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1 Peter Cook Centre For Carbon Capture and Storage Research

THE PETER COOK CENTRE  
FOR CARBON CAPTURE AND STORAGE (CCS) RESEARCH  

is a world class research centre at The University  
of  Melbourne.

The research we perform underpins the development 
of  enhanced technologies for carbon capture and 
storage in Australia. Working closely with our partners 
the Cooperative Research Centre for Greenhouse 
Gas Technologies (CO2CRC), Rio Tinto and the 
State Government of  Victoria’s Department of  State 
Development, Business and Innovation (DSDBI) the 
Centre’s outputs will deliver the next generation of  skills 
and research and development services in CCS research.

The Centre is named after Professor Peter Cook, CBE, 
FTSE, an internationally distinguished expert in carbon 
capture and storage research and a pioneer of  CCS 
research and development in Australia. His profile 
and worldwide reputation for excellence in the field of  
geological storage makes him a fitting choice as patron 
for the Centre.

The Centre is in a unique and advantageous position 
building on outstanding achievements and momentum 
from the projects that have been running through the 
CO2CRC over the past decade. A very strong team 
of  CO2 capture experts are already assembled at the 
University of  Melbourne and the establishment of  the 
Centre will facilitate the development and expansion 
of  CO2 storage research at the University as well as 
interdisciplinary studies relating to CCS.

Mission
To develop environmentally and socially acceptable, 
cost effective carbon capture and storage solutions for a 
carbon constrained world.

Vision
The development of  scientific and engineering expertise 
and personnel in Australia to enable the deployment 
of  advanced carbon capture and storage technologies, 
thereby contributing to the nation’s economic, 
environmental and social well-being.

A B O U T  U S
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Research
Increasing greenhouse gas emissions to the atmosphere is 
a key environmental issue facing Australia and the world.

Carbon dioxide, primarily from the combustion of  fossil 
fuels for energy, is the most common greenhouse gas 
emitted by human activities and is causing an adverse 
impact on climate. Emission reduction will require a full 
suite of  responses: increased use of  renewable energy, 
greater energy efficiency, fuel switching, increased capture 
and use and geological sequestration of  carbon dioxide. 

Carbon capture
The Capture Program’s primary aim is to reduce the 
cost and environmental impact of  capture of  carbon 
dioxide (CO2) from a range of  sources including coal 
and gas fired power stations, from steel and cement 
production, as well as from natural gas. The research 
focuses on developing and demonstrating technologies 
that will significantly reduce the costs of  capturing 
CO2 thereby mitigating financial risk for industry. We 
are interested in exploiting the captured CO2 and have a 
portfolio of  projects examining utilisation strategies

The program centres on the three technologies of  solvent 
systems, membranes and adsorption all of  which have 
application in specific areas. Research is being undertaken 
across a spectrum of  work, from the fundamental through 
to demonstration of  operating plants.

Carbon storage
The Carbon Storage Program within the Centre is 
focused on the study and assessment of  potential 
CO2 storage sites through the provision of  research, 
technical review and advice. The CO2 storage research 
team is multidisciplinary with particular strengths in 
geochemistry, geomicrobiology, numerical modelling 
of  reservoir processes and geophysics including seismic 
interpretation. Our projects are focused on developing 
a deeper understanding of  the process of  storing 
CO2 in subsurface structures, with the aim of  reducing 
the storage risks and developing monitoring and 
control technologies.

Legal and social policy
In today’s political climate, carbon policy is 
uncertain. There is general acceptance that deep cuts in 
CO2 emissions will be required of  society in general, but 
inevitably with a major focus on major carbon emitters 
such those related to fossil fuels, power generation and 
energy-intensive industries. The Peter Cook Centre 
is a multidisciplinary research centre which crosses 
traditional discipline boundaries to provide access to 
expertise in carbon mitigation technology and address 
the legal, social and economic issues that will be critical 
to reducing greenhouse gas emissions in the future.
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D I R E C TO R ’ S  
R E P O RT 

The Peter Cook Centre for Carbon Capture and 
Storage Research is a cross-faculty, collaborative 
research centre at the University of  Melbourne. Our 
focus is the development and application of  carbon 
capture and storage (CCS) as key technologies for 
greenhouse gas remediation and control in a carbon 
constrained world.  Our work is organised in three main 
programs which have significant overlap.  The Capture 
Program is focused on the development of  technologies 
to capture CO2 from a range of  industrial sources and to 
look at opportunities to utilise that CO2. 

We are particularly focused on reducing the cost and 
environmental impact of  CO2 capture and the program 
is focused around solvent, membrane and adsorption 
systems for capture.  The Storage Program is focused on 
developing a deeper understanding of  the CO2 storage 
process in subsurface structures with the aim of  reducing 
storage risks.  Overarching these two programs is the 
social acceptance and legal program, examining issues 
for future deployment of  CCS. 

We were set up with the generous support of  Rio 
Tinto, the Victorian Government Department of  
State Development Business and Innovation (DSDBI) 
and the Cooperative Research Centre for Greenhouse 
Gas Remediation (CO2CRC) to ensure a centre 
of  excellence in Australia that is competitive and 
recognised in the international arena in the field of  
CCS research.

2015 was our third year of  operation and we have 
concentrated on building our research base and 

international linkages.  As such, we welcome Professor 
Stephan Matthai who joined the Peter Cook Centre as  
a reservoir engineering expert.  

This strategic appointment by the Peter Cook Centre 
and the University of  Melbourne emphasises the 
importance of  improving current understanding of  
how CO2 behaves in the subsurface following injection.  
We have also signed MOU’s with Boundary Dam 
Operations, The University of  Regina and Stanford 
University to facilitate our continued collaboration.  We 
also welcomed CTSCo and Orica as associate members 
and look forward to working with them in more depth.

As part of  our outreach program we were pleased to 
organise and partially sponsor Mike Monea’s visit as 
part of  our Distinguished Lecture program.  Mike is 
Vice President of  the Integrated Carbon Capture and 
Sequestration Project at Boundary Dam and gave an 
update on the large scale CCS project at Boundary  
Dam and its implications for Australia 
 
Centre Performance Highlights

In 2015 we have published 38 articles in peer 
reviewed journals.

Our researchers have a high profile at national and 
international conferences on carbon capture and 
storage with over 68 presentations at conferences, three 
of  these were Key Notes and Plenary Lectures and 8 
invited presentations.
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Education and Training

In 2015 we had 18 postgraduate students and 
7 early career researchers actively involved in 
carbon capture and storage research.  They form 
the basis for the next generation of  scientists and 
engineers knowledgeable in this area.

Finally after three years as Director I have 
decided to step down and it gives me great 
pleasure to welcome Professor Paul Webley as the 
new Director of  the Peter Cook Centre from the 
beginning of  2016.  I will still be involved in the 
Peter Cook Centre and run the solvents program.  
I have found  it a pleasure to work with an 
inspired group of  researchers and industry 
collaborators and I would like to thank all of  
them for helping the Peter Cook Centre emerge 
as a preeminent centre for carbon capture and 
storage research.

On behalf  of  the members of  the Peter Cook 
Centre for CCS Research, I would like to thank 
the University of  Melbourne, the CO2CRC, 
the State Government of  Victoria and Rio 
Tinto for their financial support and valuable 
input to our Stakeholder Committee and 
Science Advisory Committee. 
 
 
 
 

Laureate Professor Geoff Stevens 
Director
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EXECUTIVE

1. Prof  Peter Cook

2. Dr Malcolm Garratt

3. Prof  Geoff Stevens

MANAGER

1. Dr Michelle de Silva
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MANAGER

1. Ms Shelley Reed 
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ADMINISTRATIVE  
SUPPORT

1. Ms Franca Tomaras  
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PROJECT LEADERS
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5. Dr John Moreau

6. Prof  Greg Qiao
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P C C  M E M B E R S H I P 
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RESEARCH ASSISTANTS
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3. Mr Grant Jiang
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3. Dr Dennis Van Puyvelde

STUDENTS
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4. Mr Guoping Hu

5. Mr Apoorv Jyoti

6. Mr Jinguk Kim

7. Mr Hiep Thuan (Bill) Lu

8. Mr Nouman Rafique Mirza

9. Mr Thomas Moore

10. Mr Andre Mu

11. Mr Augustine Ntiamoah

12. Ms Nasim Pour

13. Mr Joel Scofield

14. Mr Willie Tang

15. Mr Yue (Frank) Wu

16. Mr Ke Xie

17. Mr Joel Yong

18. Ms Xueying (Alison) Zhang

19. Mr Qinghu Zhao

20. Ms Qi Zheng
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CARBONIC ANHYDRASE AS A POTENTIAL 
PROMOTER FOR CO2 ABSORPTION 
Guoping Hu, Nathan Nicholas, Sandra Kentish, Geoff Stevens

Carbon capture and storage (CCS) techniques are 
efficient and effective ways to reduce CO2 emissions 
and so mitigate climate change effects. However, 
the cost of  carbon capture has to be reduced to 
manageable levels before it can be deployed at 
an industrial scale. Potassium carbonate solutions 
(K2CO3) are good solvents for CO2 capture because 
they have low regeneration energy, low degradation 
rates and low corrosiveness. However, one shortcoming 
of  K2CO3 is that it has slow reaction kinetics with 
CO2. This limitation can be overcome by the addition 
of  promoters to K2CO3 such as carbonic anhydrase 
which is a promising enzymatic promoter. In this study, 
the kinetic performance of  a thermally stable carbonic 
anhydrase enzyme was tested via the stopped flow 
technique and shown to have excellent promotion  
on CO2 hydration reaction.

CO2 CAPTURE USING DEEP EUTECTIC 
SOLVENTS (DES) 
Nouman Rafique Mirza, Nathan Nicholas, Sandra Kentish, 
Geoff Stevens

Deep eutectic solvents (DESs) are novel solvents having 
multiple applications. Advantages of  these solvents 
lie in their ability to be biodegradable, non-toxic in 
nature, non-flammable, having negligible vapour 
pressure, low price and easy manufacturing with high 
purity. However, for most of  these solvents, important 
physicochemical and thermodynamic properties are 
still missing in literature. In order to estimate the critical 
properties of  these solvents, a combination of  modified 
Lydersen-Joback-Reid method and Lee-Kesler’s mixing 
rules has been applied on a sample of  33 different DESs. 

