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contents

WELCOME
Welcome to another issue of UQEInews. In this
issue we consider the importance of partnerships,
agreements and commitments to set the world on
a path to achieving deep cuts in anthropogenic
greenhouse gas (GHG) emissions to avoid the most
severe consequences of climate change.
While striving to achieve deeps reductions in emissions
we are at the same time striving to meet a doubling
in growing global energy demand by mid-century,
needed to support the large and growing populations
with rising need for food, water and modern energy
services. Fossil fuels still account for 80% of global

energy supplies, and it is a high risk approach to
dismiss scenarios in which they remain a significant
component of the mix for several decades. So can we
meet ambitious carbon mitigation goals without CCS?
We thank you for your support and feedback
throughout the year, and we look forward to engaging
with you on global energy challenges in 2016. Best
wishes for a safe and enjoyable festive season.
Professor Chris Greig
Director, UQ Energy Initiative
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EDITORIAL
CALL TO ACCELERATE CCS
EFFORTS

Technology	
  

By Chris Greig1 and Robert H. Williams2
As policy makers, businesses and NGOs take
negotiations to the wire at the UN Climate Change
conference in Paris it is important that partnerships,
agreements and commitments be made to set the
World on a path to achieving deep cuts in anthropogenic
greenhouse gas (GHG) emissions to avoid the most
severe consequences of climate change. Delaying action
to mitigate GHG emissions will increase the risks and the
costs to society and to our businesses.
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possible so as to facilitate learning-by-doing,
cost reductions and knowledge sharing. Such
early-mover deployment must occur where
learning-by-doing will be maximised which means
those countries where the market is large and
the OEM’s are present and active. Asia and North
America in particular have significant potential.

Effective and transparent market mechanisms
are necessary to drive more efficient production
and utilisation of energy with reduced GHG
CCS	
  
emissions intensity. However market mechanisms
alone will not be sufficient to drive the required
innovation and widespread deployment needed
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in the period to mid-century to increase the
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At the global level, large and growing populations are in
reliability and affordability of all low emissions
very early stages of development with rising needs for
energy production including CCS applications
food, water and the modern services that are available
for stationary fossil fuel and biomass utilisation.
Government	
  
to those in the industrialized world. Carbon mitigation
Strong government, multi-industry and NGO
objectives must therefore be met while simultaneously
leadership, collaboration and support for CCS
satisfying a doubling in global energy demand by
are essential, along with substantial incentives
mid-century needed to support this
	
   population and
	
   large investments
to mobilise the necessary
CCS requires collaboration between researchers and educators,
development growth.
in research, development, demonstration and
industry and government
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  requires	
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  industry	
  and	
  government	
  
