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Carbon capture and storage is a rapidly growing industry

According to the Global Carbon Capture and Storage Institute, there are currently 70 large scale integrated carbon capture

projects happening around the world, with 32 in North America, 20 in Europe, 7 in Australasia, 5 in China, 3 in the UAE, in 2 in

South Korea and 1 in Algeria

This means that if you sell products and services applicable to carbon capture, now is a good time to make your mark on the

market - and there's no better way to do it than by advertising in Carbon Capture Journal.

Our magazine and newsletter arrive on the desks and desktops of 8,000 carbon capture professionals, all of whom have

personally filled in our registration form. This means that everything we send is requested and our list is perhaps the best carbon

capture and storage mailing list in the world.

By region, our circulation is 35% in North America, 24% in North Europe, 12% in West Europe, 9% in East

Asia, 6% in Australasia, 4% in South Europe, 4% in Southern Asia, 2% in East Europe, 2% in South East Asia.

Our readers are in engineering

11%, energy industry 9%. oil

companies 6%. students 14%.

government 14%, vendors

11%, consulting 10%,

research 4%, reaching 3%,

press 2%, finance 2%,

others 10%.

If you think carbon

capture and storage

market holds potential

for your company,

come and talk to us.
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Capture and Conversion

At the core of international climate change

mitigation policy is the notion that a global

legally binding emissions reduction agree-

ment can be reached, which in the case of

CO2 would drive worldwide carbon pricing

to incentivise investment in low-carbon tech-

nologies and behaviours.  
Through this approach it is hoped that

global mean temperature rise will be kept be-

low the 2°C threshold that many in the sci-

ence community tell us is necessary to avoid

dangerous climate change. 
There is however growing recognition

that this approach is not producing the nec-

essary action on the required timescale and

in the meantime global emissions continue

to rise. It is therefore important that policy

makers seek ways of accelerating emissions

reduction while simultaneously utilizing the

full range of mitigation approaches available

to them.
Climate change mitigation policy

worldwide in relation to CO2 is based on

three commonly accepted methods for re-

ducing the accumulation of emissions in the

atmosphere.  These are:1. Reduce demand for CO2 emitting

energy and processes through energy conser-

vation, increased energy efficiency and be-

havioural change;2. Substitute technologies characterised

by lower CO2 emission levels in place of

carbon-intensive industrial processes and en-

ergy sources;3. Capture the CO2 emitted from pow-

er generation and other industrial processes

utilising fossil fuels and sequestrate the gas

by storing it in suitable underground geolo-

gies; carbon capture and storage (CCS).

These approaches are however missing

a mitigation opportunity, as they do not al-

low for the contribution that could be made

by the removal of CO2 directly from the at-

mosphere.  This method, known as air capture, can

be achieved through a number of technolo-

gies (McGlashan, Shah & Workman 2010)

including air capture machines.

Air capture for mitigation
Air capture offers two mitigation possibili-

ties:
1. ‘negative emissions’ through capture

and sequestration;2. ‘carbon recycling’ through the cap-

ture and processing of CO2 for onward use

in industrial or energy applications that re-

sult in ‘closed loop’ carbon cycles.