Normal boiling temperatures and acentric factors have 
also been determined. The accuracy of  the method 
has been tested by making independent estimates of  
densities (based upon estimated critical properties) and 
comparing these with published literature values. The 
method gives satisfactory results for DESs resulting 
from different molar ratios of  the same precursors. 
It also takes into account the temperature variation 
of  estimated densities and gives reasonable results. 
Experiments for CO2 solubility in three different 
choline chloride based DESs were conducted in a 
temperature range of  (309 to 329) K at pressures up 
to 160 kPa. Henry’s constants for CO2-DES systems 
have been determined under these conditions with 
values in the range of  (3.7 to 6.1) MPa (on molality 
basis). Thermodynamic modeling using a modified 
Peng-Robinson equation of  state to correlate to the 
experimental data showed satisfactory results.  
The calculated Gibbs free energy, enthalpy of  
dissolution and entropy of  dissolution showed that the 
CO2 absorption was exothermic and the entropy of  the 
system decreased as a result of  gas absorption. Further 
experiments to explore a range of  DESs with better  
CO2 solubility are being conducted in the laboratory.

PILOT PLANT TESTING OF A 
PRECIPITATING POTASSIUM CARBONATE 
PROCESS FOR CO2 CAPTURE 
Kathryn Smith, Indrawan, Kathryn Mumford, Sandra Kentish, 
Abdul Qader, Barry Hooper, Geoff Stevens

A precipitating potassium carbonate (K2CO3) based 
solvent absorption process has been developed for 
capturing CO2 from industrial sources such as power 
plant flue gases. Demonstration of  this process has been 
completed using both a laboratory based pilot plant 
located at the University of  Melbourne and an industrial 

S O LV E N T  
S YS T E M S 

C A P T U R E  P R O G R A M
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pilot plant located at Hazelwood Power Station in 
Victoria, Australia. The laboratory scale pilot plant has 
been designed to capture 4 - 10 kg/hr of  CO2 from an 
air/ CO2 feed gas rate of  30 - 55 kg/hr. The power 
station based pilot plant has been designed to capture up 
to 1 tonne / day of  CO2 from the flue gas of  a brown 
coal fired power station. Trials have been completed 
with both pilot plants using solvent concentrations 
ranging from 20 to 45 wt% K2CO3 with and without 
rate promoters. Performance data collected from each 
pilot plant has been collected over a range of  operating 
conditions and then used to validate and further develop 
Aspen Plus simulations for this process.

MODELLING PRECIPITATING ABSORPTION 
COLUMNS USING K2CO3 SOLVENT IN 
CARBON CAPTURE 
Yue Wu, Kathryn Mumford, Sandra Kentish, Geoff Stevens

Recently some advanced separation technologies 
including vapour-liquid separation involved in solid 
precipitation have drawn great interest in capturing 
carbon dioxide (CO2) from the flue gas emitted from 
coal-fired power plants. The use of  concentrated 
potassium carbonate (K2CO3) solvent is potentially 
an effective way, not only to enhance CO2 absorption 
capacity, but also to reduce cost, as the formation of  
precipitation product potassium bicarbonate (KHCO3) 
shifts the original vapour-liquid equilibrium and reduces 

the circulation of  water, thus reducing the consumption 
of  energy when regenerating the solvent.

This study conducts a review of  high K2CO3 
concentration based CO2 absorption processes, along 
with a kinetic study on the KHCO3 precipitation 
behaviours using Focused Beam Reflectance 
Measurement (FBRM), including particle size 
distribution, crystal nucleation rate and average 
growth rate. Based on Aspen Custom Modeller (ACM) 
simulation platform, a three-phase equilibrium-based 
and rate-based absorber model is being developed. 
In addition, the thermodynamic properties of  CO2 
capture based on concentrated K2CO3 solvent has been 
investigated, regressed and modelled using an electrolyte 
non-random two liquid (ENRTL) method on the CO2-
K2CO3-KHCO3-H2O three-phase system in Aspen 
Plus, which can be cooperated in ACM. 

The three-phase model provides basic design, 
information and guidelines to predict KHCO3 
precipitating behaviours, thus avoiding fouling and 
blocking issues in the absorber. The model and 
simulation could further support the use of  a high 
concentration of  K2CO3 based solvent system with a 
range of  promoters.

ENCAPSULATED SOLVENTS FOR POST-
COMBUSTION CARBON CAPTURE 
Thomas Moore, Kathryn Mumford, Geoff Stevens, Paul Webley

The separation of  carbon dioxide from flue gases is 
typically the most expensive stage of  a carbon capture 
and storage operation, and while many solvents and 
adsorbents could be used for this separation, at present 
no material is without significant disadvantages. 
This project aims to develop a new hybrid material, 
microencapsulated solvents (MECS), in which 
solvents are encapsulated in small (100-500 micron) 
polymer shells which are highly permeable to CO2. 
Microencapsulation may allow corrosive, viscous or 

volatile solvents to be used in CCS operations. Further, 
the very high surface area of  these particles enhances 
the kinetics of  absorption, allowing the use of  solvents 
with low regeneration energies, whose kinetics 
would otherwise be prohibitively slow. This project 
will investigate the industrial application of  MECS 
for post-combustion capture of  CO2. Through a 
combination of  large-scale process modelling, small-
scale transport phenomena analysis and experimental 
measurements we hope to assess their industrial 
viability, analyse different process designs, and  
compare them with existing capture technologies.
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NOVEL ULTRA-THIN FILM COMPOSITE 
MEMBRANES TOWARDS POST-COMBUSTION 
CARBON CAPTURE 
Jinguk Kim, Qiang Fu, Sandra Kentish, Greg Qiao

Although recently developed polymeric membranes 
for CO2 separation often exceed the upper bound line, 
the total gas flux of  these membranes can be poor. 
This negative performance is induced by the thick 
selective layer. Therefore, the gas flux can be enhanced 
by reducing the layer thickness while maintaining 
the intrinsic gas separation properties. In addition, 
further enhancement in CO2 permeance and CO2 
separation from N2 can be achieved by incorporation 
of  CO2 selective nano-sized additives within a PEG-
based selective layer. By utilising a recently developed 
continuous assembly of  polymers (CAP) technology 
allowing defect-free, cross-linked and surface-confined 
thin films with nanometer scale precision, this research 
investigates the fabrication of  CAP ultra-thin film 
composite (UTFC) membranes and the development 
of  novel ultra-thin composite mixed matrix membranes 
(UFC-MMMs) incorporating hybrid organic-inorganic 
nanoparticles (i.e. iron dopamine nanoparticles (FeDA 
NPs)) and surface-functionalised SiO2 nanoparticles 
(SFSNPs), providing a future direction of  CAP UFC 
membranes for industrial use.

THE IMPACT OF FLUE GAS IMPURITIES 
ON THE PERFORMANCE OF CELLULOSE 
ACETATE MEMBRANE FOR CO2 SEPARATION 
Hiep Lu, Colin Scholes, Shinji Kanehashi, Sandra Kentish

Dense cellulose triacetate (CTA) membranes have 
been widely utilised in industrial gas separation 
processes. Their commercial readiness, as well as 
competitive gas separation performance, makes 
CTA an ideal candidate in capturing carbon dioxide 

(CO2). Unfortunately, the presence of  impurities in 
processing gases, including water, hydrogen sulphide 
(H2S) and oxides of  sulphur (SOx) and nitrogen (NOx) 
could upset the performance of  membrane units. 
Although the manufacture of  membrane modules for 
CTA is well developed, the effect of  these impurities, 
including the decline of  membrane performance by 
plasticisation, competitive sorption as well as the long 
term physical aging, is still not fully understood. 

This study investigates of  the impact of  water (pH 3 
– 13), SO2 and NO on CTA membrane permeation, 
including the kinetic sorption, gas separation 
performance and the aging effect. It is found that the 
acidic and neutral solutions plasticised and enhanced the 
membrane performance whereas the existence of  highly 
alkaline conditions decomposes the original membrane 
structure. The dependencies of  SO2 permeability on 
temperature and pressure in CTA membrane have 
provided a detailed database that will enable future 
modelling. Meanwhile, the aging of  CTA in SO2 and 
NO conditions throughout 60 days showed only minor 
impacts of  these impurities on membrane performance.

DEVELOPMENT OF NOVEL POLYMERIC 
MEMBRANES FOR CO2 CAPTURE 
Joel Scofield, Sandra Kentish, Greg Qiao

Thin film composite (TFC) membranes containing 
polymeric selective layers have been investigated for 
their carbon dioxide (CO2) separation performance as 
a potential technology for carbon capture and storage 
(CCS). One promising approach being considered to 
enhance membrane performance is the incorporation 
of  highly permeable additives into selective polymers, 
which are then coated onto membrane supports. 
Previous work using this approach has demonstrates 
improved membrane fluxes while maintaining 

M E M B R A N E  
S YS T E M S 

C A P T U R E  P R O G R A M
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selectivity towards CO2, which will lead to reduced 
separation costs.

Block copolymers are one class of  membrane materials 
being investigated. Polymers containing ethylene oxide 
segments have shown good separation due to favorable 
interactions between the CO2 and the ether oxide 
moieties. Recently block copolymers containing a PEG 
selective component have been designed to produce 
additives which are compatible with the selective 
matrix polymers, such as PEBAX. This approach 
enables the incorporation of  highly permeable 
component such as PDMS or fluorinated segments.

