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Abstract

There have been many field carbon capture test facilities operated around the world over the last decade or so with a view to
technology development and demonstrating and reducing capture cost to make CCS cost effective. A wide range of conventional 
and emerging technologies are undergoing tests by CO2CRC Limited (CO2CRC), using real feed gas from a variety of processes.
Although learning by doing is the main motive for most of these tests, some went through systematic programs to step up the TRL 
ladder towards commercial readiness. This paper reports the results of each test facility to show the extent of learnings.
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1. Introduction

Australia’s abundance of coal resources made it easy to rely heavily on fossil fuels for power generation. Victoria’s 
brown coal is one of the cheapest fossil fuels and is estimated to have 500 years’ worth of reserve. Its high level of 
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CO2 emission (52% of Victoria’s emissions) makes it the most significant target for reducing greenhouse gases. 
CO2CRC, as the leading CCS R&D organisation in Australia, has been pioneering industry relevant carbon capture 
and storage research since 2007. The Victorian State Government initiated an Energy Technology Innovation Strategy 
(ETIS) in 2007 providing funds from which CO2CRC implemented two projects: pre-combustion capture and post-
combustion capture as detailed by Qader et al. [1], Smith et al. [2,4], Mumford et al. [3], Scholes et al [5,6] and Xiao 
et al. [8]. Each project demonstrated and tested three different technologies (solvents, adsorbents and membranes) in 
parallel in an industrial setting applying real syngas and flue gas from power plants. This put Australia on the world 
map at the forefront of testing carbon capture technology, at that time. (Qader et al. [1]).

The three technologies used in field testing by CO2CRC in Victoria, Australia were [9,10]:
A Solvent separation system
Membrane (gas separation and gas-liquid membranes), and
Adsorbent (vacuum swing adsorption).

The last two are emerging technologies.

The solvent technology examined was initially an amino acid based solvent followed by a potassium carbonate 
based system developed under the banner of the CO2CRC as reported by Mumford et al. [3]. The technology was 
supported by patents with the main solvent process referred to as UNO MK 3. 

CO2CRC also tested a membrane technology using flue gas from a black coal fired power plant in New South 
Wales, Australia (Vales Point, Delta Electricity). This project aimed to fabricate high performance hollow fibre
membranes and to assess their performance in carbon capture using real flue gas. Three fabricated membranes were 
tested on site with permeance and CO2/N2 selectivity achieved in the expected ranges. A new developed membrane 
project is now under development at this site.

CO2CRC is now opening up another new front in field testing - in CO2 capture from natural gas. A new project 
has been undertaken to develop new cost effective, compact capture technologies for natural gas industry to remove 
and capture CO2 mainly from high CO2 content wells. Tests on new capture materials and processes will be performed
over a range of adjusted CO2 concentrations mimicking various gas field conditions of composition and pressure.

This paper provides a critical assessment of whether the capture technologies meet their expectations in the field 
and if the outcomes match the current capture market requirements. We will also discuss the current status of these 
technologies and new understandings unveiled by pilot scale testing.

Nomenclature

CCS Carbon Capture and Storage
ETIS Energy Technology Innovation Strategy, Victorian State Government
FGD Flue Gas Desulphurisation
H3 CO2CRC’s three post-combustion technologies project in Hazelwood, Victoria
Mulgrave CO2CRC’s three pre-combustion technologies project
PSA Pressure Swing Adsorption
tpd tonnes per day
TRL Technology Readiness Level
TSA Temperature Swing Adsorption
UNO MK 3 A potassium carbonate based solvent developed by CO2CRC and being commercialised by UNO 
Technology P/L
VSA Vacuum Swing Adsorption
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2. Pre-combustion Capture Demonstration (Mulgrave project)

Pre-combustion capture of carbon dioxide (CO2) using syngas from a 0.5MWe brown-coal fired research gasifier 
was demonstrated using three different technologies, namely, solvent, adsorbent and membrane. These are shown 
below in Fig. 1 and their respective sizes are given in Table 1.