deployment.
In contrast to the impressive advances
in progressing
near zero-carbon renewable energy production and
Agreements in Paris must commit governments,
utilisation during the past two decades, efforts towards
industries and communities to support the
CCS is the only credible technology for realizing deep
deployment of carbon capture and storage (CCS)
effort to drive the innovation and mobilize the
reductions in emissions arising from fossil fuel use in power
have disappointed, largely because of high costs and
investments needed to enable CCS to make its
generation and industrial processes for materials such as
inadequate government support for first-of-a-kind
contribution toward realization of a low-carbon
cement, steel and plastics. Moreover, CCS may also be
projects. Fossil fuels however, still account for 85% of
future that can enable needed economic
needed for sustainable biomass energy to provide the negative
global energy supplies and it is a high risk approach
development throughout the world that is both
emissions needed to meet ambitious carbon mitigation goals.
to dismiss scenarios in which they will continue to
environmentally sound and economically efficient.
These are the major reasons why, in its 5th Assessment Report,
represent a major source of the World’s primary
This month’s Energy 101 looks at CCS with
the IPCC reached the judgment that without CCS, mitigation
energy supplies for several decades. In fact, despite
specific attention to power generation.
costs will be much higher and that emissions reduction
a slowing of coal demand growth in China, its large
goals
may
not
be
achievable.
fleet of young coal fired-generation along with growth
1
UQ Energy Initiative, The University of Queensland
in other developing countries like India and Southeast
We have a high degree of confidence that CO2 can be captured
2
Andlinger Centre for Energy & Environment, Princeton
Asia, virtually assures a lock-in of significant increases
from stationary sources and effectively and safely stored in
University
in CO2 emissions for decades to come. Steckel3 et al
appropriate underground reservoirs and under appropriate
3
Steckel, J.C., Edenhoffer, O. And Jakob, M. (2015),
highlighted this renaissance of coal occurring in these
regulations. High costs for early-mover projects are inevitable,
PNAS Jul 2015, E2775-E3781
countries earlier this year.
but it is critical that such investments proceed as soon as
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GLOBAL ENERGY NEWS
OPEN ACCESS TO SPATIAL INFORMATION FOR THE ENERGY INDUSTRY
Led by National ICT Australia (NICTA) with the support of
ARENA, Geoscience Australia and the Clean Energy Council, the
AREMI (Australian Renewable Energy Mapping Infrastructure)
project provides free, open access to spatial data for the energy
industry.
The open source, three dimensional mapping platform converts
and visually displays information in a standard web browser.
It provides access to multiple geospatially tagged datasets of
various formats in one location. For example, it can be used
to compare mapping data; electricity, geothermal and land
use data from Geoscience Australia; water and climate data
from the Bureau of Meteorology; solar data from other ARENA
projects; and statistics from the Australia Bureau of Statistics.
Users can also overlay multiple data sets such as population,
infrastructure, power utilities and protected habitats.
As noted by ARENA, which is providing up to $2.1 million in
funding toward the project, “a large amount of mapping data
and information relevant to the renewable energy industry
is currently collected and housed by different agencies
and institutions. However, there is no central source for
this information and finding it can be time consuming and
challenging. The AREMI project will consolidate data currently
housed by multiple organisations such as Geoscience Australia,
the Bureau of Meteorology and CSIRO.”

tracking and promoting projects in their region. The AREMI
platform enables financiers and investors to explore the
potential success of proposed ventures. AREMI also acts
as a repository for ARENA-funded mapping projects to
enable their access in one consolidated location.”

According to NICTA, “energy project developers can freely
access spatial information such as existing electricity
infrastructure to assist with site identification. State and local
governments can use the open data AREMI provides to assist
with environmental and regulatory planning approvals, and

Link to AREMI

AUSTRALIAN POWER GENERATION
REPORT RELEASED

CAMBODIA CONSIDERS NUCLEAR
POWER CAPABILITIES

The Australian Power Generation Technology Report is
an unbiased, technology-neutral review of a broad range
of renewable and non-renewable power generation
technologies, both in 2015 and out to 2030. The landmark
study is the result of a collaboration of 45 industry,
government, academic and non-government organisations,
including US-based Electric Power Research Institute,
CSIRO and The University of Queensland.

To meet rising energy demand Cambodia relies heavily
on imported fuel from neighbouring countries. In addition
to the $3 billion in foreign investment it is pursuing to
build six hydropower plants (of various capacities ranging
from 20 to 2600 MW) by 2018, the government is now
exploring the possibility of nuclear power.

Prepared in advance of the UN climate change conference
in Paris, the report is the most detailed study produced in
Australia examining the costs and performance of electricity
technologies. Findings demonstrate that Australia’s future
power generation mix needs to be diverse, and any low
carbon transition is likely to be costly.
According to report Chair and CEO of CO2CRC, Tania
Constable, “this report shows we’ll be reliant on a
combination of renewable and non-renewable technologies
through to 2030, and that supporting technologies will help
us to deliver efficiencies and lower emissions.”
Furthermore, “carbon capture and storage ... is crucial to
meeting global CO2 targets.”
Link to Report
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AREMI infrastructure, with electricity power stations and
transmission lines visualised on AREMI

The project is scheduled for completion by July 2016.