In 2015 we completed our study on block copolymer 
containing fluorinated segment with a range of  
different additives incorporated into TFC membrane 
active layers containing up to 60-70 wt. % of  the 
additive. The optimal block length of  the fluorinated 
component was found which demonstrated increases of  
up to 250% and 400% in the CO2 flux, with moderate 
drops in the CO2/N2 selectivity when blended with 
PEBAX® 2533. The use of  these additives was 
extended to higher selective and lower permeable 
grades of  PEBAX with the resulting TFC membranes, 
which sit well within membrane performance targets.

MIXED GAS AND VAPOUR SEPARATION 
PERFORMANCE IN MEMBRANES 
Colin Scholes, Geoff Stevens, Sandra Kentish

Membranes operate under mixed gas conditions in 
industry and therefore it is important to understand 
their separation performance under multiple feed 
gas conditions. Multiple gases present will compete 
with each other for sorption into the membrane and 
therefore influence permeability through a non-porous 
membrane. This often results in a reduction in CO2 
separation performance for most membranes due 
to the presence of  competitive sorption. If  vapours 
such as water or heavy hydrocarbons are also present, 
then their ability to condense within the polymeric 
matrix of  a membrane becomes critical in separation 
performance. Since these vapours can also lead 
to swelling or plasticization of  the membrane and 
ultimately membrane failure. Understanding and 
modelling multiple gas permeability and separation 
performance is important because it enables the novel 
polymeric membranes being developed to be simulated 
for industry gas conditions. This provides critical 
insight into whether their laboratory performance will 
withstand industry conditions.
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THE FABRICATION OF THIN FILMS ON 
HOLLOW FIBRE MEMBRANE CONTACTORS 
FOR PROMOTING THE ABSORPTION OF 
CARBON DIOXIDE 
Joel Yong, Sandra Kentish, Frank Caruso

Membrane contactor operations make use of  a 
hydrophobic membrane as a barrier between a 
gas phase and a liquid phase during the gas-liquid 
absorption of  CO2. The CO2 in the gas phase diffuses 
through the pores of  the membrane into the liquid 
solvent and can then be carried away for stripping and 
purification. However current membranes face serious 
issues with pore wetting which significantly reduces the 
rate of  CO2 mass transfer. Previous studies have shown 
that a monolayer chemical adsorption of  carbonic 
anhydrase (CA) onto membrane contactor surfaces 
can enhance the CO2 absorption activity significantly. 
We have developed a technique to fabricate a thin 
film containing CA in multilayers on top of  a porous 
flat sheet membrane through layer-by-layer (LbL) 
electrostatic adsorption. These CA films are found 
to be useful for enhancing the mass transfer of  CO2 
into potassium carbonate solvents. We are currently 
investigating the deactivation kinetics of  CA in long-
term absorption operations and will be looking into the 
adverse effects of  toxic gases on the activity of  the CA.

Economic delivery of  carbon dioxide to algal ponds 
Qi Zheng, Sandra Kentish, Greg Martin 
Due to the increasing CO2 concentration in the 
atmosphere, global warming is causing severe damage, 

such as sea level rise and ice melting. Researchers have 
tried several technologies such as chemical absorption, 
physical adsorption, membrane and cryogenic 
fractionation to capture CO2. These technologies either 
require high energy or are unable to operate at large-
scale. This project demonstrates a novel combination 
of  solvent absorption, membrane desorption and 
microalgal cultivation to capture carbon dioxide and 
convert it to a lipid-rich biomass. In the system, carbon 
dioxide is absorbed into a potassium carbonate solvent 
and this gas is desorbed directly into a microalgal 
medium via a non-porous polydimethyl siloxane 
(PDMS) hollow fibre membrane. This single step 
approach provides a paradigm shift in the cost of  carbon 
delivery to the microalgae, as the very large reboiler 
energy demand of  standard carbon capture solvent 
regeneration is avoided, as is the energy associated 
with gas compression. Specifically, the use of  a 20%wt 
potassium carbonate solvent with 0.2, 0.5 and 0.7 
CO2 loading was evaluated as a mechanism to deliver 
carbon dioxide to cultures of  a salt tolerant Chlorella 
sp. microalgae. In all cases, accelerated growth of  
Chlorella sp. was observed, relative to a control. The use 
of  carbonate solutions of  0.5 and 0.7 loading resulted 
in the highest volumetric productivity and biomass 
concentration by completely avoiding carbon limitation 
of  the cultures. The system has demonstrated potential 
for the generation of  biofuels that utilise carbon dioxide 
generated from power station flue gases with minimal 
parasitic energy demand.

M E M B R A N E  
S YS T E M S 

C A P T U R E  P R O G R A M
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CO2 CAPTURE FROM NATURAL GAS: 
DEVELOPMENT OF ADSORBENTS AND 
ACCOMPANYING PROCESSES 
David Danaci, Ranjeet Singh, Penny Xiao, Paul Webley

2015 saw the publication of  the CO2/CH4 
separation work on the ZIF materials, and the 
completion of  the data collection required to 
investigate their fundamental adsorption properties. 
Advances were made on the core-shell zeolite 
material and an approach was determined that 
would enable the successful synthesis of  this 
material. Work is still underway to achieve complete 
coverage of  the CH4 block layer however. Binary 
CO2/H2O data was not able to be collected on the 
fluorinated zeolite samples in order to determine 
the true cause of  the reduction of  H2O uptake 
and whether CO2 adsorption is hampered in the 
presence of  H2O. This work is on standby until 
a suitable apparatus is available to undertake this 
measurement. Work on a zeolite, ZSM-25 began 
as little work exists on this material and it initial 
works show it to be promising for CO2/CH4 
separation. Our work has shown that additional 
efforts are required on the reproducible synthesis 
of  the material and initial adsorption work has 
demonstrated that there may be an application 
in the kinetic separation of  CO2 from CH4 as the 
diffusion of  CH4 appears to be slower than CO2. 
2016 will see the completion of  the fundamental ZIF 
study, ideally a successfully synthesised core-shell 
zeolite and an outcome on the suitability of  ZSM-25 
for CO2/CH4 separations.

CONVERTING 3D RIGID METAL-ORGANIC 
FRAMEWORKS (MOFS) TO 2D FLEXIBLE 
NETWORKS VIA LIGAND EXCHANGE FOR 
ENHANCED GAS SEPARATION 
Yingdian He, Jin Shang, Qinfen Gu, Ranjeet Singh,  
Paul Webley

The last decade has witnessed intensive studies on 
gas adsorption and separation using flexible metal-
organic frameworks (MOFs), since their pore aperture 
size and pore volume can be tuned in response to 
external stimuli to achieve the desired separation 
performance. However, the number of  such flexible 
MOF candidates is relatively small compared with 
numerous rigid counterparts, because constructing 
phase-pure MOFs with flexible crystalline structure is 
difficult by traditional de novo methods. In this study 
we successfully develop a novel synthetic strategy, 
termed exchange method using acid-solvent synergy 
for metal-organic frameworks synthesis (EASY-MOFs), 
for constructing flexible MOFs from rigid parent 
structures. To the best of  our knowledge, this is the first 
study introducing flexible heterogeneity into a rigid 
structure via substantial structural rearrangement. As 
an illustrating example, one daughter material shows 
reversible transformation from a non-porous to porous 
structure induced by CO2 adsorption and exhibits 
enhanced gas separation selectivity compared with the 
parent. In particular, the daughter material exhibits 
superior ideal CH4/N2 selectivity of  8.2 at 10 bar at 
273 K, which is comparable to the highest numbers in 
the open literature and holds promise for recovering 
CH4 from low-grade natural gas. This work provides 
an alternative route to achieve rational material design 
for advanced gas separation and more information on 
interpretation of  substantial structural rearrangement 
via ligand exchange.

C A P T U R E  P R O G R A M

A D S O R B E N T 
S YS T E M S 
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ADAPTIVE MANAGEMENT SYSTEM FOR 
SUSTAINABLE BIOENERGY WITH CARBON 
CAPTURE AND STORAGE (BECCS) 
Nasim Pour, Paul Webley, Peter Cook 

This project concerns the sustainability of  bioenergy 
with carbon capture and storage (BECSS). In BECCS 
the CO2 derived from conversion of  the biomass 
to energy is not released to the atmosphere but is 
sequestered, transported and permanently stored 
in a suitable geological formation. The biomass for 
energy generation is seen as carbon neutral in that the 
carbon released to the atmosphere during conversion 
of  plant matter was first taken from the atmosphere 
during photosynthesis. Thus, a negative flow of  CO2 
from the atmosphere to the subsurface is established. 
The potential of  BECCS to remove atmospheric CO2 
in addition to generating energy makes it one of  the 
more attractive approaches to achieve the ambitious 
atmospheric temperature targets such as +2°C.

BECCS consists of  various variables such as type of  
biomass resource, conversion technology, CO2 capture 
process and storage. Each of  these pathways has its 
own environmental, economic and social impacts. 
The scope of  this study is to integrate these impacts 
into a three pillar sustainability framework. This 
framework is provided to assist decision-makers to 
evaluate sustainability of  different BECCS options in a 
transparent and timely manner. 

BECCS is an inherently evolving system and 
fundamentally influenced by ecological, economic 
and social changes. Accordingly, the sustainability 

of  such system is of  an evolving nature as well. For 
this reason, such system is better to be managed as 
an adaptive system so that could thrive in an ever-
changing environment. An adaptive management 
system allows its components to interact, react and 
coevolve. An essential part of  an adaptive system is 
a decision-making tool. Given multi-faceted nature 
of  BECCS, multi-criteria decision making (MCDM) 
methods are particularly suitable. The formulation 
of  the MCDM is as follows; first, a set of  alternatives 
for BECCS deployment are defined. To evaluate the 
sustainability of  these alternatives, the most important 
criteria regarding their technical, environmental, 
economic and social performances are evaluated.  
Based on the circumstances and importance of  each 
of  these criteria, they are weighted.  Then acceptable 
alternatives are introduced and ranked. A sensitivity 
analysis to examine the robustness of  the alternatives 
under different circumstances and preferences is 
executed. The Analytic Hierarchy Process (AHP) is 
chosen as the MCDM tool. APH is one of  the most 
widely applied decision making tools, which uses 
pairwise comparisons of  criteria to score and rank 
the alternatives. In evaluation of  all these criteria the 
whole BECCS supply chain from biomass production 
to CO2 storage is considered. 