Figure 1: Pre-combustion Pilot plants using syngas from a 0.5 MWe brown-coal fired gasifier

Table 1: Pilot plant sizes

Plant Physical size Capacity
Solvent Absorber size: 3.5m high, 0.2m diameter. The Rig size (H 

x W x L) = 7.3m x 5.5m x 2.5m
1 tpd

Membrane Hollow-fibre module - length 1.0m and diameter 0.2m.
The Rig size (H x W x L) = 1.9m x 0.85m x 2.0m

0.024 tpd

Pressure swing adsorption (PSA) Adsorbers size: length 1.0m and diameter 0.02m. The Rig 
size (H x W x L) = 1.9m x 0.8m x 1.5m

0.0024 tpd

2.1. Solvent plant

The solvent absorption plant was designed to capture 30–50 kg/h ( 1 tpd) of CO2 from 300 kg/h of syngas using a
potassium carbonate (K2CO3) solution. It showed promise as a solvent for CO2 capture because it requires lower energy 
for regeneration and has a low environmental impact when compared with the traditional amine-based solvents (see 
section 3.1 for further details). The pilot plant consisted of two randomly packed columns (an absorber and a 
regenerator) each having an internal diameter of 200 mm and a packing height of approximately 3.3 m. The absorber 
was designed to be operated at a pressure of 700 kPag and temperatures up to 100 C. The regenerator was designed 
to be operated at a pressure of 100 kPag and a temperature of approximately 120 C. Further details are available in 
elsewhere (Smith et al. [2]). The flow diagram of the process is given below in Fig. 2.

Membrane AdsorptionSolvent
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Figure 2: Process flow diagram of the pre-combustion solvent pilot plant

The plant was operated from a common control panel. Gas and liquid stream properties (including pressure, 
temperature and flow) were continuously monitored via an online data logging system. Rich and lean solvent samples 
were collected throughout the testing period and analysed for solvent concentration and CO2 loading via a titration 
technique. Physical properties of the solvent samples including density, viscosity and surface tension were also 
determined experimentally throughout the pilot plant testing period. Gas samples were collected via the use of sample 
bombs and analysed using gas chromatography (Smith et al. [2]).

The solvent absorption pilot plant was operated over three separate campaigns each consisting of 6 days. Syngas 
was supplied to the pilot plant from the research gasifier in Melbourne for a total of approximately 6 h each trial day. 
The data collected was thus limited. Changes in the solvent physical properties, due to interaction with syngas 
impurities, were found to influence the hydrodynamic performance of the packed columns. Bicarbonate precipitation 
and vessel level control issues also led to operational difficulties. However, performance data matched well (to within 

5%) with the developed ASPEN PlusTM simulation predictions and will be important for future process 
development, design and optimisation.

2.2. Membrane

The purpose of the Mulgrave Capture Project Membrane pilot plant was to trial a range of membrane materials and 
membrane separation strategies to separate CO2 from syngas, with the overall objective of identifying the most 
potential for successful pre-combustion carbon capture. To achieve this objective, the Membrane pilot plant was 
designed and constructed to operate three membrane separation processes in parallel:

Two-stage membrane module separation in series: the retentate or permeate stream from the first membrane 
module was the feed stream for the second membrane module, which allowed sequential separation to occur.
High temperature membrane separation: the membrane module was operated at high temperatures to process 
the syngas close to the water-gas shift temperature.
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Membrane gas-solvent absorption contactor: hybrid technology of solvent absorption and membrane 
separation, where CO2 separation was achieved by absorption into a solvent, with the interaction area between 
the syngas and solvent rigidly controlled by a porous membrane.

The separation performance criteria reviewed to judge a membrane material, were as follows:
Good CO2 selectivity relative to H2 and N2.
High CO2 permeability (i.e. flux) through the membrane.
Separation performance stability under process conditions.

Membrane materials and strategies that demonstrate these three criteria have potential for implementation in pre-
combustion capture. To fully quantify membrane performance, the permeability of CO, CH4, water, and higher 
hydrocarbons, along with a comparison in membrane performance under ideal conditions in the laboratory, were also 
studied. Unfortunately, given the restrictions in operating time, time dependent studies of membrane were limited.

The Membrane Pilot Plant was successfully constructed, commissioned, and operated to achieve its design aim of 
being flexible to trial a wide range of membrane materials and designs. In total nine gas separation membranes and 
four different combinations of membrane gas-solvent contactors were trialled.