The Russian government recently announced an MOU
was signed during a visit by Prime Minister Dmitry
Medvedev. Under the terms of the agreement, Russia is
expected to provide expertise, research and training to
Cambodia. This will likely include helping to engineer,
build and operate a research reactor and research centre
in Cambodia.
The announcement comes after Cambodian Prime
Minister Hun Sen previously rejected speculations
around developing nuclear energy, however some within
government have commented that nuclear power plants
cannot be avoided as part of longer term energy targets.
Questions remain as to Cambodia’s engineering and
law enforcement capacity to handle a project as
complex as a nuclear reactor. The government must
overcome the 10–15 year hurdle of meeting the 19
milestones as defined by the International Atomic
Energy Agency, including the creation of a regulator, a
legislative framework, a robust grid, financing availability,
environmental protection and others.

FUNDING FOR CCS
DEVELOPMENT WITHDRAWN
BY THE UK GOVERNMENT
The European carbon capture and storage sector is
reeling after it was announced a flagship £1 billion
UK programme to fund CCS projects is no more.
The Department of Energy and Climate Change
reached this decision less than six months after
the Minister indicated the government’s continued
commitment to carbon capture and storage while
speaking to the Energy and Climate Change
Committee in July. Many European companies
were working towards a share of the £1 billion
financial backing and have spent the last few years
laying the groundwork for these projects.
Worldwide there have been concerns in both the
public and private sectors regarding the costs
involved in setting up CCS projects, especially for
power generation. To date there is one coal-fired
power generation station that is fully operational
at industrial scale – SaskPower’s Boundary Dam
project in Canada. As noted by Dr Jenifer Baxter,
Head of Energy and Environment at the Institution
of Mechanical Engineers, “we will only be able to
properly assess the viability of UK CCS upon the
successful delivery of a demonstration project.”
Furthermore, cancelling CCS funding and other
recent government decisions to phase-out coalfired power plants by 2025 suggests “the UK looks
set to experience a new dash for gas. Without CCS
technology this will mean we are locking ourselves
in to relying on unabated fossil fuel power for
generations to come.”
High-profile CCS projects in the UK include Shell’s
Peterhead project (in Scotland) and Capture
Power’s White Rose (at Drax power station in
England). The impact on these projects remains to
be seen, however business as usual in the absence
of government support is challenging.
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GLOBAL ENERGY NEWS
CLIMATE CHANGE AUTHORITY
RELEASES DRAFT REPORT ON
AUSTRALIA’S CLIMATE POLICY OPTIONS
The CCA recently released the second report in its Special
Review of Australia’s climate change polices and goals. The
draft report explains how the CCA will evaluate policy options
using three key principles: cost effectiveness, environmental
effectiveness and equity. The report also looks at how climate
policy can affect international competitiveness.
As noted by the acting chair Stuart Allinson, "good policies
reduce emissions at low cost and can be readily scaled up
to achieve greater emissions reduction if and when needed.
Policies with these characteristics are more likely to attract
broad support and provide a stable and predictable basis for
new, long-lived investments."
Australia's Emissions Reduction Fund has been categorised as
the voluntary government purchase of emissions reductions.
While the indirect and transaction costs are relatively low,
the CCA has warned that there is a risk of becoming fiscally
unstable at a larger scale. Accordingly, the CCA believes now
is the time to review policy options for Australia, including
the various forms of emissions trading schemes, with a view
to reopening public discussion on Australia’s contribution to
global mitigation efforts.
Link to Special Review

BIOENERGY FUND TO UNLOCK
WASTE-TO-ENERGY OPPORTUNITIES
A new Australian Bioenergy Fund has been established to
accelerate and widen the market update of bioenergy and
energy from waste technologies. Supported by the Clean
Energy Finance Corporation (CEFC) via a $100 million
commitment, the aim is to raise $200 million in equity.
Managed by the Forsight Group, which manages funds on
behalf of the UK Green Investment Bank and the European
Investment Bank, the Fund will invest in a range of
technologies. These include energy from waste, anaerobic
digestion, sustainably sourced biomass-to-energy projects,
landfill gas capture, wood pelletisation (where forestry
plantation waste is converted into pellets that can be burned
as fuel) and the production of biofuels.
The CEFC estimates that there is the potential to double
bioenergy output in the next five years. According to Oliver
Yates, Chief Executive of the CEFC, “There is significant
potential in the bioenergy sector. Australia is delivering just
0.9 per cent of our electricity output from bioenergy, which is
well below the OECD average of 2.4 per cent.
“Our own investment pipeline has identified about $3 billion
of bioenergy sector projects that could be developed. Much
of the opportunity in the sector consists of small-scale
operations which have found it difficult to attract equity
support and institutional investors.”
The fund is focusing on small-scale anaerobic digestion
to mid-scale energy from waste projects, with equity
investments in projects ranging from $2 million to $100
million.
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INVESTMENT IN CLEAN ENERGY RESEARCH AND DEVELOPMENT
TO DOUBLE
“Mission Innovation” has been announced at the
UN climate summit in Paris. Through the initiative
20 countries (representing 80% of global clean
energy research and development budgets) are
committing to double their respective clean energy
research and development (R&D) investment over
five years.
The participating countries include Australia, Brazil,
Canada, Chile, China, Denmark, France, Germany,
India, Indonesia, Italy, Japan, Republic of Korea,
Mexico, Norway, Saudi Arabia, Sweden, the United
Arab Emirates, the United Kingdom and the US.
For Australia, this means that investment in clean
energy research and development will rise to
around $200 million by 2020.