The adaptive management system proposed in 
this study will then be applied to investigate the 
sustainability of  different BECCS options in the 
Australian energy sector.

ELECTRICAL SWING ADSORPTION:  

A D S O R B E N T 
S YS T E M S 

C A P T U R E  P R O G R A M
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A LOW ENERGY OPTION FOR CARBON 
DIOXIDE CAPTURE 
Qinghu Zhao, Penny Xiao, Paul Webley

Compared with conventional temperature swing 
adsorption (TSA), electric swing adsorption (ESA), 
as an emerging CO2 capture technology, has certain 
advantages including shorter regeneration time, and 
higher adsorbent regeneration efficiency. Most of  
studies of  ESA have been done with activated carbon 
monoliths from MAST Carbon (UK) as adsorbents 
without considering fluid dynamics in the monoliths 
channels. The lower CO2 adsorption capacity of  
activated carbon however, compared with zeolite, 
adversely affects its performance; its resistance is very 

small, and a high current has to be applied, which 
results in high heat loss. In this project we will develop 
zeolite/phenolic resin composites to form composite 
adsorbents to increase the adsorption capacity and 
resistance at the same time. In addition, we are using 
CFD based fluid profiles together with MATLAB 
adsorption models to simulate CO2 breakthrough 
and study how fluid dynamics factors affect CO2 
adsorption. Finally, we will combine Vacuum Swing 
Adsorption (VSA) with ESA to develop new EVSA 
process to increase the total system efficiency and 
reduce energy consumption.
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POLYMER METAL-ORGANIC FRAME- 
WORK COMPOSITE STRUCTURE FOR  
CO2 CAPTURE APPLICATIONS 
Ke Xie, Qiang Fu, Greg Qiao, Paul Webley

Metal-organic frameworks (MOF) are good 
candidates for gas separation due to their molecular 
sieving properties and high thermal stability. MOFs 
are cast into membranes (MOF membranes) or 
blended with polymer matrix to produce mixed-
matrix membranes (MMM). Neither of  these 
techniques is optimal as the resultant membranes can 
have poor mechanical strength, defect-prone features 
and processing difficulties.

In this study, the amino-functionalised MOF (NH2-
UiO-66) and the bromide functionalised MOF 
(Br@MOF) nanometric crystals (30~50 nm) were 
successfully prepared and characterised by XPS, XRD, 
TGA, SEM and TEM. Br@MOF was used to initiate 
the polymerisation of  polyethylene glycol acrylate 
(PEGA) via atom transfer radical polymerisation 
(ATRP), resulting in a polymer grafted MOF 
composite (P@MOF). P@MOF was firstly applied 
as the catalyst carrier by loading Pd nanoparticles. 
Owing to its absolute water dispersity and pH-sensitive 
aggregation-deaggregation nature, Pd loaded P@MOF 
integrated the advantage of  both high homogeneous 
(high activity) and heterogeneous (good recyclability) 
catalysts. Furthermore, the unique core-shell structure 
of  P@MOF implies its potential for gas separation 
MMM. Currently, CO2 separation measurements (over 
light gases like CH4 or N2) are being performed to 
reveal the CO2 capture capability of  the membranes.

HIGH MOLECULAR WEIGHT AMORPHOUS 
POLY(ETHYLENE OXIDE)/PEBAX® THIN 
FILM COMPOSITE MEMBRANE FOR CO2 

CAPTURE APPLICATIONS 
Qiang Fu, Andri Halim, Sandra Kentish, Greg Qiao

A multi-block high molecular weight amorphous 
poly(ethylene oxide)/poly(ether-block-amide) (HMA-
PEO/Pebax® 2533) thin film composite (TFC) blend 
membrane was fabricated for CO2 separation from 
light gas N2. The novel multi-block HMA-PEO 
copolymers (Mn ≈ 10 kDa) were synthesized via 
condensation polymerization. The Pebax® 2533/
HMA-PEO TFC blend membranes were prepared 
by blending up to 66 wt. % HMA-PEO relative to 
Pebax® 2533 and spin-coating the mixture on a highly 
permeable polydimethylsiloxane (PDMS) intermediate 
layer which was pre-coated onto a polyacrylonitrile 
(PAN) microporous substrate. Their ability to 
selectively separate CO2 from N2 was tested at different 
conditions: the temperature and pressure dependence 
of  gas permeance and selectivity was studied. The 
TFC blend membranes afforded a great improvement 
of  CO2 permeance (ca. 1,000 GPU) as a result of  the 
addition of  HMA-PEO. Furthermore, the selective 
layer presented outstanding CO2 separation properties: 
CO2 permeability of  780 Barrer and CO2 permeance 
of  2,000 GPU with CO2/N2 selectivity of  40. These 
results surpassed the most recent upper bound and 
make novel HMA-PEO to be an attractive additive for 
advanced CO2 separation membranes.

M AT E R I A L S  
D E V E LO P M E N T

C A P T U R E  P R O G R A M
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THIN-FILM COMPOSITE MEMBRANES 
CONSISTING OF TRIBLOCK COPOLYMERS 
FOR CO2 GAS SEPARATION 
Paul Gurr, Sandra Kentish, Greg Qiao

The aim of  this project is to improve the separation 
capabilities of  gas separation membranes through the 
synthesis of  novel block copolymers via controlled 
and precise chemical synthesis, analysis and testing. 
In recent approaches dense membranes have been 
fabricated to identify their permeability to CO2 and 
selectivity over other gases. Previous limitations in 
dense membrane manufacture have resulted in a 
more expedient alternative approach to membrane 
evaluation. Thin-film composite membrane substrates 
(TCM’s) have been prepared which consist of  stable 
polyacrylonitrile (PAN) substrates coated with a 
protective crosslinked polydimethylsiloxane (PDMS) 
layer. This protective, or gutter, layer affords a 
smooth surface to which very thin selective layers are 
applied. Our current goal, to achieve commercially 

competitive membranes, is to increase their CO2 
permeability whilst maintaining the relative flow of  
other gases (CH4, N2). We investigated a series of  
well-defined polymers consisting of  chemically and 
thermally resilient polyimide (PI) linked to flexible 
and permeable PDMS. TCM’s were prepared by 
spin-coating solutions of  these polymers onto PAN/
PDMS substrates and their gas performances were 
determined for five different gases (CO2, N2, CH4, 
H2 and O2). Improved wettability of  the typically 
incompatible polyimides with the PDMS substrate 
was achieved through varying the ratios of  each 
component in the PI-PDMS polymers. TCM’s were 
successfully prepared using polyimides with increased 
permeability to CO2 which had previously not been 
reported. Using similar synthetic approaches other 
classes of  polymers, which have previously been 
unable to form TCM’s, are being investigated with 
the aim to improve their gas separation properties 
within the commercial target range.
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CROSS-LINKED AMPHIPHILIC MICELLES 
BASED ON POLY(ETHYLENE GLYCOL)/
POLY(DIMETHYLSILOXANE) BRUSH 
DIBLOCK COPOLYMERS 
Andri Halim, Paul Gurr, Anton Blencowe, Sandra Kentish, 
Greg Qiao

A series of  well-defined amphiphilic brush diblock 
copolymers comprised of  hydrophilic poly(ethylene 
glycol) (PEG) and hydrophobic poly(dimethylsiloxane) 
(PDMS) were synthesised and characterised. 
Monomethyl ether PEG (MeO-PEG) was initially 
functionalised with 2-bromoisobutyryl bromide to 
afford a macroinitiator suitable for atom transfer 
radical polymerisation (ATRP). The MeO-PEGs and 
their functionalised derivatives were characterised 
by matrix assisted laser desorption ionisation time-
of-flight mass spectroscopy (MALDI ToF MS) 
and 1H nuclear magnetic spectroscopy (NMR). 
The macroinitiator was then chain extended via 
‘grafting through’ of  monomethacrylate PDMS with 
photoactive 2-(methylacyloyloxy)ethyl anthracene-

9-carboxylate embedded into the PDMS brush to 
yield photocrosslinkable PEG/PDMS brush diblock 
copolymers. The photocrosslinker and resulting 
PEG/PDMS copolymers were characterised with 1H 
and 13C NMR. ATRP afforded a series of  PEG/
PDMS brush diblock copolymers of  varying PEG 
to PDMS ratio with high conversions (88-96%) 
achieved for several molecular weights of  MeO-PEGs 
macroinitiator. Subsequent self-assembly of  these 
brush diblock copolymers in dimethylformamide 
afforded micelles with hydrodynamic diameters (dH) 
in the nanometer scale (56 to 205 nm), as determined 
by dynamic light scattering (DLS). Photocrosslinking 
of  micelle core was achieved upon exposure to 
UV-radiation (> 300 nm), and monitored using 
ultraviolet-visible spectroscopy (UV-Vis) analysis. 
Following re-dissolution in chloroform, DLS 
revealed that the micelles were stabilised by [4+4] 
photodimerisation of  the anthracene groups located 
in the PDMS core.

M AT E R I A L S  
D E V E LO P M E N T

C A P T U R E  P R O G R A M
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FEASIBILITY OF ENHANCED PERMEABILITY 
OF SILICICLASTIC RESERVOIRS BY 
GEOCHEMICAL STIMULATION 
Syed Anas Ali, Jay Black, Ralf  Haese

Large-scale CO2 injection and storage requires a 
sufficiently high rate of  CO2 injection as well as a 
sufficiently high storage capacity and long-term 
containment. Sandstones with permeability below 
approximately 100 mD may not be suitable for high 
injection rates as the pressure build-up becomes 
too large. In case of  the ZeroGen CCS project in 
Queensland (Australia) the low permeability of  
the targeted reservoir rock (Catherine Sandstone) 
was deemed too low and one reason to terminate 
further exploration. Low permeability can be found 
in a range of  rock types including fine grained and 
poorly sorted rocks as well as in rocks with mineral 
overgrowth. This project investigates the feasibility 
of  enhancing permeability to allow for higher CO2 
injection rates. The Catherine Sandstone and the 
overlaying Peawaddy Formation are part of  the 
Bowen Basin located in Central Queensland and 
will be used as a reservoir-seal play in a case study 
to assess the performance of  geochemical reservoir 
stimulation for the purpose of  enhanced CO2 
injectivity.