For gas separation membranes, the best performing CO2-selective membrane was poly dimethyl siloxane (PDMS), 
which under the process conditions was able to achieve high CO2 permeability while having good CO2/H2 and CO2/N2

selectivities. Pilot plant operation of a two stage process demonstrated high purity CO2, on a dry basis, could be 
achieved. This was extended with an Aspen HYSYS simulation of a potential CO2-selective membrane plant based on 
PDMS which demonstrated the necessary recovery and purity could be achieved by two membranes in series with 
recycle. The best performing H2-selective membrane was the Nanoporous carbon membrane, which achieved adequate 
H2/CO2 and H2/N2 selectivities at high temperature. However, the performance of the Matrimid membranes, both flat 
sheet and hollow fibre, demonstrated this polymer’s potential for the same application, though at a lower temperature.

For the membrane gas-solvent contactor, a porous Polytetrafluoroethylene contactor, with 30 wt% 
Monoethanolamine as the solvent, achieved the highest overall mass transfer coefficients. However, the corrosive 
nature of MEA lead to polymer degradation issues, which suggests that the more benign solvent 30 wt% K2CO3 at 
high temperature is a valid alternative option (Scholes et al. [4]).

Another major outcome of the Membrane Pilot Plant has been the training of students and researchers (6 in total) 
in carbon capture technologies and the communication of information and skills learnt, as well as collaborations 
established, with parties interested in the CCS field.

2.3. Adsorption

Laboratory and field studies over the last decade have explored the synergy of process and materials to produce 
numerous CO2 capture technologies and materials based on cyclic adsorption processes (Webley [7]). The principle 
of gas separation using adsorption relies on the difference of the amount of adsorbed gas molecules under varying 
temperature/pressure conditions (Fig. 3). A change of temperature and/or pressure induces adsorption and desorption 
of gas molecules and tailored operational process can maximise separation performance based on this principle. 
Depending on the variable to be changed, an adsorption process can be a pressure swing adsorption (PSA), vacuum 
swing adsorption (VSA), pressure vacuum swing adsorption (PVSA), or temperature swing adsorption (TSA) process. 
Adsorption technology for gas separation requires relatively low energy consumption compared to alternate processes. 
The purity of the product gas can be enhanced by using more sophisticated cyclic processes. Development of novel 
adsorbents rapidly expands the applicability of the process in many industrial fields.

This program investigated the ability of adsorption technology to capture CO2 from high temperature gasification 
process streams by performing experimental tests on syngas produced by an actual operating coal gasifier.
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Figure 3: Adsorption process concept diagram

In this research project, various carbon dioxide adsorbents were prepared and their applicability for capture at high 
temperature was evaluated. Zeolite 13X and calcium chabazite showed good breakthrough results at temperatures of 
less than 200 °C due to their reasonably high adsorption capacity and fast kinetics. Preliminary results of novel 
adsorbents such as PEI and double salt materials showed optimistic results for carbon capture at high temperature. 
Further study is required to evaluate the feasibility of the materials in a large scale process environment.

Results of pressure vacuum swing adsorption of zeolite 13X showed that sophisticated adsorption processes could 
produce CO2 concentration higher than 95 % which is the minimum requirement for effective transportation and 
sequestration of CO2.

Further work is needed to understand the impact of contamination in the long term and for large scale operation. 
The contaminants may not only reduce the adsorption performance but also damage CO2 adsorbents irreversibly.

2.4. General conclusions

Limited data were obtained due to short-term operation of capture plants, which in turn happened because of the 
limitation of the gasifier operation. Running the relatively old research gasifier was an expensive exercise. The specific 
learning achieved for each of the research areas were:

Solvent absorption: Operation of solvent absorption was successfully demonstrated for pilot scale pre-combustion 
capture using the CO2CRC solvent. This work, together with laboratory and process simulation, enabled the 
development of the robust large scale plant design.

Membrane: Results enabled the identification of suitable membrane materials and process designs that can attain 
the degree of CO2 recovery and purity required for effective storage. For gas separation membranes, the best 
performing CO2-selective membrane was poly dimethyl siloxane (PDMS).  Under the process conditions this was able 
to achieve high CO2 permeability while having good CO2/H2 and CO2/N2 selectivities. A porous 
polytetrafluoroethylene (PTFE) contactor with 30 wt% monoethanolamine (MEA) as the solvent, achieved the highest 
overall mass transfer coefficients for the membrane gas-solvent contactor.
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Adsorption: Zeolite 13X and calcium chabazite showed good results at temperatures of less than 200°C due to 
reasonably high adsorption capacity and fast kinetics. Preliminary tests of novel adsorbents such as PEI and double 
salt materials showed encouraging results for CO2 capture at higher temperature.