In recognising the need for public sector
investment to be supported with private sector
investment the Breakthrough Energy Coalition has
been established. With the aim to invest substantial
levels of private capital in clean energy, focusing
particularly on early-stage innovations, this parallel
initiative – spearheaded by Bill Gates – includes
a coalition of over 28 significant private capital
investors from 10 countries.
The precise details of Australia's spending are
expected to be released in an upcoming innovation
statement.
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UPCOMING EVENTS

MASTER OF ENERGY STUDIES ENTERS NEXT PHASE OF GROWTH AT UQ
Over the past four years the International Energy Centre
has developed a world-class Master of Energy Studies
(MES) program. With the support of The University
of Queensland (UQ), University of Western Australia,
University of Newcastle and industry partner Glencore,
the program has gone from strength to strength
providing an opportunity for individuals to gain a deeper
understanding and appreciation of the energy sector.
The MES was established to develop a new type of
energy professional. It has long been the case that in
both industry and the research sector, professionals
have worked in specialised areas with close attention
to their specific expertise and responsibilities. This
has resulted in isolated silos of professional practice,
incapable of addressing the complex challenges of
modern business. The MES aims to break down these
barriers, and to create a practitioner who understands
different disciplinary tools and perspectives, and is
able to integrate these within broader frameworks. This
new type of professional will understand the complex
nature of energy generation, distribution, and supply;
the crucial roles of finance, technology, and regulation
in business development and project management; and
the critical importance of social license and shared value
in the dynamic socio-economic energy landscape. Just
as importantly, these new professionals will be able to
communicate effectively and have a deep understanding
of risk, innovation, and sustainability – the key drivers
and themes of change.

Program HigHligHtS

As of 1 January 2016 the MES will transition to UQ to lead
its postgraduate energy-related offerings. Recently listed as
a finalist in UQ’s 2015 Awards for Excellence in Teaching and
Learning, the MES will continue to be delivered in association
with collaborating university and industry partners and offers
strong synergies with UQ’s well-regarded energy sector
education, engagement and outreach activities.
Going forward the transdisciplinary nature of the MES will
continue and be improved to reflect the changing domestic
and international energy sector landscape. Course highlights
include a 2-day orientation workshop in Gladstone, site visits
and networking opportunities, flexible delivery mode and a mix
of assessment items to develop various skill sets.
The program is structured for full-time and part-time study.
The full-time MES program is taught over three semesters (a
year and a half) with a study load of four courses per semester.
The part-time MES program is taught over six semesters (three
years) with a study load of two courses per semester. Students
can conduct their final Professional Projects in Australia or
overseas (scholarship and visa conditions permitting).

PProgram
rogram
HigHligHtS
applications to commence in Semester 1, 2016 must
be submitted to UQ by 31 January, 2016.