Preliminary 1D reactive transport modelling is 
completed simulating mineral dissolution in the 
Catherine Sandstone induced by acidic and alkaline 
solutions. Samples from the Catherine Sandstone 
were collected from outcrops in Central Queensland 
and will be used in laboratory experiments. The 
mineralogy of  the core samples is characterized by 
XRD and by thin section microscopy. The porosity 
and permeability of  the core samples are determined 
by water saturation tests and core flooding 

experiments. The new data will be incorporated into 
site specific reactive transport models evaluating 
the feasibility of  enhancing permeability through 
geochemical stimulation.

SUBSURFACE BARRIER FORMATION AS A CO2 
LEAKAGE MITIGATION TECHNOLOGY 
Cesar Castaneda, Geoff Stevens, Ralf  Haese

Long-term CO2 containment in a geological storage 
reservoir is a key criteria for successfully implementing 
carbon capture and storage (CCS), however, CO2 
leakage through different pathways cannot be 
completely ruled out in some instances. In this study we 
investigate the conditions for reactive barrier formation 
as a technology to mitigate and remediate CO2 leakage. 
We propose to inject a liquid reagent consistent of  an 
alkaline sodium-silicate solution on top of  the storage 
caprock, which will lead to silica mineral precipitation 
when in contact with an acidic, CO2-enriched fluid. 
This reaction will create a barrier that seals the leakage 
by reducing the permeability. Preliminary modelling 
has shown that the density, viscosity and alkalinity 
of  the reagent fluid are critical for a successful seal 
formation, whereas differences in formation water 
composition and in the rock mineral composition are 
less important. In order to study the reaction through 
experiments, different reagent solutions were prepared 
and characterised in terms of  silica concentration, 
density, viscosity and buffer capacity. Batch 
experiments and core-flood experiments will be carried 
out to characterise the reaction conditions and simulate 
barrier formation under reservoir conditions.

MODELLING TRANSPORT AND 

S T O R A G E  P R O G R A M

G E O C H E M I S T RY 
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GEOCHEMICAL REACTIONS AT THE  
PORE SCALE 
Apoorv Jyoti, Stephan Matthai, Ralf  Haese

Pore-scale modelling has become an important 
predictive tool for research relating to geological 
carbon storage as it accounts for heterogeneity of  the 
pore space geometry affecting single and multiphase 
transport and geochemical reactions. In this project we 
use micro-CT scanning as a state of  the art technique 
for the 3-dimensional visualization of  the rock texture 
with a resolution in the micro-metre scale range. 
Pore network data is extracted and used to simulate 
fluid and multiphase flow as well as geochemical 
reactions, for example, involving CO2-rich water. 
The multiphase flow simulator CSMP++ is used for 

the simulation of  single and multiphase flow. As the 
CSMP++ simulator has recently been coupled to 
the geochemical code GSMP, this study also aims to 
develop reactive- transport models at the pore scale. 
Complimentary laboratory core flood experiments will 
be performed to validate the predicted geochemical 
processes such as dissolution and precipitation and to 
relate them to observed changes in permeability and 
porosity. The latter will inform further development 
of  the reactive transport models. It is expected that 
an improved understanding of  pore-scale process 
accounting for heterogeneity can be used to improve 
the representation of  continuum scale processes.  

S T O R A G E  P R O G R A M

G E O C H E M I S T RY 
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THE IMPACT OF CO2 IMPURITIES (SO2, 
NOX, O2) ON MINERAL DISSOLUTION/
PRECIPITATION PROCESSES IN A CO2 

STORAGE RESERVOIR – FIELD-BASED 
RESULTS FROM THE CO2CRC OTWAY 
PROJECT SITE 
Hong Vu, Jay Black, Ralf  Haese

Geological carbon storage with the CO2 impurities 
O2, NOx and SO2 is increasingly considered, 
because the complete removal of  impurities is costly. 
Theoretical and laboratory-based studies have mostly 
focused on the formation of  sulfuric and nitric 
acid from SO2 and NOx, respectively, while redox 
reactions induced by the co-injection of  O2 have 
received little attention. 

A field experiment was carried out at the CO2CRC 
Otway Project site from October to November 2014, 
where pure CO2 (Test 1) and CO2 enriched with 
impurities (67 ppm SO2, 9 ppm NOx and 6150 ppm 
O2, Test 2) were mixed at depth with water leading 
to CO2 saturated water. The CO2 saturated water was 
then allowed to react with the reservoir at a depth 

of  1400 m (Paaratte Formation, Otway Basin) over 
a total of  23 days. Reservoir water at in situ pressure 
conditions was taken for analyses using the U-tube 
sampling system. Back-produced water from Test 
1 and 2 showed no evidence of  mineral dissolution 
due to an increase in acidity, which can be explained 
by the high level of  alkalinity effectively buffering 
the additional acidity. However, carbonate mineral 
dissolution (calcite, dolomite, siderite) was observed 
because of  the injection of  water depleted in total Fe, 
Ca2+, and Mg2+. Minerals containing those cations 
precipitated in the water holding tanks at surface 
during storage. Independently, co-injected O2 caused 
oxidation of  pyrite, resulting in rapid increase in 
SO42- concentration during the first three days of  
the subsurface incubation. Subsequently, the SO42- 
concentration dropped in the back-produced water, 
which may be explained by reduced pyrite oxidation 
at distance from the well bore. The interpretation of  
experimental results was supported by thermodynamic 
and reactive-transport modelling.
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Stephan Matthai

Simulations of  CO2 injection into the heterogeneous 
subsurface will be performed together with the Paul 
Scherrer Institute in Switzerland and Ralf  Haese, 
utilising his new core-flooding and imaging laboratory 
to constrain how porosity changes affect subsurface 
injectivity and aquifer permeability. The project 
employs the Complex Systems Modelling Platform 
(CSMP++) code for its simulations and, following 
successful negotiations, the University of  Melbourne, 
School of  Engineering has become a member of  
the Originators Group of  Universities of  CSMP++. 
This group now consists of  the ETHZ, Heriot Watt 
University, the Montanuniversitaet Leoben and 
Imperial College London. Its membership in the 
CSMP Originators Group will allow the Peter Cook 
Centre for CCS Research to develop its own software 
applications for geologic carbon sequestration.

The goal of  this program is to better understand 
the performance and storage capacity of  potential 
Australian storage complexes such as the Australian 
CCS Flagship sites and the CO2CRC Otway site. 
This shall be achieved by application of  novel more 
physically realistic simulation methods. 

A new collaboration with Professor Patrick Jenny, 
ETHZ in Switzerland, is investigating seismicity 
induced by subsurface fluid injection, and the 
prediction of  the magnitude of  induced earthquakes in 
particular. This work is important for the evaluation of  
the earthquake risks associated with the large-volume 
injection of  supercritical CO2.

R E S E RVO I R  
E N G I N E E R I N G

S T O R A G E  P R O G R A M
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S T O R A G E  P R O G R A M

MICROBIAL RESPONSES TO DENSE  
PHASE CO2 
Andre Mu, Ralf  Haese, Timothy Stinear, John Moreau

Microorganisms play an important role in the Earth’s 
carbon cycle and understanding their responses to 
anthropogenic carbon loading is an important area 
of  research. The aim of  this study is to determine 
the effects of  dense phase CO2 injection on the 
native aquifer microbial community. Understanding 
these effects are important for predicting how 
this community will respond metabolically and 
physiologically, and to determine whether undesired 
enrichment for certain microbial populations (e.g., 
methanogens) can occur. 

The persistence and increase of  Proteobacterial 
sequences and the apparent decline of  Firmicute-
like sequences post-CO2 injection suggests selective 

adaptation or recovery to changes in ground 
water chemistry as a result of  CO2 sequestration. 
The impacts of  an observed loss of  single carbon 
cycling genes central to the acetyl-CoA pathway 
of  the predominant, autotrophic Firmicute genus, 
Carboxydocella, have on the physiology of  the 
microbial community are unknown. Understanding 
the effects of  dense phase CO2 on microbial ecology 
at the genetic level can provide crucial insights to the 
formation and regulation of  biofilms under CO2 stress, 
and how biofilm formation may reduce CO2 leakage 
by reducing aquifer porosity. Recent publications 
(Mu et al. 2014, 2015) by our team in Frontiers in 
Microbiology present our detailed findings to date.

G E O M I C RO B I O LO G Y
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Postgraduate Students
CESAR CASTANEDA HERRERA received the 
Best Student Award at the 9th International Energy 
Agency (IEA) Greenhouse Gas Programme (IEAGHG) 
International Interdisciplinary CCS Summer School 
Summer held in Perth, WA, Australia, 6-12 December. 
Thirty international students participated in this 
intensive one-week course. The students learned 
through lectures and field excursions during the day 
and worked on group projects in the evening.

YUE (FRANK) Wu was awarded the Best Tutor in 
Chemical and Biomolecular Engineering Semester  
1 2015.

University Portfolio Holders
GEOFF STEVENS, Associate Dean (Engagement), 
Melbourne School of  Engineering

SANDRA KENTISH, Head of  Department of  
Chemical and Biomolecular Engineering, Appointed 
Associate Dean (Industry), Melbourne School of  
Engineering

JOHN MOREAU, Research Higher Degree Program 
Coordinator, School of  Earth Sciences

GREG QIAO, Assistant Dean (Research), Melbourne 
School of  Engineering

 
 
 
 

Serving the Scientific Community
CONFERENCE CONTRIBUTIONS

PETER COOK 
Chair, ATSE Unconventional Gas Conference 2015, 
Sydney, NSW, Australia, 22-23 September 2015.