Both approaches take advantage of the

fact that direct capture of CO2 from the at-

mosphere can take place at any geographical

location regardless of the point at which the

gas is emitted. This would enable difficult to

tackle CO2 sources to be accounted for in

the mitigation process, including non-sta-

tionary and dispersed sources such as air-

craft, ships and industrial processes that are

not amenable to CCS. It could also facilitate the participation

of countries with low GHG emissions in the

carbon economy and global mitigation ef-

fort. This would be achieved for example

through the development of a direct CO2

capture and sequestration activity trading in

the world’s carbon markets, or a carbon re-

cycling industry driving localized fuel man-

ufacture for energy security. These develop-

ment routes could be particularly attractive

for those countries with low industrial devel-

opment costs and abundant ‘stranded’ or ‘ex-

cess’ sources of renewable energy, which can

be used to drive the machines cost-effective-

ly.
From an international policy perspec-

tive, it is the fact that a negative emissions

approach can be used to establish a rational

‘ceiling’ (or cap) price on CO2 emissions

globally that is potentially of most signifi-

cant benefit. In this regard, if all CO2 emit-

ters were subject to a mandatory internation-

al requirement to apply an alternative abate-

ment method or pay for the negative emis-

sions necessary to balance their CO2 emis-

sions account, the cost of air capture with

onward sequestration would represent the ul-

timate limit on the price to the polluter for

putting the CO2 in the atmosphere. 

This simple approach would drive

worldwide carbon pricing to encourage cost

reduction in competing low-carbon tech-

nologies and incentivize both deployment

Capturing CO2 from the air
In the search for potential approaches to tackle climate change policy makers have to-date largely

ignored the contribution that could be made from the implementation of methods that directly extract

greenhouse gases (GHGs), particularly carbon dioxide (CO2), from the atmosphere. This article examines

the role that such an approach, known as air capture, can play in tackling the challenge of global warming

and makes recommendations for climate change policy developments in this area. 

Dr Tim Fox, Institution of Mechanical Engineers

Carbon Engineering Ltd’s Air-Contactor device which could be used to remove CO2 passing

through the machine
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Projects and Policy

For more information and a full list of the
projects go to:
www.cmc-nce.ca

Carbon Management Canada funds projects
Carbon Management Canada (CMC-NCE) is funding 18 new projects for a total of $10 million.

CMC-NCE is a Canadian Network of Cen-
tres of Excellence that supports game-chang-
ing research to eliminate carbon emissions
from the upstream fossil energy industry.
The network comprises over 140 researchers
across 25 universities and colleges in Cana-
da.

Projects funded in Round 2 range from
work toward developing what could become
the world’s first zero-emission solid oxide
fuel cell, to research seeking a way to con-
vert CO2 into water and methanol (see be-
low), to an investigation into public attitudes
toward greenhouse gas mitigation strategies.

The largest award, $1.92 million, was
given to a project to coax communities of
microorganisms to convert coal into natural
gas, or methane, while still in the ground.
The methane produced from bioconversion
would then be collected for use as a clean-
burning fuel.

This project, led by Dr. Sushanta Mitra
at the University of Alberta, exemplifies
CMC-NCE’s emphasis on funding interdis-
ciplinary, multi-institution projects. The 15
principal investigators on the project are
from four universities, plus government and
industry. Researchers represent disciplines
ranging from biology to hydrology to geo-
sciences, and both mechanical and chemical
engineering.

Dr. Steve Larter, CMC-NCE scientific
director and a researcher on the project,
notes the interdisciplinary approach is criti-
cal to the project’s success.

“The problems can’t be solved by a re-
ally good geochemist, or just a really good
microbiologist, or just a very good engineer.
We’re trying to build an orchestra.”

This round of funding increases the
number of CMC-NCE supported research
projects from 18 to 36. Last year, $8.7 mil-
lion was awarded to 17 projects.

Turning CO2 into liquid fuel
U of T chemists Douglas Stephan and Euge-
nia Kumacheva are laying the foundation for
an efficient and cost-effective method to
transform CO2 and hydrogen into water and
methanol, a liquid fuel. The ultimate goal is
an energy-generation system that would be
carbon neutral, with every CO2 molecule re-
leased from fuel consumption being convert-
ed back into methanol.

The research project is fueled by a $268
thousand grant from Carbon Management

Canada through its Round 2 funding. 
“The CMC funding is giving us an op-

portunity to explore chemistry that relates to
one of the biggest problems facing hu-
mankind,” said Stephan.

Methanol, or methyl hydrate, is the
same clean-burning fuel that’s used to heat a
fondue pot. A liquid, methanol is relatively
easy to store and transport, even with exist-
ing delivery systems—gas station pumps, for
example.