Heat integration: New methodologies and software were developed to optimise heat and process integration for 
carbon capture and storage applications. These techniques were used to establish large scale integrated flowsheets for 
analysis and further development. Energy penalties could be further reduced by an optimisation procedure that 
maximises the net power generated from the process plant. The optimisation should include not only the capture 
process but also variables within the CO2CRC Modelled Plant process that could not be considered as part of this 
study. The multi-objective optimisation tool for CO2 capture developed by the CO2CRC could be useful for further 
optimisation of CO2 capture for the power industry. The optimisation should include not only the capture process but 
also variables within the power/process plant. The multi-objective CO2 capture optimisation methodology developed 
by the CO2CRC, is a valuable tool for optimisation of CO2 capture for the power industry.

Economics: The CO2CRC economic methodologies developed at UNSW were further extended to encompass the 
CO2CRC Modelled Plant. The sensitivity analysis shows that cost estimates are strongly affected by the discount rate 
and energy penalty estimates. Doubling the discount rate increases the capture cost by up to 30% of the baseline cost. 
The effect of increasing the energy penalty also has a significant impact, increasing the estimate of capture cost by 
10% to 30%. The effect of increasing the capital cost and cost of electricity by 20% has less than a 10% impact on the 
capture cost.

3. Post-combustion Capture Demonstration 

The CO2CRC H3 Capture Project was a world first in demonstrating post combustion capture (PCC) using three 
different separation technologies (solvents, membranes and adsorption) in parallel in a real power plant setting. The 
work, led by CO2CRC, in partnership with International Power Hazelwood, was funded under the Victorian 
Government’s ETIS program and BCIA commencing in 2007. These are shown below in Fig. 4 and their respective 
sizes are given in Table 2. The plants were operated from a common control panel.

Innovations from our core program and our plant based experience have led to concepts for the development of a 
new solvent process known as UNO MK 3 based on potassium carbonate with anticipated benefits over existing 
solvent processes as described previously. These led to yet another pilot plant project (2011-2014), also at Hazelwood 
Power Station, see Fig. 5. It was operated in a similar manner to the H3 project and funded by BCIA.

Solvent

Adsorbent

Membrane

Spent gas 

Flue gas in
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Figure 4: CO2CRC H3 post-combustion capture plants in Hazelwood power station

Figure 5: CO2CRC UNO MK 3 post-combustion capture plant in Hazelwood power station

Table 2: All pilot plants sizes at Hazelwood Power Station, Victoria, Australia

Plant Physical size Capacity
Solvent (under H3) The dimension of the solvent absorption tank: 20.0m 

high and 1.5 to 1.0m diameter. The Rig size (H x W 
x L) = ~29.3m x ~8.33m x 24.1m

50 tpd of CO2

Membrane (under H3) Membrane: hollow-fibre module size - length 1.0m 
and diameter 0.2m. The Rig size (H x W x L) = 1.5m 
x 2.5m x 2.2m

0.04 tpd of CO2

Adsorption (under H3) Adsorbers size - length 1.7m and diameter 0.2m. The 
Rig size (H x W x L) = 3.0m x 4.5m x 8.0m

0.5 tpd of CO2

UNO MK 3 An Absorber (0.2m dia x 11 m high) having two 
sections of packing on a 2m x 3m skid; The 
regenerator and all other accessories are in a separate 
skid of size 3m x 15m.

1 tpd of CO2

3.1. Solvent plant

Technologies for amine solvent post-combustion CO2 capture have been extensively investigated over the past 
decade. Although, the aqueous alkanolamines such as monoethanolamine (MEA) or diethanolamine (DEA) have 
gained widespread attention due to their effectiveness for removing CO2 from flue gas streams, they have some 
limitations. They are corrosive, susceptible to degradation, reactive to impurities leading to solvent loss and foaming 
problems, have high vapour pressure and high energy requirement for regeneration. For these reasons, a significant 
amount of research is being conducted to examine alternative solvents and processes. 
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The CO2CRC has researched and patented a scrubbing system based on cheap potassium carbonate (K2CO3)
solvent, which offers advantages over the conventional MEA solvent by avoiding the need for separate Flue Gas 
Desulphurisation (FGD) facilities. It is non-volatile, oxygen tolerant and hence suffers little thermal degradation, is 
potentially more environmentally friendly, reacting with flue gas impurities to produce usable by-products such as 
fertilisers and, in modified configurations, is expected to offer lower energy requirements.