Member, Expert Panel, Greenhouse Gas Control 
Technologies Conference (GHGT-13), Lausanne, 
Switzerland, 14-18 November 2016.

NATHAN NICHOLAS 
Moderator, Membranes & Fuel Cells Session,  
Asian Pacific Confederation of  Chemical 
Engineering (APCChE 2015) Congress 
incorporating Chemeca 2015, Melbourne, VIC, 
Australia, 27 September-1 October.

GREG QIAO 
Member, Conference Committee: 35th Australasian 
Polymer Symposium (35APS), Gold Coast, QLD, 
Australia, 12-15 July.

COLIN SCHOLES 
Member, Organising Committee and Convenor, 
Chem-E-Car Competition, Asian Pacific 
Confederation of  Chemical Engineering (APCChE 
2015) Congress incorporating Chemeca 2015, 
Melbourne, VIC, Australia, 27 September-1 October.

Moderator, Water & Wastewater Management & 
Processing Session, Asian Pacific Confederation of  
Chemical Engineering (APCChE 2015) Congress 
incorporating Chemeca 2015, Melbourne, VIC, 
Australia, 27 September-1 October.

AWA R D S  A N D 
AC H I E V E M E N T S
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Editorial Board Appointments
SANDRA KENTISH 
Editorial Board Member of  Recent Innovations 
in Chemical Engineering (Bentham Science), 
2007-present

Editorial Board Member of  Food Engineering 
Reviews (Springer), 2008-present

Editorial Committee Member of  Chinese Journal of  
Chemical Engineering (Elsevier)

Advisory Editorial Board, Sustainable Water 
Developments - Resources, Management, Treatment, 
Efficiency and Reuse, CRC Press

GREG QIAO 
Member of  the International Advisory Board for 
Macromolecular Bioscience (Wiley)

Member of  the International Advisory Board for 
Macromolecular Materials and Engineering (Wiley)

GEOFF STEVENS 
Member of  the Editorial Board of  the Elsevier 
journal Hydrometallurgy, 1994-present

Member of  the Editorial Board of  the Chemical 
Engineering Journal (Elsevier), 1999-present

Member of  the Editorial Board of  the Elsevier 
journal Separation and Purification Technology, 
2014-present

PAUL WEBLEY 
Member of  the Editorial Board and Separations 
Subject Editor, Chemical Engineering Research and 
Design, a publication of  the Institution of  Chemical 
Engineers.

Editorial Roles
RALF HAESE 
Co-Guest Editor with Linda Stalker of  a special 
edition of  Chemical Geology, 399, Measuring and 
predicting the geochemical impacts of  CO2 storage 
on reservoir rocks (2015).

JOHN MOREAU 
Associate Editor of  Geochimica et Cosmochimica 
Acta (Elsevier), 2013-present

GEOFF STEVENS 
Associate Editor of  the Taylor & Francis journal 
Solvent Extraction and Ion Exchange, 1996-present

Associate Editor-in-chief, Chinese Journal of  
Chemical Engineering, from 2013

PAUL WEBLEY 
Editor, Separation and Purification Technology,  
from 2014
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Other Roles
PETER COOK 
Appointed to the Energy and Resources Expert Group 
of  the Commonwealth Science Council, Australia

Witness, Nuclear Fuel Cycle Royal Commission 
established by the South Australian Government  
on 19 March 2015

Member, Technical Working Group, Coal Innovation 
NSW, an advisory council established by the NSW 
Government

Principal Adviser, CO2CRC Ltd

Member, Steering Committee, CarbonNet Project, 
Victorian Government

SANDRA KENTISH 
Research Advisory Committee: National Centre  
of  Excellence in Desalination, April 2010 onwards

Invited Professor, Centre for Water, Earth and the 
Environment, INRS, Canada

Chair, Review of  the School of  Chemical  
Engineering, University of  Queensland, July 2015.

GEOFF STEVENS 
Australian Representative on the International 
Committee for Solvent Extraction

International Honorary Member of  the Japan Society 
of  Ion Exchange (JSIE), 2011-present

PAUL WEBLEY 
Member of  the Board of  Directors, International 
Adsorption Society, since 2010

Public Outreach and Publicity

The following publicity resulted from the visit from Mr 
Michael J. Monea (SaskPower, Canada) to the Peter 
Cook Centre for CCS Research and CO2CRC Ltd:

Television interview on Sky News Australia:  
http://www.skynews.com.au/video/program_
agenda/2015/05/19/carbon-capture-and-storage-is-cost-
efficient.html

AC A D E M I C  A N D  
R E S E A RC H  S TA F F

A W A R D S  A N D  A C H I E V E M E N T S
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E N G AG E M E N T

Engaging with Japan
Members of  the Peter Cook Centre for CCS Research 
took part in a documentary for the NHK Enterprise 
(NEP).  NEP is an affiliated company of  NHK (Japan 
Broadcasting Corporation) that organises symposia and 
events and creates programmes for NHK. The film was 
used in one of  the sessions of  the “Start of  Hydrogen 
Energy Era” Energy Symposium in Japan on Tuesday 
18 November 2014. The documentary focused on 
Victoria’s research outcomes so far highlighting issues 
of  significance to CCS in Australia for Japan’s CO2 
reduction, the potential of  CCS and comments on 
Japan’s hydrogen chain project from the view point 
of  CCS development. The hydrogen project will 
be developed by Kawasaki Heavy Industries (KHI). 
The seven minute footage featured the University of  
Melbourne and the laboratory facilities at the Centre 
as well as other relevant locations around Victoria.

NEP also made a 50 minute programme about the 
symposium itself  which was broadcast throughout 
Japan on 31 January 2015.

Engaging with the Republic of  
China (Taiwan)
The Centre had the pleasure of  hosting a visit from the 
Taiwan delegation led by Mr Kuo-Yen Wei, Minister 
of  the Environmental Protection Administration of  the 
Republic of  China (Taiwan) in July 2014. The Taiwan 
EPA is actively learning and assessing the feasibility of  
promoting CCS in Taiwan to mitigate climate change 
and reduce carbon emissions. Minister Wei and the 
EPA delegation took the opportunity to discuss CCS 
research with the Centre’s research programme leaders 
and enjoyed a tour of  the research facilities. We believe 
that further exchange opportunities will arise from this 
initial connection.

The Peter Cook Centre for Carbon Capture and Storage Research was established with a view to building 
capability and an outstanding centre of  CCS excellence to underpin the deployment of  CCS technologies 
in Australia. The Centre has strong international collaborative links, with students, postdoctoral fellows 
and senior researchers from overseas, including China, Japan, South Korea, UK and USA. We highlight 
some of  the engagement activities with which the Centre took part in 2015.
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Engaging with China
The Australia-China Young Scientists Exchange 
Program (YSEP)

Dr Kathryn Smith was one of  13 Australians selected 
to visit China for 2 weeks in November 2015 as part 
of  The Australia-China Young Scientists Exchange 
Program (YSEP) which is a joint initiative funded by 
the Australian Department of  Industry Innovation 
and Science and the Chinese Ministry of  Science 
and Technology (MOST). It is supported by the 
Commonwealth of  Australia under the Australia-
China Science and Research Fund. 

YSEP aims to provide a catalyst to bring together 
future science leaders from Australia and China to 
foster long term relationships to 

• Increase early and mid-career Australian and 
Chinese researchers understanding of  the cultures, 
particularly the science and research practices and 
systems, of  the two countries;

• Develop the researchers’ leadership skills as future 
“science ambassadors” for Australia and China; 
and

• Provide a catalyst for future Australia-China 
research collaboration.

During the 2 week exchange Kathryn visited several 
universities and research institutions where she gave 
seminars related to CO2 capture and solvent extraction 
research and toured the hosts’ laboratories. Her 
hosts included the Chinese Academy of  Sciences in 
Beijing (Institute of  Process Engineering and Institute 
of  Engineering Thermophysics), Department of  
Chemical Engineering at Tsinghua University, School 

of  Chemical & Pharmaceutical Engineering at 
Hebei University of  Science & Technology and 
Qingdao Institute of  Bioenergy and Bioprocess 
Technology (QIBEBT) at the Chinese Academy of  
Sciences in Qingdao.

Engaging with Canada
2015 PCC DISTINGUISHED LECTURE 
The Peter Cook Centre inaugurated an annual 
Distinguished Lecture in 2015 and was fortunate to 
be able to have Mr Mike Monea of  SaskPower as the 
inaugural Distinguished Lecturer. Under Mike Monea, 
SaskPower  successfully commissioned the world’s first 
full scale CCS project on a coal-fired power station in 
2014. The Lecture focussed on what has been learned 
from the Boundary Dam Project and how it will 
influence the future approach of  SaskPower and other 
power companies to post-combustion capture and to 
CCS more generally

The Lecture programme included public presentations 
in Melbourne and Canberra and discussions with  
CO2CRC ( which co-sponsored the Programme), 
the Federal Minister for Resources, the Victorian 
Department of  Economic Development, the Electricity 
Supply Association, the Federal Departments 
of  Foreign Affairs and Trade, and Industry and 
Resources, The Minerals Council of  Australia and 
ANLEC. Extended discussions at the Centre and in the 
university more generally, resulted in the development 
of  proposals to facilitate closer cooperation between 
the Peter Cook Centre, SaskPower and the Boundary 
Dam Project. In all, the series of  presentations and 
discussions were very successful in spreading not only 
the lessons learned from Boundary Dam, but also in 
addressing the fallacy that CCS is ‘untested’. 
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The Boundary Dam Project is the most significant 
fully integrated power-based CCS project undertaken 
to date. It involves the large scale (100MW) retrofit of  
a solvent capture plant to a coal (lignite) fired power 
station, the transport, and the injection and storage 
of  1 MT of  CO2 per annum, much of  it as part of  
an enhance oil recovery (EOR) project, but also with 
provision for saline aquifer storage. The Boundary 
Dam Project, located in southern Saskatchewan, 
Canada, became fully operational in September 2014 
and has been notable for the success of  the entire 
operation since day 1. It is recognised as a world-
leading project. We were fortunate to be able to host 
Mike Monea in Australia to talk about the Boundary 
Dam Project and what has been learned from it. An 
article about his visit was published in The Australian 
newspaper.