“The big problem with new possible fu-
els is the infrastructure for transportation,”
commented Stephan.

The unprecedented approach to CO2
capture and reuse builds on his group’s
breakthrough discovery of a new way to cap-
ture and use CO2, research that has been
supported in part by NSERC and the green
chemistry commercialization body, Green-
Centre Canada.

“It’s really incredibly simple chemistry
that we’ve discovered,” said Stephan. “We
generate this new reactivity that we’ve been
able to observe with CO2 and a variety of
other small molecules.”

To carry out the process, chemical
reagents dubbed “frustrated Lewis pairs” are
used to effect these new chemical reactions.
Extremely effective and versatile, the frus-
trated Lewis pairs are also nontoxic—unlike
conventional catalysts employed to convert

CO2 to methanol.
“Now the question is,” said Stephan,

“can we tweak the system? Optimize the sys-
tem?”

“If we could do this catalytically,” he
explained, “…so that you could use a very
small amount of our catalyst…to grab CO2,
transform it to methanol, release it, and then
go back and do it again…you really bring
down the cost of the process.”

Another challenge is that the reactions
happen so quickly, it is difficult to study
them. However, a new technique developed
in the Kumacheva lab is making it easier to
obtain the needed data.

Along with a clean source of hydro-
gen—a technology that Stephan noted is im-
minent—the team hopes that the CO2 to
methanol system will one day revolutionize
the fuel sector.

“New chemistry is going to be part of
the solution to environmental issues,” said
Stephan, adding “it’s not widely recognized
just how much chemistry goes into just about
every solution to any problem.”

Viola Birss, Canada Research Chair in Electrochemistry of Materials at the University of Calgary,
is part of a team working to develop what could become the world's first zero-emissions solid
oxide fuel cell. The research project is funded by Carbon Management Canada
Photo: Riley Brandt, University of Calgary
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Issue 31 - January/February 2013
l Review of 2012

l Focus on UK

l Special topic: CO2 storage and transportation

l CO2 enhanced oil recovery

l Geological storage safety

l Storage capacity estimation

l Monitoring and verification

Booking deadline: Dec 12 2012

Ad copy deadline: Dec 14 2012

Publication date: Dec 19 2012

Issue 32 - March/April 2013
l Focus on EU

l Special topic: Equipment including pumps and 

valves, scrubbers

l Developments with non-amine capture

l Materials for CO2 capture

l Influencing public opinion

Booking deadline: Feb 11 2013

Ad copy deadline: Feb 13 2013

Publication date: Feb 18 2013

Issue 33 - May/June 2013
l Focus on Canada

l Special topic: Co2 transport

l CCS in the oilsands

l CO2 shipping

l Pipeline integrity

Booking deadline: Apr 8 2013

Ad copy deadline: Apr 10 2013

Publication date: Apr 15 2013

Issue 34 - July/August 2013
l Focus on Australia

l Special topic: boiler techniques including oxyfuel 

and CFB

l Latest developments with amines

l Ionic membrances

l CO2 capture retrofit

Booking deadline: June 10 2013

Ad copy deadline: June 12 2013

Publication date: June 17 2013

Issue 35 - September/October 2013
l Focus on US

l Special topic: CO2 compression technology review

l Improving post-combustion efficiency

l CCS in developing countries

l CCS in the Clean Development Mechanism

Booking deadline: Aug 12 2013

Ad copy deadline: Aug 14 2013

Publication date: Aug 19 2013

Issue 36 - November/December 2013
l Focus on Asia

l Special topic: CO2 re-use technology

l Revenue streams from CO2 use

l Carbon mineralisation technology

l CO2 industrial re-use

Booking deadline: Oct 14 2013

Ad copy deadline: Oct 16 2013

Publication date: Oct 21 2013

* Dates are subject to change
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Transport and Storage
The demand for carbon capture and storage

(CCS) in recent years as a viable solution to

the problem of CO2 emissions from power

plants has led to an increase in interest in re-

search in certain associated areas of technolo-

gies. Among these, the transport process has

usually been taken for granted as ‘available

technology’, and is therefore discussed less. 