Potassium carbonate for carbon dioxide removal has been known for many years. Over time many variations to the 
basic process have been developed including operating the absorber column at higher temperatures, improving the 
contacting performance in the absorber and regenerator columns and searching for heat integration designs in the high 
pressure application areas. In this project, the main aims were to investigate the process, chemistry, equipment and 
heat integration aspects of the potassium carbonate solvent in PCC configuration and then to validate simulation 
models against plant data. New design concepts were also to be developed that offer to drive down costs.

3.2. Membrane plant

There is a range of membranes with considerable potential for post-combustion capture. The key selection criteria 
are suitably high permeability and high selectivity with high resistance to compaction, plasticization and contamination 
as discussed in section 2.2. 

Polyimide and cellulose acetate membranes are currently used commercially for the removal of CO2 from natural 
gas streams and are likely to be suitable as gas separation membranes for post-combustion capture. Surface treated 
polypropylene membranes are likely to be a cheap alternative for post-combustion membrane gas absorption because 
of their ability to retain hydrophobicity on exposure to amine solutions. These membranes warranted assessment at 
the pilot scale and were included in the H3 research program [4,5].

3.3. Adsorbent plant

Although there has been considerable international focus on development of adsorbents for CO2 capture from flue 
gas, there has been limited testing of adsorption processes on real flue gas streams from power plants. The trials 
undertaken at the Hazelwood power plant were designed to test adsorption processes on real flue gas streams. In 
particular, the role of high levels of water and impurities on the performance of the adsorption process were unknown 
prior to testing. Cycle and adsorbent testing were therefore of paramount importance to confirm the technical feasibility 
of the process and to identify engineering obstacles on the path to commercialization. Materials selection was guided 
by the discussion provided in section 2.3.

3.4. Overall Conclusion on H3

The key objective of the CO2CRC H3 Capture Project was to reduce the technical risk and cost of post combustion 
capture for Victorian coal-fired stations. For each of the three capture technologies (namely, solvent absorption, 
membrane and adsorption), the more specific objectives were to:

Identify and quantify the impact of realistic post combustion gas contaminants (SOx, NOx, fly ash) and water 
on the performance of each technology;
Identify and quantify the impact of post combustion gas temperature and concentration variations on the 
performance of the capture medium and process;
Optimise process operating parameters;
Develop engineering solutions at a scale so that confidence can be established for full scale plant design and 
assessment;
Assess the post combustion capture process and energy integration options; and
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Review the technical and economic viability of the commercial use of post combustion capture for Victorian 
brown-coal power stations.

On completion, the project has gathered valuable information to facilitate technology development for three post 
combustion techniques (solvent absorption, membranes and adsorption) resulting in substantial reduction in technical 
risk and cost for all three technologies. Furthermore, the large scale designs indicate a range of options for carbon 
dioxide capture.

Lack of long term operating data cast uncertainty on positive outcomes. The H3 project duration proved too short 
to provide sufficient long term operating data for definitive findings. However, it did offer directions for subsequent 
developments leading to further technology development and pilot trials.

The specific learnings for each of the research areas are as follows.

Solvent absorption:
The Hazelwood Carbon Capture plant has successfully demonstrated the operation of solvent capture at 
considerable scale and provided an insight into the issues for larger scale demonstrations.
Research and trialing on the UNO liquid K2CO3 system has led to the development of the significantly lower 
energy alternative process, UNO MK 3, utilising precipitating carbonate technology. 
Large scale design evaluations have identified the CO2CRC UNO MK 3 process to be a highly competitive 
post combustion technology through both the energy reduction of the precipitating system and it’s inherent 
sulphur and nitrogen removal capability - obviating the need for supplemental or new gas treatment facilities 
such as FGD and deNOx. 

