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Global Status of CCS - 2013 update

The Global CCS Institute has identified 65 large-scale integrated projects (LSIPs) in 2013 compared to
the 75 reported last year. Although four additional projects have become operational since 2012,
Institute CEO Brad Page said momentum was still too slow if CCS was to play its full part in tackling

climate change at lowest cost.

Releasing The Global Status of CCS: 2013
report in Seoul, South Korea, Global CCS
Institute CEO Brad Page called for a re-
newed focus on the significance of CCS in
the portfolio of low carbon technologies re-
quired to deal with climate change.

Since the Institute's 2012 report, the
number of large-scale integrated CCS proj-
ects around the world has reduced from 75
to 65; five have been cancelled, one down-
scaled and seven put on hold; and three new
projects identified — one each in Brazil, Chi-
na and Saudi Arabia.

Globally, 12 large-scale integrated car-
bon capture and storage projects are prevent-
ing 25 million tonnes a year (Mtpa) of green-
house gases from reaching the atmosphere.
A further eight under construction are ex-
pected to increase the total to 38 Mtpa by
2016.

Notwithstanding strong
progress, with four additional projects be-
coming operational since 2012 — an increase
of 50 per cent in one year — Mr Page said
momentum was too slow if CCS was to play
its full part in tackling climate change at
lowest cost.

“Seventy per cent of CCS proponents
agree that policy uncertainty is a major risk
to their project. Indeed, ongoing uncertainty
about the timing, nature, extent and durabili-
ty of emissions reduction policies is limiting
investment in CCS and stalling its develop-
ment and deployment. This must be ad-
dressed.”

Mr Page said this was evidenced by
slow project progression, almost no new
projects outside China, and a strong devel-
opment bias toward projects with additional
revenue opportunities, like enhanced oil re-
covery.

“Of concern is that no new projects
were identified in Europe, nor are any under
construction,” he said. “Accordingly, what
we need globally are technology—neutral
policies that provide sufficient incentives for
projects to develop robust long—term busi-
ness cases and attract the private funding
needed to create market conditions con-
ducive to broadbased CCS deployment.

Reviewing the Institute's report, Myles
Allen — Oxford University Professor and a
Lead Author of the recently released Inter-

recent
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Recommendations for decision makers

To effectively mitigate climate change and provide energy security, there is an urgent need
to progress carbon capture and storage (CCS) demonstration projects around the world.
Successful demonstration will build con.dence by showing the technology in action and,

through innovation combined with advances in capture technology, bring down costs.
It is vital that CCS is included in a portfolio of low-carbon technologies to tackle cli-

mate change at least cost.
We must therefore:

« implement sustained policy support that includes long-term commitments to cli-
mate change mitigation and strong market-based mechanisms that ensure CCS is not dis-

advantaged

* boost short-term support for the implementation of demonstration projects. This
will require targeted .nancial support measures that enable .rst mover projects to progress
faster through development planning into construction and provide necessary support dur-

ing operations

 implement measures to deal with the remaining critical regulatory uncertainties,
such as long-term liabilities. This will involve learning from the efforts of jurisdictions
within Australia, Canada, Europe and the US, where signi.cant legal and regulatory issues

have been, and continue to be, resolved

* continue strong funding support for CCS research and development activities and
encourage collaborative approaches to knowledge sharing across the CCS community
« create a positive pathway for CCS demonstration by advancing plans for storage

site selection

« encourage the ef.cient design and development of transportation infrastructure
through shared hub opportunities to become “trunk lines” for several carbon dioxide cap-

ture projects.

governmental Panel on Climate Change
(IPCC) Working Group 1 Assessment Report
— went further, stating that CCS was the piv-
otal technology for addressing the problem
of climate change.

“Fossil fuels are useful, plentiful and
affordable, so of course we will continue to
use them,” Professor Allen said. “To exploit
this resource to the full, without further dam-
aging the planet, we need CCS.

“We will eventually need large—scale
CCS — no two ways about it. And it would
be far safer, and cheaper, to deploy this tech-
nology steadily as we approach the limit than
to deploy it in a panic in 30 years’ time.”

Projects
More projects are entering operation and
construction and China’s importance is
growing

 Twenty large-scale projects are in op-
eration or construction, four more than in
2012 and eight more than in 2010. Eight
projects are in construction: a significant

milestone is that the first two power projects
- both in North America - are scheduled for
operation in 2014. Nearly all the remaining
projects in construction are expected to be
operational by the end of 2015.