While there is considerable experience

in the transport of natural gas by pipelines,

experience in the transport of CO2 through

pipelines is relatively limited and far less than

that required for a thorough understanding of

the pertinent details for the design and analy-

sis of pipelines for CO2. This article discuss-

es the current issues in the field of CO2-trans-

porting pipelines and highlights the need for

a structural integrity-based model for the as-

sessment of safety and for the design of CO2

pipelines.CO2 Emissions and Global Warming

The need to reduce the emission of CO2 and

other greenhouse gases into the atmosphere

as a result of industrial development has been

the driving force behind the development of

CCS technologies. There is overwhelming

scientific evidence, as shown in the Fourth

Assessment Report of the Intergovernmental

Panel on Climate Change (IPCC), that climate

change will threaten economic growth and

long-term prosperity [1, 2]. The IPCC sug-

gests that to avoid the most catastrophic im-

pacts of climate change, greenhouse gas emis-

sions need to peak in the next 10 to 15 years

and be reduced by the order of 50–80% be-

low 1990 levels by 2050.

CCS is considered a key solution to the

problem of anthropogenic CO2 emissions.

However, as the Congressional Research

Service Report on CO2 pipelines indicates [3]

the general focus of CCS and related legisla-

tion is on the capture and storage of CO2 and

not its transportation. As the report suggests:

“this reflects the perception that transporting

CO2 via pipelines does not present a signifi-

cant barrier to implementing large-scale

CCS” [3]. Nevertheless, the truth and the per-

ception are different.

CO2 Pipelines
The current generation of CO2 pipelines has

been operational for over 30 years, mainly in

the US, transporting high-pressure CO2 for

onshore enhanced oil recovery across sparse-

ly populated terrain. However, the next gen-

eration of CO2 pipelines will be directed at

climate change mitigation. 

Initiatives such as the EU Emissions

Trading Scheme, usually requiring companies

to limit or reduce greenhouse gas emissions,

mean that there will be a serious economic

driver for power generation companies to

consider CCS technology. Moreover, for the

CCS process to be cost-effective and safe, all

three main aspects of capture, transport and

storage technologies should be developed and

possibly standardised.

Carbon Capture and Storage Pipelines

Pipelines seem to be the primary mode of

transport of CO2 in the context of CCS [4, 5].

The expansion of CO2 pipelines in recent

years and safety requirements for pipelines in

densely populated areas mean that new leg-

islative and safety considerations should be

taken into account for the emerging CCS

pipelines.Compared with hydrocarbon transport

pipelines, there is very little experience in the

design and maintenance of CO2 pipelines. Al-

so, since some or most of the storage loca-

tions are offshore, the requirements for

pipelines in the offshore environment need to

be considered. Design and construction of

new dedicated pipelines for CO2 transport,

or, in some cases, the conversion of existing

infrastructure, both require a thorough under-

standing of the safety issues associated with

the transport of CO2.

CO2 as a Hazardous Substance

A significant amount of information has been

published outlining the hazards associated

with relatively small releases of CO2 [6]. In

water, CO2 forms an acidic solution, leading

to corrosion issues, and is a known asphyxi-

ant [7]. For more information about the haz-

ards and legal status of CO2 the reader is re-

ferred to Harper [8].

Pipeline Failure

Makino et al. highlight the existing issues with

the prediction of crack propagation in ultra-

high-pressure natural gas pipelines [9].