Membrane: 
The trials provided valuable information about performance of membrane capture and with real power plant 
flue gas including selectivity over time and the effects of competitive sorption. There was little evidence of 
ash build up on the membrane during the trials in the current plant configuration.
Considerable work has been completed on the impact of impurities (including water) on suitable membrane 
materials along with some development of process designs for large scale applications.

Adsorption: 
Stable operation with minimal intervention has been demonstrated on a Zeolite 13X vacuum swing adsorption 
(VSA) treating power plant flue gas. Water management protocols have been established proving that no 
expensive pre-treatment steps will be necessary for VSA operation with the CO2CRC designed process while 
achieving high degrees of separation.
The adsorbent system offered the equal lowest cost alternative for retrofit thus warranting further analysis of 
the cycles, materials alternatives and importantly the capital equipment requirements. 

Heat integration: 
A multi-objective optimisation tool for CO2 capture from power stations has been developed by the CO2CRC 
as part of the CO2CRC’s ETIS post- and pre-combustion projects. It enabled the creation of highly integrated 
designs that minimise energy usage and reduce costs.
Energy penalty targets for Australian power plants have been established using comprehensive heat 
integration of capture plant into power cycles. This demonstrates the significant opportunity for retrofit PCC 
to Australian power plants at much lower energy penalties than previously considered possible. In particular,
the brown coal fired power plants have the additional opportunity of innovative pre-drying as potential add-
on to capture plant without pursuing the full scale deep drying technologies.
Our heat integration studies have identified that considerable amounts of post-combustion capture (40-50% 
capture) can be done with minimal impact on the Net Power from any given plant. This may offer interesting 
implementation opportunities in the transition to full capture.  Energy penalties for full scale (90% capture) 
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could be further reduced both by an optimisation procedure targeting process parameters and through more 
aggressive, but still manageable, heat integration strategies. 

Economics: 
The sensitivity results show that cost estimates are strongly affected by the discount rate. Doubling the 
discount increases the capture cost by up to 30% of the baseline cost. The effect of increasing the energy 
penalty, the capital cost and energy price by 20% had less impact, with increases in the capture cost observed 
to be up to 10%.

3.5. UNO MK 3

Based on the outcome of H3 solvent project, UNO MK 3 solvent was developed. A process flow diagram for UNO 
MK 3 is given in Fig. 6.

Figure 6: Process flow diagram for UNO MK 3.

The UNO MK 3 capture plant trials at the GDF SUEZ Australian Energy, Hazelwood power station was the first 
trial of the CO2CRC’s precipitating based UNO MK 3 process at a power station. The modifications applied to the 
original pilot plant increased control which made it more functional for testing solvent processes using real flue gas.

The trials built confidence in modelling and operating the pilot plant with rate promoters and precipitating solvent. 
The un-promoted campaigns resulted in low rates of absorption but were in line with predictions and in line with 
results from previous trials. The highly concentrated trials created some difficulties with absorber flooding and 
intermittent operation lead to blockages at start-up. There were generally minimal issues with blockages once the 
system was stabilised, except in the structured packing which was not expected to be solids tolerant at high solid 
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fractions. Precipitating systems require more attention to be paid to the piping design and layout than a non-
precipitating system would. The plant was able to provide invaluable data on the particle size distribution obtained 
from the process to enable more robust future equipment design.

The pilot plant trials have provided invaluable information for developing the UNO MK 3 process, including the 
performance of the rate promoters, the solids characterisation, the impurities removal processes and various pieces of 
absorber and downstream equipment. Further laboratory and pilot plant activities are required to continue to develop 
the process. Ongoing research to develop the UNO MK 3 process is required particularly in solubility prediction, better 
rate promoters, promoter chemistry, smooth operation, higher capture rate using taller columns and long term runs. A
company, UNO Technology Pty Ltd has been spun off and it is currently commercializing the technology. Large scale 
designs show UNO MK 3 to be highly suitable for economic capture from all fuel sources (natural gas turbines [10] 
through to all coal types).

3.6. A new post-combustion plant

CO2CRC has been awarded a new project by Coal Innovation New South Wales (CINSW) to test membrane-
solvent contactors for post combustion flue gas capture. We have been notified of the offer of $1.2m cash grant, but 
are still waiting for ministerial announcement. This will be a further development on the membrane technology tested 
in Hazelwood during 2009-2011. If successful it would add a new dimension in post-combustion carbon capture for 
coal fired power generation.