MES travel
bursaries
are available to domestic students
FLEXIBLE
WORK/STUDY
Intensive Mode ofthe
Delivery
commencing
MES program either in part-time or full-time
study mode in 2016. Recipients receive AU$1,000 to cover
travel costs associated with MES courses delivered at the
University of Western Australia and the University of Newcastle.
Bursary applications close 11 December 2015PRACTICAL
– apply now.
EXPERIENCE
Each course is delivered in intensive mode over five
consecutive days at one of the three universities
around Australia (see map page 9). Students also
participate in online tutorials and seminars, with
assessment items due in the six weeks following
each intensive. This is a successful, flexible mode
that fits with work demands and caters to learning
needs of students.

Program HigHligHtS

Hands On

2015 Asia-Pacific Solar Research Conference

8–10 December, in Brisbane
The Conference provides a unique opportunity to combine
the annual research reviews of Australia’s key solar
research groups, representing researchers from around
the region.
Link to website

5th International Conference on Advances in Energy
Research
15–17 December, in Mumbai, IND
IIT Bombay’s Department of Energy Science and
Engineering announces the 5th International Conference
on "Advances in Energy Research" provides an excellent
platform to take stock of current status in research and
development in energy, discuss new developments and
finally look at the challenges ahead.
Link to website

World Future Energy Summit

18–21 January 2016, in Abu Dhabi, UAE
Dedicated to advancing future energy, energy efficiency and
clean technology, it’s where government leaders, thought
leaders, entrepreneurs, investors and thousands of visitors
come together to experience the latest developments in
future energy.
Link to website

UQ/Rio Tinto/EPIA Energy Exchange Series
Breakfast
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ORIENTATION WORKSHOP.

UQEI Energy Express Seminar

9 February 2016, at The University of Queensland
Hosted by The UQ Energy Initiative, this is the first seminar
in the UQEI Energy Express Seminar Series for 2016.
Keynote speaker Professor Emeritus Robert H. Socolow
will share his views on the truths we must tell ourselves to
manage climate change.

Program HigHligHtS

Program HigHligHtS

Link to website

5th IAEE Asian Conference

14–17 February 2016, in Perth
The Conference will discuss solutions to meeting what is
expected to be continuing enormous growth in Asian energy
demand over the next few decades. It will be particularly
beneficial for energy economists in academia, industry
and government, analysts, and policy-makers who have an
interest in meeting Asian demands for energy.
Link to website

Electricity Storage Future Forum 2016

23–25 February 2016, in Sydney
The Electricity Storage Future Forum is a three-day forum
where energy sector leaders from generators, transmitters,
distributors and retailers, as well as state and federal
government representatives, will gather to discuss how real
the forecasted market opportunity for storage will be for the
Australian energy sector. It will also look at the cost versus
value proposition for investing in storage capacity.
Link to website

Energy State of the Nation (ESON) 2016

18 March 2016, in Sydney
Now in its tenth year, the Energy Policy Institute of
Australia's "Energy State of the Nation" forum is recognised
as the premier event that brings together policymakers
and stakeholders in the Australian energy industry to
debate contemporary issues and highlight future directions
affecting the energy industry.
Link to website
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ENERGY 101: CARBON CAPTURE AND STORAGE (CCS)
Overview
• CCS is considered an important option within
the portfolio of approaches required to reduce
greenhouse gas emissions. It has the potential to
achieve significant CO2 emission reductions from
large-scale point sources.
• CCS involves capturing CO2 produced by large
industrial plants, compressing it for transportation
and then injecting it into rock formations deep
underground. It is permanently stored due to the
natural geologic characteristics of these specific
formations.
• The CCS value-chain involves three major steps:
1. Capture: The separation of CO2 from other gases
produced at large industrial process facilities. This
includes coal and natural gas power plants, oil and
gas plants, steel mills and cement plants.
2. Transport: Once separated, the CO2 is compressed
into a fluid and transported via pipelines, trucks,
ships or other methods to a suitable storage site.
3. Storage: CO2 is injected into deep underground
geological formations (geosequestration). Other
options include carbon capture utilisation and
storage (CCUS) involving re-use e.g. enhanced
oil recovery (EOR), bio-fixation and mineral
carbonation, however the latter two options are very
limited.