* Four projects have commenced oper-
ation in 2013 - Air Products Steam Methane
Reformer Enhanced Oil Recovery (EOR)
Project, Coffeyville Gasification Plant, Lost
Cabin Gas Plant, all in the United States
(US) and Petrobras Lula Oil Field CCS Proj-
ect in Brazil.

* The next tranche of dedicated geolog-
ical storage projects under construction will
significantly increase saline formation stor-
age (from 1.5 to 7 Mtpa) and provide addi-
tional demonstrations of large-scale injection
and storage of CO2 in different geologic set-
tings.

o There are signals that the steady
progress of large-scale CCS projects into
construction will continue. Five projects
may be in a position to make a final invest-
ment decision in the coming year. Four of
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these projects are in the power sector (of
which two, in Europe, use deep saline or de-
pleted oil and gas field storage) and one in
iron and steel.

* China now has 12 projects spread
across all stages of development planning
compared to five in 2010, ranking second to
the US (20 projects). China is well posi-
tioned to influence the future success of
CCS. The inclusion of CCS in China’s 12th
Five Year Plan reflects a strong commitment
to develop and deploy the technology.

Significant gaps remain and progress
on (CS must be accelerated
Notwithstanding the steady progress in CCS
projects entering operation and construction,
momentum is too slow to support the wide-
spread commercial deployment needed to
underpin climate change risk mitigation sce-
narios. A very substantial increase in new
projects entering construction is required.

There is a notable absence of advanced
projects in industrial applications, with only
two iron and steel projects in development
planning and none in cement. Considerable
work is still needed to encourage capture
demonstrations and CCS technology devel-
opments in these and other industries.

While significant progress is being
made to advance CO2 storage programs in
many developing countries, overall levels of
CCS activity are at early stages. To achieve
global emission targets, 70 per cent of the
cumulative mass of captured CO2 by 2050
will need to occur in non-OECD countries
(IEA 2012a).

Policy and regulatory framework
enhancements are critical

The international climate change policy dia-
logue consistently acknowledges the impor-
tant future mitigation role of CCS. Solid
progress continues within the United Nations
Framework Convention on Climate Change
(UNFCCC), and in agendas of the Clean En-
ergy Ministerial (CEM), Carbon Sequestra-
tion Leadership Forum (CSLF), and Interna-
tional Organization for Standardization
(IS0).

Paradoxically, progress in the interna-
tional dialogue on CCS, and the criticality
of CCS in climate change mitigation contin-
ually identified in energy roadmaps, have not
been translated into policy settings that have
delivered a sustainable pipeline of CCS proj-
ects in individual countries.

Policy and regulatory actions to accel-
erate the momentum of CCS projects must
address the following issues:

+ Strong, sustainable emissions reduc-
tion policies to support longer term deploy-
ment Project proponents strongly highlight
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that there is too much policy uncertainty to
support a business case for large-scale CCS
projects. CCS projects have large capital
costs and long development times. Investors
require long-term predictability if they are
to invest in CCS.

Thoughtfully developed emission re-
duction policies that encourage CCS and
other low-carbon technologies are urgently
needed and necessary for longer term de-
ployment. Continued uncertainty about the
timing, nature, extent and durability of such
policies is stalling the development of CCS.

e Strengthened incentive mechanisms
to support the immediate demonstration ef-
fort Most public funding programs for large-
scale CCS projects have been exhausted or
have not delivered funds commensurate with
former commitments. Since 2009, funding
support for CCS has fallen by more than
US$7 billion from earlier commitments, re-
flecting either changing government priori-
ties or a reliance on carbon price support that
has subsequently collapsed. Moreover, this
figure excludes funding received by projects
that were subsequently suspended or can-
celled and is no longer available.

While some countries are considering
approaches to reinvigorate funding pro-
grams, no firm initiatives have been an-
nounced. In the short-term, financial support
measures must be introduced to enable ro-
bust projects to progress faster through the
development pipeline and enter construction.
This is especially the case in Europe, where
no large-scale CCS demonstration projects
have progressed into construction since the

Snehvit CO2 Injection project in the early
2000s. A broad, successful demonstration
program is vital to improve community un-
derstanding of CCS as an environmentally
friendly technology and reinforce the impor-
tant role of CCS in reducing global CO2
emissions.