The Centre for Water, Earth  
and the Environment (INRS), 
Quebec, Canada 
Professor Sandra Kentish is collaborating with the 
Centre for Water, Earth and the Environment (INRS) 
in Quebec, Canada to develop a process for the 
sequestration of  carbon dioxide into a mineral form. 
While the original target was to sequester the CO2 into 
asbestos residue, more recent work has also considered 
the use of  steel industry slags. Further, a grant 
application has recently been submitted to work with 
RioTinto Alcan on sequestration of  CO2 into red mud 
from the alumina industry. Sandra has been appointed 
as an invited Professor of  the INRS since 2011 in 
recognition of  her contribution to this work.

Engaging with Korea
The Korean translation of  Professor Cook’s book 
“Clean Energy, Climate and Carbon” was published 
in 2014 and discussions are underway with the aim of  
producing a Korean version of  his more recent book 
“Geologically Storing Carbon: Learning from the 
Otway Project Experience”.

Engaging locally
Global Engineering Debate on Energy 2015 
Professor Geoff Stevens took part in the Australian 
segment of  the IMechE’s Global Engineering Debate 
on Energy on 15 October 2015 at the University 
of  Melbourne. The debate was chaired by Neil 
Watt, Manager of  Network Strategy at CitiPower 
Pty & Powercor Australia. The panel addressed the 
question: “Which energy technologies should Australia 
expend most of  its resources in developing to meet its 
electricity needs out to 2050?”

The intention of  the Global Engineering Debate is to 
allow engineers and researchers working in the energy 
sector to discuss some of  the challenges surrounding 
technology development and deployment required 
to ensure the continued affordability, security, and 
environmental acceptability of  Australia’s electricity 
supply. Geoff Stevens spoke for Carbon Capture and 
Sequestration, Damian Natkhan, a chartered energy 
engineer, addressed Wind and Solar Power, Professor 
Robin Batterham the Kernot Professor of  Engineering 
at the University of  Melbourne spoke on Nuclear 
Power and John Young from Ord Minnett took on Gas-
fired Generation.
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Fundamentals of Geological 
Storage of CO2

With funding from the Global CCS Institute, the Peter 
Cook Centre for CCS Research has developed a course 
for postgraduate students and professionals from the 
Global CCS Institute member organisations. Presented 
by Dr George Carman, the intensive course of  lectures 
and practical exercises covers the workflow of  technical 

/scientific assessments, discussing common problems 
and industry best-practice to achieve safe and secure 
geological storage of  CO2. The course includes an 
introductory ‘back-story’ to carbon capture, utilisation 
and storage (CCUS), basin and play scale analyses 
and a focus onto portfolio management for storage site 
screening, storage site selection and site analysis for 
future appraisal and development operations.
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Keynote and Plenary Lectures
Cook, P. (2015) Drilling into the future of  
unconventional gas. Annual Conference of  the 
Australian Water Association (OzWater ‘15), Adelaide, 
SA, Australia, 12-14 May. (Keynote lecture)

Kanehashi, S. (2015) Mixed matrix membranes for 
carbon capture. International Workshop on Recent 
Progress on Membrane Separation and CO2 Capture, 
Fukuoka, Japan, 16-17 July. (Keynote lecture)

Kentish, S. (2015) Membrane contactors for carbon 
dioxide capture, International Workshop on Recent 
Progress on Membrane Separation and CO2 Capture, 
Fukuoka, Japan, 16-17 July. (Plenary lecture)

Conference and Meeting 
Presentations
Azizmohammadi, S. and Matthai, S. K. (2015) 
Dependence of  the equivalent permeability of  a 
fractured rock mass on fluid pressure and stress. SIAM 
Conference on Mathematical and Computational 
Issues in the Geosciences, Stanford, CA, USA, 29 June-
2 July.

Black, J., Vu, H.P. and Haese, R. (2015) Geochemical 
tracers for monitoring fluid mixing during a CO2 

-water injection field test. American Geophysical 
Union Fall Meeting (AGU2015), San Francisco, CA, 
USA, 14-18 December. (Poster presentation)

Crommelin, M (2015) Critical issues for the 
Asia Pacific Region. Asia Pacific CCUS Legal and 
Regulatory Forum (Global CCS Institute), Melbourne, 
VIC, Australia, 28 May 2015. (Panel presentation)

Hu, G.P., Nicholas, N.J., Kentish, S.E. and Stevens, 
G.W. (2015) Carbon dioxide absorption by promoted 
K2CO3 solutions: An overview. International 
Conference on Coal Science & Technology (2015 
ICCS&T), Melbourne, VIC, Australia, 27 September-1 
October.

Kanehashi, S., Chen, G., Scholes, C. and Kentish, 
S. (2015) The effect of  water on CO2 gas separation in 
mixed matrix membranes. Asian Pacific Confederation 
of  Chemical Engineering (APCChE 2015) Congress 
incorporating Chemeca 2015, Melbourne, VIC, 
Australia, 27 September-1 October. (Poster 
presentation)

Kanehashi, S., Chen, G.Q., Scholes, C.A. and 
Kentish, S.E. (2015) Effect of  water vapour on CO2 
separation performance in mixed matrix membranes. 
Pacifichem 2015: International Chemical Congress 
of  Pacific Basin Societies, Honolulu, HI, USA, 15-20 
December.

Kentish, S.E. (2015) Membranes for CO2 capture. 
HiPerCap - High Performance Capture Breakthrough 
Post Combustion Capture Technologies Workshop, 
Melbourne, VIC, Australia, 25-27 March.

Kentish, S.E. (2015) Shale gas research. State of  
Victoria & Universiti Teknologi Petronas (UTP) 
Research Energy Symposium, Kuala Lumpur, 26 
February.

Kentish, S.E., Zheng, Q., Martin, G.J.O. and 
Kanehashi, S. (2015) Capturing carbon dioxide 
using polymeric membranes – Recent results. 
Euromembrane, Aachen, Germany, 6-10 September.
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Kim, J., Fu, Q., Kentish, S. and Qiao, G. (2015) 
Development of  CO2 selective PEG-based ultra-thin 
film composite (UTFC) membranes for industrial 
applications. Asian Pacific Confederation of  Chemical 
Engineering (APCChE 2015) Congress incorporating 
Chemeca 2015, Melbourne, VIC, Australia, 27 
September-1 October. (Poster presentation)

Li, Z., Mumford, K., Smith, K., Wang, Y. and 
Stevens, G. (2015) Solution structure of  isoactivity 
equations for liquid–liquid equilibrium calculations 
using the NRTL model. Asian Pacific Confederation 
of  Chemical Engineering (APCChE 2015) Congress 
incorporating Chemeca 2015, Melbourne, VIC, 
Australia, 27 September-1 October. (Poster 
presentation)

Lu, H.T., Kanehashi S., Scholes, C.A., Kentish, 
S.E. (2015) The impact of  water on the gas 
separation performance of  cellulose acetate 
membranes. International Conference on Coal 
Science & Technology (2015 ICCS&T), Melbourne, 
VIC, Australia, 27 September-1 October. (Poster 
presentation)

Manasipov, R. and Matthai, S. K. (2015) Fault 
leakage analysis for geological CO2 sequestration using 
a coupled multiphase flow / geomechanics model 
with embedded discontinuities. SIAM Conference 
on Mathematical and Computational Issues in the 
Geosciences, Stanford, CA, USA, 29 June-2 July.

Matthai, S. K. (2015) 3D - 2D -1D - asynchronous 
in time: model-ling and simulating sub-surface systems 
more realistically with CSMP++. Saying Goodbye to a 
2D Earth, Margaret River, WA, Australia, 2-7 August.

 

Matthai, S. K., Manasipov, R. and Mosser, L. (2015) 
Hybrid finite element - Finite volume scheme for 
multiphase flow in geologic media with full tensor flow 
properties. SIAM Conference on Mathematical and 
Computational Issues in the Geosciences, Stanford, 
CA, USA, 29 June-2 July.

Mirza, N.R. (2015) Solubility of  carbon dioxide in 
choline chloride based deep eutectic solvents. Asian 
Pacific Confederation of  Chemical Engineering 
(APCChE 2015) Congress incorporating Chemeca 
2015, Melbourne, VIC, Australia, 27 September-1 
October. (Poster presentation)

Mu, A. and Moreau J. W. (2015) Deep aquifer 
prokaryotic community responses to CO2 
geosequestration. American Geophysical Union Fall 
Meeting (AGU2015), San Francisco, CA, USA, 14-18 
December.

Pour, N., Webley, P. and Cook, P. (2015) Bio-energy 
with carbon capture and storage (BECCS) – the 
potential for zero or negative carbon dioxide emission. 
ATSE-CERI Low Emissions Coal RD&D Workshop 
and 8th Official JCG Meeting, Perth, WA, Australia, 
4-6 February.

Pour, N., Webley, P. and Cook, P. (2015) Co-firing 
biomass and coal with CO2 capture and storage-
Technical implications and the potential for zero or 
negative CO2 emissions. International Conference 
on Coal Science & Technology (2015 ICCS&T), 
Melbourne, Vic, Australia, 27 September-1 October.

Qiao, G.G. (2015) Ultrathin composite membranes 
for CO2 separations. Pacifichem 2015: International 
Chemical Congress of  Pacific Basin Societies, 
Honolulu, HI, USA, 15-20 December.
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Scofield, J.M.P., Gurr, P.A., Kentish, S. and Qiao, 
G.G. (2015). Highly permeable PEG-fluorinated 
based block polymer for enhanced CO2 gas separation 
membranes. AMS-9: The 9th Conference of  the 
Aseanian Membrane Society, Taipei, Taiwan,  
19-21 July.