CCS system

Capture
• CO2 is produced as a by-product during the
combustion and conversion process. There are
three ways to capture CO2, and each process
performs different gas separation tasks:
1. Pre-combustion: Performs separation of CO2 from
H2 in syngas
In this process the fossil fuel-derived syngas is
converted to hydrogen and CO2 prior to combustion
or chemical processing. Hydrogen is separated
and burned, and the CO2 is compressed, ready
for transport. It is used in IGCC plants with the
CO2 being removed before the turbine / power
generation cycle.
2. Post-combustion: Performs separation of CO2 from
N2 and O2 in the flue gas
In this process CO2 is captured from the exhaust
gases produced during combustion of the fuel.
CO2 is usually separated from these exhaust gases
by liquid solvents, which absorb the CO2. Heating
the solvent then releases the CO2, resulting in a
pure stream of CO2 that is compressed, ready for
transport. It is primarily used on conventional power
generation plants.
3. Oxyfuel: Requires the separation of O2 from air prior
to the combustion
In this process CO2 is again captured from the
exhaust gases produced during combustion of the
fuel. However, the combustion process uses oxygen
instead of air. The exhaust gases are water vapour
and CO2, which is condensed to a pure stream of
CO2 that is compressed, ready for transport.
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ENERGY 101: CARBON CAPTURE AND STORAGE (CCS)
Transport

2. Ship: Transport by ship is a viable option
for small to medium volumes over long
distances.
3. Pipelines: This is the most common
method of transporting CO2. Suitable for
transporting large quantities over short
and medium distances, many pipelines
have been constructed for other
industries, such as gas.
• The biggest challenge to CO2
transportation is the regulatory support
and financing available to build a
network of CO2 pipelines that could
be – in terms of size and scope –
equivalent to today’s current oil and gas
industry.
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• Beyond the critical point CO2 becomes a
supercritical fluid, a state that is neither a gas nor a
liquid, but has properties of both. This is important
because the volume of supercritical CO2 is ~ 300
times less than the volume of gaseous CO2 at
atmospheric pressure.
• Supercritical CO2 can be transported, injected and
stored more effectively than CO2 as a gas. At depths
greater than 800 metres hydrostatic pressure will
keep the CO2 in a supercritical state.
• Impurities in a CO2 stream increase the depth
required to reach the supercritical phase.
• CO2 may be transported by truck, ship or pipeline,
but for large volumes of CO2 pipeline transportation
is preferable:
1. Road and rail: Relatively small quantities of CO2 (as
in the food industry) are transported on trucks.
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Storage

• Understanding the available geological storage
options is critical for CCS – ‘no sink – no project’…
• There are several geological storage options:
1. Deep Geological Storage, including depleted
oil and gas field, unminable coal seams, deep
saline aquifers.
2. Reuse, including for enhanced oil recovery (EOR)
and enhanced gas recovery (EGR).
3. Other storage techniques such as mineral
carbonation have limited storage capacities and
are only used in niche applications.
• Effective storage sites require certain geological
characteristics:
1. Porous rock formations with sufficient pore
capacity to store the CO2.

2. Permeability of these formations to
receive the amount of CO2 at the
rate it is to be injected.
3. A cap rock or impermeable barrier
at the top of the formation (a seal)
to prevent the CO2 from migrating to
the surface.
• Approved storage capacity tends to
be significantly less than theoretical
capacity.

terrestrial
sequestration

unmineable coal
beds

depleted oil and
gas reservoir
enhanced
recovery

saline formation

Potential storage options

Trapping mechanisms

• Mineral trapping, where CO2 may over
the long-term react with minerals
present in the reservoir to become
immobilised in the form of carbonate
minerals.
• Any CO2 storage project must include
a measurement, monitoring and
evaluation program to assure no escape
of CO2 into the biosphere.
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• Structural (physical) trapping, where CO2 is trapped
within the underground formation due to the
presence of an impermeable cap rock above the
reservoir.
• Residual trapping, where CO2 is retained in the pore
space due to capillary forces.
• Solubility trapping, where CO2 dissolves into the
formation waters that fill the pore spaces in the
reservoir.

power station CO2 capture and separation
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Increasing Storage Security

Solubility
trapping

0

Mineral
trapping
1

10

100

1,000

10,000

Time since injection stops (years)

Sources: Global CCS Institute, CO2CRC, IPCC

Timeline of trapping mechanisms
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