It is important that the value and bene-
fits of CCS are continually asserted and that
CCS is not disadvantaged in relation to oth-
er low-carbon technologies in policy consid-
erations and government support. First
mover projects incur higher risks and upfront
costs than later projects; appropriate recog-
nition of this should be taken into considera-
tion in the framing of financial and policy
support for first movers.

Direct financial support through grants,
preferential loans, investment tax credits,
and public/private partnerships can help
project development. Other incentive mech-
anisms such as feed-in tariffs, performance-
based subsidies, contract for difference and
purchase agreements can provide direct sup-
port for operations. The combination of sup-
port mechanisms used may vary globally, de-
pending on jurisdictional factors.

» Regulation uncertainties still need to
be addressed

A core group of jurisdictions - Aus-
tralia, Canada, Europe and the US - are ear-
ly movers that have progressed the develop-
ment and implementation of law and regula-
tion for CCS. These jurisdictions have re-
mained at the forefront in recent years. There
has also been welcome increased activity
from second generation regulators in coun-
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tries with high levels of CCS interest but less
well developed policy frameworks (for ex-
ample, Malaysia and South Africa).

Despite these developments, however,
several legal and regulatory issues persist.
Almost all jurisdictions must address issues
arising from post-closure stewardship (trans-
fer of responsibilities, liabilities) in a way
that accommodates the risk profiles of gov-
ernments and .rst mover project developers.
This must begin immediately to remove a
key impediment to the progression of CCS.

Technological development

Successful CCS demonstrations in the pow-
er sector and additional industrial applica-
tions are essential to gain valuable design,
construction and operational experience. The
knowledge or learning from demonstrating
CCS technology in new applications at dif-
ferent sites and different settings is critical
for reducing costs and strengthening investor
and stakeholder con.dence.

Current CCS demonstration projects
are vital for these learning curve achieve-
ments.

Just like any other industry, a vibrant
R&D effort is important for CCS. R&D ef-
forts across CCS (and especially capture)
technologies, higher ef.ciency power gener-
ation cycles and industrial processes are im-
portant to accelerate the longer term deploy-
ment of CCS technology.

In power generation, for example, the
capture element of CCS accounts for more
than 90 per cent of the cost of the entire CCS
chain. Significant progress is being made
with several promising capture technologies,
but the development and maturation of these
and other capture (and related) technologies
must be accelerated. The technologies cover
a broad spectrum of options. For example,
novel approaches and techniques have been
identi.ed in the use of solvents, membranes
and sorbents that can improve the ef.ciency
of CO2 capture and reduce costs.

Cost effective capture R&D is achiev-
able through globally coordinated efforts. It
is promising that capture centres around the
globe have formed networks to coordinate
pilot-scale testing and development of new
capture technologies, as evidenced by
groups such as TCM Mongstad in Norway
and the National Carbon Capture Center in
the US.

It is important to connect this pipeline
of new technology development with the
learning obtained from demonstration proj-
ects using current generation technologies.
This continuous development pipeline as-
sures a smooth transition of new capture
(and related) technologies into the market
place.

Lessons from the current generation of
capture technologies (as applied to new ap-
plications) will be realised in the 2020 time
frame. When this occurs, we must be ready
to transition from current to next generation
capture systems, higher ef.ciency power gen-
eration cycles and industrial processes to ac-
celerate CCS deployment on a global basis.

Infrastructure development

Storage exploration needs urgent attention.
The estimated lead time for a greenfield stor-
age assessment can be 10 or more years. This
is a much longer time frame than is general-
ly required for the engineering and construc-
tion of a large-scale capture facility. The
characteristics of a particular storage site
may have important influences on the design
of the CO2 capture and transportation ele-
ments.

These co-dependencies mean that the
exploration and appraisal needed for storage
assurance must be scheduled in advance of
major CO2 source and transport assessment
expenditure. This may involve the investiga-
tion of several storage targets to mitigate the
exploration risk.

Many countries have undertaken stor-
age screening and identified the opportunity
for adequate storage within their jurisdic-
tions. While national screening is important,
there is an increasing need to focus on ma-
turing demonstration project storage sites
and investing the tens to hundreds of mil-
lions of dollars to prove up storage sites that
can store large amounts of CO2.

There is currently no incentive for in-
dustry to undertake costly exploration pro-
grams and governments have generally not
stepped in to fill the void (with some excep-
tions, like the Regional Carbon Sequestra-
tion Partnerships in the US).