Whereas the catastrophic failure mode in pres-

surised pipelines is clearly demonstrated in

burst tests as being ductile, crack initiation at

low temperatures is more likely to be due to

the metal lacking sufficient toughness, i.e. brit-

tle failure mode [10]. Cravero et al. recom-

mend a constraint-modified failure assessment

diagram which takes into account both ductile

and cleavage (brittle) mode failures [11]. 

Safety Considerations – Leakage

ScenarioPipeline transmission of CO2 over longer dis-

tances is considered most efficient when the

CO2 is in the supercritical or dense phase

[12]. Safety analysis of the pipeline should in-

clude the important ‘what-if’ scenario, where

a defect is assumed to be created in the

pipeline. The existence of a defect in the

pipeline would lead to rapid escape of fluid

CO2 from the hole. 

Mahgerefteh et al. have proposed an out-

flow model which predicts the decompression

behaviour of the CO2 flow through the pipe

defect [13]. Starting from liquid or supercriti-

cal phases, the saturation pressure – at which

liquid and gas phases are in equilibrium – is

determined by the initial pressure of the fluid

in the pipe; the higher the initial pressure the

higher the saturation pressure. 

For a pure component, the temperature

is a function of pressure and therefore the

temperature of the escaping gases is wholly

dependent on the depressurisation trajectory.

Eldevik et al. [14] argue that, as a result of

pipeline failure, rapid depressurisation may

cause the CO2 to cool to the triple point and

the low temperatures could cause associated

operational and structural problems. 

A detailed discussion on the decompres-

sion behaviour of CO2 from a pipeline defect

can be found in [13].  In a review article, El-

devik emphasises that the likelihood of solid

CO2 deposition on the pipe as a result of de-

compression may bring the local temperature

as low as - 78˚C [15]. This can have a severe

impact on the pipeline material’s toughness

or resistance to fracture.

Metal Embrittlement – Toughness

versus Temperature

Pipeline steels show a ductile-to-brittle tran-

sition at low temperatures and the toughness

value of the material, i.e. the resistance to brit-

tle fracture, is reduced at lower temperatures.

Knowledge of the exact behaviour of the ma-

terial is key in the development of a structur-

al integrity model for the pipeline. As part of

the development of the model, a database con-

taining toughness characteristics of the mate-

Although CO2 pipelines will be the primary means for transporting CO2 for storage, it is often considered

as an ‘available technology’ and so discussed less. There is a need for structural integrity-based model for

the assessment of pipeline safety, says Dr Amir Chahardehi, Offshore Renewable Energy Group, Cranfield

University

Structural safety in CO2 transport pipelines

CIUDEN - city of energy in Spain

CIUDEN is leading Spain's carbon capture and storage research efforts, with programmes covering the

whole CCS chain, as well as founding a National Museum of Energy and collaborating with universities on

post-graduate training.

CIUDEN, standing for city of energy, ciudad

de la energia in Spanish, was founded five

years ago to promote economic development

through activities related to energy and the

environment in the relatively poor region of

El Beirzo in North West Spain. It is leading

Spain's carbon capture and storage research

efforts, with programmes covering the whole

CCS chain, as well as founding a National

Museum of Energy and collaborating with

universities on post-graduate training.

The El Bierzo region has long been as-

sociated with industries including coal min-

ing and power production. The site of the

CO2 capture technology development plant

(TDP) in Cubillos del Sil is next to the old-

est operating power station in Spain, Ende-

sa's Compostilla II plant. 

The TDP will be available for any in-

stitution to use. “Companies can come here

and do their own R&D work,” explained Pe-

dro Otero, CO2 Capture Programme Techni-

cal Director. “We are non-profit and we are

not charging for the investment costs of the

facility. Companies just pay for the running

costs, the coal and other expenses. We will

be very happy to host any company here,

from Australia or wherever not just from

within the EU.”
As a public institution, it also benefits

from a closer relationship to the general pop-

ulation, and its efforts at public outreach

seem to have met with far greater success

than in some other countries, where large

multinationals have received a relatively

hostile reception.