Shang, J. (2015) Discriminative separation of  CO2/
N2/CH4 using novel molecular trapdoor chabazites. 
Asian Pacific Confederation of  Chemical Engineering 
(APCChE 2015) Congress incorporating Chemeca 
2015, Melbourne, VIC, Australia, 27 September-1 
October. (Poster presentation)

Shang, J. (2015) Discriminative separation of  CO2/
N2/CH4 using novel molecular trapdoor chabazites. 
International Symposium on Zeolite and Microporous 
Crystals, Sapporo, Japan, 28 June-2 July.

Shang, J. (2015) Discriminative separation of  
CO2/N2/CH4 using novel molecular trapdoor 
chabazites: Materials and process study. 2nd Euro-
Asia Zeolite Conference, Nice, France, 25-28 January. 
(Poster presentation)

Smith, K., Thee, H., Nicholas, N., Da Silva, G., 
Kentish, S. and Stevens, G. (2015) Absorption of  
CO2 into amino acid promoted potassium carbonate 
solutions. Gordon Research Conference on Carbon 
Capture, Utilization & Storage, Easton, MA, USA, 31 
May-5 June. (Poster presentation)

Vu, H.P., Black, J. and Haese, R. (2015) The impact 
of  CO2 impurities (SO2, NOx, O2) on mineral 
dissolution/precipitation processes in a CO2 storage 
reservoir – Field-based results from the CO2CRC 
Otway Project site. American Geophysical Union Fall 
Meeting (AGU2015), San Francisco, CA, USA, 14-18 
December. (Poster presentation)

Wu, Y., Mumford, K., and Stevens, G.W.  (2015) 
Rate based modelling of  potassium carbonate 
precipitating absorber in carbon capture. Asian Pacific 
Confederation of  Chemical Engineering (APCChE 
2015) Congress incorporating Chemeca 2015, 
Melbourne, VIC, Australia, 27 September-1 October. 
(Poster presentation)

Yong, J. K. J., Caruso, F., Stevens, G. W. and 
Kentish, S. E. (2015) The fabrication of  ultrathin 
films containing carbonic anhydrase on microporous 
polypropylene membranes for improving membrane 
contactor operations. Asian Pacific Confederation 
of  Chemical Engineering (APCChE 2015) Congress 
incorporating Chemeca 2015, Melbourne, VIC, 
Australia, 27 September-1 October. (Poster 
presentation)

Zheng, Q., Martin, G. and Kentish, S. (2015) 
Economic delivery of  carbon dioxide to algal ponds. 
Asian Pacific Confederation of  Chemical Engineering 
(APCChE 2015) Congress incorporating Chemeca 
2015, Melbourne, VIC, Australia, 27 September-1 
October. (Poster presentation)
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Invited Lectures and Seminars
Hu, G.P., Nicholas, N.J., Kentish, S.E., Stevens, 
G.W. (2015) Carbon dioxide absorption by promoted 
K2CO3 solutions. HRLTechnology, Melbourne, VIC, 
Australia, 22 April.

Matthai, S. K. (2015) Simulation of  CO2 migration 
from the pore- to storage complex scale. Department 
of  Petroleum Engineering, Curtin University, Perth, 
WA, Australia, 28 May.

Matthai, S. K. (2015) Fractured rock multiphase flow:  
New insights from a new generation of  numerical 
models. School of  Petroleum Engineering, UNSW, 
Sydney, NSW, Australia, 4 December.
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Refereed Journal Articles
Black, J.R., Carroll, S.A. and Haese, R.R. (2015) Rates 
of  mineral dissolution under CO2 storage conditions. 
Chemical Geology, 399, 134-144.

Chen, G.Q., Kanehashi, S., Doherty, C.M., Hill, A.J. 
and Kentish, S.E. (2015) Water vapor permeation 
through cellulose acetate membranes and its impact 
upon membrane separation performance for natural 
gas purification. Journal of  Membrane Science, 487, 
249-255.

Danaci, D., Singh, R., Xiao, P. and Webley, P.A. (2015) 
Assessment of  ZIF materials for CO2 capture from high 
pressure natural gas streams. Chemical Engineering 
Journal, 280, 486-493.

Dixon, T., McCoy, S.T. and Havercroft, I. (2015) Legal 
and regulatory developments on CCS. International 
Journal of  Greenhouse Gas Control, 40, 431-448.

Haese, R.R. and Stalker, L. (2015) Measuring and 
predicting the geochemical impacts of  CO2 storage on 
reservoir rocks. Chemical Geology, 399, 1-1.

He, Y.D., Shang, J., Gu, Q.F., Li, G., Li, J.Y., Singh, 
R., Xiao, P. and Webley, P.A. (2015) Converting 3D 
rigid metal-organic frameworks (MOFs) to 2D flexible 
networks via ligand exchange for enhanced CO2/N-2 
and CH4/N-2 separation. Chemical Communications, 
51, 14716-14719.

Higgs, K.E., Haese, R.R., Golding, S.D., Schacht, U. 
and Watson, M.N. (2015) The Pretty Hill Formation as 
a natural analogue for CO2 storage: An investigation 
of  mineralogical and isotopic changes associated with 
sandstones exposed to low, intermediate and high CO2 
concentrations over geological time. Chemical Geology, 
399, 36-64.

Horner, K.N., Schacht, U. and Haese, R.R. (2015) 
Characterizing long-term CO2-water-rock reaction 
pathways to identify tracers of  CO2 migration during 
geological storage in a low-salinity, siliciclastic reservoir 
system. Chemical Geology, 399, 123-133.

Kanehashi, S., Chen, G.Q., Ciddor, L., Chaffee, A. 
and Kentish, S.E. (2015) The impact of  water vapor 
on CO2 separation performance of  mixed matrix 
membranes. Journal of  Membrane Science, 492,  
471-477.

Kanehashi, S., Chen, G.Q., Scholes, C.A., Ozcelik, 
B., Hua, C., Ciddor, L., Southon, P.D., D’Alessandro, 
D.M. and Kentish, S.E. (2015) Enhancing gas 
permeability in mixed matrix membranes through 
tuning the nanoparticle properties. Journal of  
Membrane Science, 482, 49-55.

Kentish, S.E., Kloester, E., Stevens, G.W., Scholes, 
C.A. and Dumee, L.F. (2015) Electrodialysis in 
aqueous-organic mixtures. Separation and Purification 
Reviews, 44, 269-282.
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Khalilpour, R., Mumford, K., Zhai, H.B., Abbas, A., 
Stevens, G. and Rubin, E.S. (2015) Membrane-based 
carbon capture from flue gas: A review. Journal of  
Cleaner Production, 103, 286-300.

Lau, C.H., Konstas, K., Doherty, C.M., Kanehashi, 
S., Ozcelik, B., Kentish, S.E., Hill, A.J. and Hill, 
M.R. (2015) Tailoring physical aging in super glassy 
polymers with functionalized porous aromatic 
frameworks for CO2 capture. Chemistry of  Materials, 
27, 4756-4762.

Lee, A., Wolf, M., Kromer, N., Mumford, K.A., 
Nicholas, N.J., Kentish, S.E. and Stevens, G.W. (2015) 
A study of  the vapour-liquid equilibrium of  CO2 in 
mixed solutions of  potassium carbonate and potassium 
glycinate. International Journal of  Greenhouse Gas 
Control, 36, 27-33.

Li, S., Jin, H., Mumford, K.A., Smith, K. and Stevens, 
G. (2015) IGCC precombustion CO2 capture using 
K2CO3 solvent and utilizing the intercooling heat 
recovered from CO2 compressors for CO2 regeneration. 
Journal of  Energy Resources Technology-
Transactions of  the ASME, 137, 042002-042002-9. 
doi:10.1115/1.4029964.

Li, Z., Mumford, K.A., Smith, K.H., Chen, J., Wang, 
Y. and Stevens, G.W. (2015) Reply to “Comments 
on ‘Analysis of  the nonrandom two-liquid model for 
prediction of  liquid-liquid equilibria’”. Journal of  
Chemical and Engineering Data, 60, 1530-1531.

Li, Z., Smith, K.H., Mumford, K.A., Wang, Y. and 
Stevens, G.W. (2015) Regression of  NRTL parameters 
from ternary liquid-liquid equilibria using particle 
swarm optimization and discussions. Fluid Phase 
Equilibria, 398, 36-45.

Ling, J.H., Ntiamoah, A., Xiao, P., Webley, P.A. and 
Zhai, Y.C. (2015) Effects of  feed gas concentration, 
temperature and process parameters on vacuum swing 
adsorption performance for CO2 capture. Chemical 
Engineering Journal, 265, 47-57.

Mirza, N.R., Nicholas, N.J., Wu, Y., Kentish, S. and 
Stevens, G.W. (2015) Estimation of  normal boiling 
temperatures, critical properties, and acentric factors 
of  deep eutectic solvents. Journal of  Chemical and 
Engineering Data, 60, 1844-1854.

Mirza, N.R., Nicholas, N.J., Wu, Y., Mumford, K.A., 
Kentish, S.E. and Stevens, G.W. (2015) Experiments 
and thermodynamic modeling of  the solubility of  
carbon dioxide in three different deep eutectic solvents 
(DESs). Journal of  Chemical and Engineering Data, 
60, 3246-3252.

Mu, A. and Moreau, J.W. (2015) The geomicrobiology 
of  CO2 geosequestration: A focused review on 
prokaryotic community responses to field-scale CO2 
injection. Frontiers in Microbiology, 6, 263. doi: 
10.3389/fmicb.2015.00263.
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G.W. (2015) Review of  solvent based carbon-dioxide 
capture technologies. Frontiers of  Chemical Science 
and Engineering, 9, 125-141.

Ntiamoah, A., Ling, J.H., Xiao, P., Webley, P.A. and 
Zhai, Y.C. (2015) CO2 capture by vacuum swing 
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