To lessen the risk of CCS demonstra-
tion and deployment being slowed by uncer-
tainty over available storage, there is an ur-
gent need for policies and funded programs
that encourage the exploration and appraisal
of significant CO2 storage capacity.

Linked transportation and storage
solutions can reduce costs and
timelines

For CCS to meet the longer term climate
challenge of restricting global warming to
less than 2°C, the estimated magnitude of the
CO2 transportation infrastructure that will
need to be built in the coming 30-40 years is
100 times larger than currently operating
CO2 pipeline networks.

The development of new large capacity
CO2 “trunk lines” that connect one or more
large-scale CO2 capture projects with iden-
tified storage formations could lower barri-

ers to entry for other CCS projects and lead
to the establishment of integrated CCS net-
works. An example of such is the Alberta
Carbon Trunk Line (ACTL). The initial sup-
ply of CO2 (nearly 2 Mtpa) will come from
North West Upgrading Inc. and Agrium Inc.,
but at full capacity the trunk line will be able
to transport up to 14.6 Mtpa of CO2 from
various industrial sources.

Recommendations and future outlook
CCS is at something of a crossroads. For
those immersed in a highly challenging en-
vironment with often slow-moving funding
and policy commitments, it would be very
easy to put the commercial deployment of
CCS in the “too difficult” basket. However,
for those with an eye to the very real chal-
lenges of creating a sustainable low-carbon
energy future, the commercial deployment
of CCS is non-negotiable.

The value proposition for CCS does ex-
ist, but it is complex and challenging to com-
municate to an uninformed audience. To bet-
ter position CCS in the minds of the public
and policymakers, the encouraging work
various CCS networks are starting to under-
take to improve the definition and commu-
nication of the CCS value proposition in dif-
ferent regions must be continued and sup-
ported.

Since 2012, many projects and net-
works have taken the initiative to improve
public engagement on CCS. It is clear from
the comprehensive responses to the Insti-
tute’s 2013 survey that public engagement
best practices are filtering through to emerg-
ing projects, although there is a need for
more tangible examples of crucial activities
like social site characterisation.

With an estimated 70 per cent of CCS
emissions reductions needing to come from
non-OECD nations by 2050 (IEA, ETP
2012), the importance of developing capaci-
ty and improving the accessibility of early
CCS demonstration learning in these regions
will be a key goal.

Finally, support for, and collaboration
on, CCS by influential stakeholder groups
like the ENGO Network are important for
garnering public support and improving pub-
lic understanding. This kind of support helps
to position CCS in its rightful place as a key
emissions reduction technology with a criti-
cal role to play in a low-carbon future. More
of these collaborative relationships must be
fostered to raise the public understanding
and credibility of CCS. capture

More information

Download the complete Status Update at:
www.globalccsinstitute.com
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CCS policy developments in Asia

Eros Artuso looks at the development of policy frameworks for implementing CCS in Asia, and focusses
on three countries, China, Indonesia and South Korea, for more detailed case studies.
By Eros Artuso, Associate Director, AS Management & Consulting

There are increasing concerns with regards to
the role of greenhouse gases when it comes to
accelerating climate change. Although tech-
nology improvements and policy develop-
ments in the field of renewables as well as en-
ergy efficiency are growing fast, fossil fuels
will still play a key role as part of the world
energy supply mix for decades.

There is a need to identify ways to use
the available fossil energy sources in a way to
minimize the impact on climate change. Glob-
al fossil fuel resources, accounts for up to
21,000 gigatonnes of carbon equivalent
(Gtce), and most of it comes from coal, with
gas as runner up and oil in third place.

If we also take into account the fastest
ever demand for electric power coming from
emerging economies, this number is even
more disturbing. The current fossil fuel usage
rate - about 16 Gtce per annum - and the large
availability of coal due to its large geographi-
cal distribution, in combination with low ex-
traction and utilization costs, causes coal to be
seen by many countries as the most efficient
and low-cost means to ensure the availability
and security of their energy supply. Conse-
quently, major infrastructure investments con-
tinue to be made to ensure the steady produc-
tion, transport and utilization of fossil fuels
worldwide.