4. CO2 capture demonstration in natural gas separation

CO2CRC is now opening up another new front in field testing - in CO2 capture from natural gas. A new project has 
been undertaken for carbon capture from natural gas using two different capture technologies in parallel. These are 
membrane and adsorbent technologies. The testing is targeted towards carbon capture for offshore high pressure NG 
separation. Recovering methane from high CO2 content natural gas fields is the next frontier in natural gas extraction 
as these sources of gas are abundant and large, e.g., NW Shelf (~15 % CO2), the Icthys fields in the Browse Basin (7 
to 16% CO2), Cooper Basin in Central Australia (>30 % CO2), Natuna field in Greater Sarawak Basin in Indonesia 
(~71 % CO2), Malaysian gas fields (28 % - 87 % CO2), Platong and Erawan fields in Thailand (~90 % CO2) and so on. 
Hundreds of trillions of cubic feet of known reserves of natural gas are undeveloped due to high CO2 content. The 
high cost in separating these vast quantities of CO2 from methane makes these resources uneconomic. Conventional 
gas sweetening process technologies based on chemical or physical solvents and/or semi-permeable membranes are 
not suitable for such conditions (large footprint and energy intensive, hence difficult for offshore and subsea use and 
not economical). Both membrane and adsorbent have the potential to meet these gaps.

A skid mounted rig has been designed, constructed, installed and commissioned last month in CO2CRC Otway 
site, where we have our own natural gas source. Overall, this project will be testing new capture materials and 
developing new compact capture processes over a range of adjusted CO2 concentrations mimicking various gas field 
conditions of composition, temperature, and pressure. Emphasis will be on long term exposure under high pressure 
and impurities removal (durability and robustness). If successful, it is expected to save CO2 compression cost for CCS.

Successful testing would follow scaling up of field data using simulations with techno-economic assessment and 
comparison of performance against current technologies should pave the way towards commercial application. There 
will be a great opportunity for international collaboration with both industry and academic partners.
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5. Status of CO2CRC capture technologies with comments 

Various capture technologies are being studied all over the world as discussed in the beginning of this paper. It is a 
complex process to assess each technology for its readiness for large scale implementation, because case by case study 
is required depending on each application.

Below (Table 3) is an approximate picture of CO2CRC’s capture technologies readiness.

Table 3: CO2CRC’s capture technologies readiness level

Technology, field-
trialled by CO2CRC

Technology readiness 
level (TRL)

Remarks

Solvent 3 to 6 Larger scale pilot trials required. UNO MK 3 is now being 
pursued by a spin off company, Unotech Pty Ltd. 
Consideration of partial capture rather than close to 100% 
capture would improve TRL. There is scope for developing new 
innovative solvents too.

Membrane 3 to 4 Membranes are widely used in gas processing industries, but 
this is a new emerging technology for broader carbon capture 
application and shows promise for high pressure conditions. 

Adsorbent 2 to 3 Till now there is no operating large scale commercial CO2

capture processes based on adsorption technology, but this 
emerging technology carries high potential for carbon capture 
across the board as per Webley [7].

6. Conclusion 

The specific outcomes from the projects in trialing the three technologies are:

Successful management of a complex multi-party, multi-technology, multi-objective carbon capture 
demonstration project.
Confidence and skill development in construction, commissioning and operation of capture plants on a power 
plant site using real feed gas.
Gathering of valuable information to facilitate technology development for three techniques (solvent 
absorption, membranes and adsorption) resulting in substantial reduction in technical risk and cost for all
three technologies thus moving up on the TRL ladder. UNO MK 3 solvent technology development is an 
example in solvent area, while new directions are developed in emerging technologies, like membrane and 
adsorbent area too as discussed in this paper. Accordingly, new projects are being undertaken.
Large scale designs and techno-economic assessments have been performed using the pilot plant data.

In order to achieve the objectives of each pilot plant, various issues had to be resolved on the way related to design, 
operational and management offering valuable learning. Consideration of long-term projects must be taken into 
account in order to obtain more reliable and robust data.

Finally, successes and challenges of capture pilot plants implementation are affected not only by scientific, technical 
and operational issues but also by funding and policy decisions of the broad range of stakeholders involved. Early 
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collaboration with technology investors during pilot projects would accelerate outcomes and allow faster progress up 
the TRL ladder.
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