Fernando Torrecilla, CIUDEN's Direc-

tor of International Communication, boasts

that the research facility, located only a few

kilometres from the city of Ponferrada, is

widely supported because of their outreach

programmes. Only a few weeks before, they

invited anyone from the area to come and

take a look, and over one thousand people

came and walked around the site.

The CO2 Capture Technology

Development Plant

CIUDEN's installation is unique in that it is

designed to be extremely flexible in the

range of experiments that can be conducted.

It is an oxyfuel combustion test bed, but it

incorporates two separate boilers, one pul-

verized coal (PC) and the other circulating

fluidized bed (CFB). It is also designed to

use a range of different coals, with two hop-

pers that can take different

types and be mixed to produce

more variety. There is also a

3MW biomass gasifier.The

aim is to test the flexibility of

the boilers for oxy-combustion

and CO2 capture with a range

of different fuel types.

The PC boiler will oper-

ate up to 20MW while the CFB

boiler will be up to 30MW in

oxy-combustion mode.

The Technology Devel-

opment Plant will allow  re-

search, development and inno-

vation activities to be carried

out in a number of relevant

fields, namely:
1. Testing of the individ-

ual stages and the complete

technological chain.

2. Evaluation and opti-

mization of the design and op-

eration of boilers.

3. Validation of tools for

boiler design, dynamic simula-

tion and performance predic-

tion.

Leaders

2

The Technology Development Centre for CO2 Capture in Cubillos de Sil, Leon. The centre will be

open for use by any company or institution wishing to conduct oxyfuel CO2 capture research

The experimental setup includes a 3MW biomass gasifier
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Transport and StorageNew trials begin at Australian Otway

Project

The experiments, led by the Cooperative Re-

search Centre for Greenhouse Gas Technolo-

gies (CO2CRC), are part of the $10 million

second stage of the project, which is focused

on saline formations, geological structures

with the potential to permanently store hun-

dreds of years' worth of carbon dioxide emis-

sions.
An international research team has

been assembled by the Centre, with re-

searchers from leading Australian research

organisations, Lawrence Berkeley National

Laboratory (USA), Korea Institute of Geo-

science and Mineral Resources (KIGAM),

Canada's Simon Fraser University and New

Zealand's GNS Science.
The team will use a new 1565 metre

well at the site to undertake a complex se-

ries of extractions and injections of carbon

dioxide and water over the next two months,

evaluating storage capacity and security.

A sophisticated and highly innovative

28 metre instrument array, installed 1400

metres underground in the same well into

which the carbon dioxide is injected, will

measure pressure, temperature and tracer gas

concentrations, while a „U-tube' system al-

lows the team to chemically analyse samples

of water and dissolved gas direct from the

reservoir, at pressures equivalent to 1400

metres underground.“The Otway Project has been demon-

strating safe storage of carbon dioxide in a

depleted gas reservoir since 2008,” says

CO2CRC Chief Executive Dr Peter Cook,

“and the successful first stage provided a

great deal of highly useful information on

monitoring, verification and regulation of

CCS.
“This second stage involves research

aimed at tackling some of the key outstand-

ing research questions regarding storage ca-

pacity and security in types of rocks found

many parts of the world. It will enable

CO2CRC to produce practical tools for com-

mercial CCS projects that will make it easi-

er to evaluate a potential reservoir.”

The CO2CRC Otway Project involves

researchers from Australian universities and

research organisations as well as from the

United States, Korea, Canada and New

Zealand. The project has been financially

supported by the Australian Federal Govern-

ment, the Victorian State Government and

the US Department of Energy, as well as

CO2CRC members.

A series of research trials into geological storage of carbon dioxide have begun at the CO2CRC Otway

Project in Victoria, Australia.

www.co2crc.com.au

The 30 metre instrument assembly before installation in the well (Image ©CO2CRC)

Final preparations before the instruments are installed downhole (Image ©CO2CRC)
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