This article will provide an overview of
some of the key aspects of the current policy
developments in emerging countries with a
special focus on Asia. A few countries have
been selected and analyzed based on the rele-
vance of their recent regulatory attempts to es-
tablish a CCS policy framework based on the
experience from more advanced ones current-
ly in place in some western countries. There
will be also a section dedicated to the current
efforts to integrate CCS technology as part of
one of the Kyoto Protocol’s mechanisms to
tackle climate change, the Clean Development
Mechanism (CDM).

The growing energy demand from the
Asian emerging economies

Asian countries as many other developing
countries are experiencing an increasing de-
mand for power that is met by the develop-
ment of new, higher efficiency modern coal
fired plants (although they will not start to be
decommissioned for years). These countries
see the use of their large indigenous coal sup-

plies as a means to underpin economic growth
with competitive power generation that can
fulfill countries’ demand and reduce the de-
pendency on major western developed ex-
porters (e.g. Australia).

If we take into account that those indi-
viduals living in the poorest countries will ac-
tually be the most affected by the impacts of
climate change and against that backdrop, the
introduction of CCS, both for new plants but
also retrofit facilities, which can be coupled
with CO2 utilisation such as enhanced oil re-
covery (EOR), offers a means to maintain eco-
nomic sustainability while ensuring effective
carbon mitigation.

In April 2011, the Carbon Capture Use
and Storage Action Group (CCUS AG) pre-
pared a report with several recommendations,
including among them “to identify and ad-
vance appropriate funding mechanisms to sup-
port the demonstration of large scale CCS
projects in developing economies” (better
known as Recommendation 2).

Following the CEM meeting the Global
CCS Institute (GCCSI) agreed to coordinate
with the World Bank (WB), the Asian Devel-
opment Bank (ADB) and the World Resources
Institute (WRI) in an assessment of the CCUS
AG’s Recommendation 2. This work was un-
dertaken in consultation with other interna-
tional agencies such as the IEA and govern-
ments.

CCS demonstration and deployment can
only occur at sufficient scale if a much broad-
er set of countries become engaged and pre-
pare the policy frameworks for this to happen.
In order to achieve this need, financial mecha-
nisms shall be developed or deployed to sup-
port activities designed to help smaller but rap-
idly developing countries, such as those in
Asia, address in more general terms the way
in which they use fossil fuel resources to gen-
erate power.

In order to accelerate the development,
demonstration and deployment of CCS tech-
nologies in developing countries, international
efforts need to be focused on those countries
that have large carbon footprints, such as Chi-
na, Indonesia and South Korea, that have al-
ready been engaged on CCS and indicated a
willingness to initiate demonstration projects.

Unlike some western jurisdictions where
there are already established frameworks for
cross-national/state cooperation, Asia is sensi-

tive to international cooperation. Global ef-
forts to reduce atmospheric CO2 levels depend
on the successful implementation of CCS in
all major countries because these countries are
becoming the major players in global CO2
emissions.

Case studies: China, Indonesia and
South Korea

All these countries are vulnerable to adverse
effects from climate change and all are major
fossil fuel users and suppliers, with domestic
economies that are primarily dependent on
coal. Their involvement to date and chosen
means to pursue CCS though are different,
both in terms of technology considerations and
the institutional approaches to determining its
suitability for demonstration and deployment.

In each case, the national authorities
have established policies to counter climate
change and have undertaken various CCS ca-
pacity building activities, most of which have
been supported with bi-lateral and multi-later-
al agreements (e.g. EU, US, etc).

For all three countries the lack of
progress is a combination of several factors,
such as the high capital cost of CCS demon-
stration and deployment or the energy penalty
associated with the operation of CCS plant.

China CCS: China has been recently en-
gaging at international level on climate change
issues, reflecting an increasing realisation of
the need to establish a sustainable energy pol-
icy. However, their large economic growth is
also linked to an increasing coal use and de-
mand.

China’s vision for 2020 includes reduc-
ing carbon intensity by 40-45% from 2005
levels and meeting 15% of its total 2020 ener-
gy demand with non-fossil fuel. Despite that,
in order for China to reduce its aggregate CO2
emissions, it requires the introduction of CCS
in the period from 2030 to 2050. CCS has
therefore been recognised as a key technology
for achieving such targets.

Indonesia CCS: The Indonesian econo-
my is recognized as the third most vulnerable
to climate change and the government has
raised its concerns about impacts on the de-
veloping world.

The government has issued the National
Action Plan Addressing Climate Change,
which sets out Indonesia’s intention to reduce
greenhouse gas emissions from the energy
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sector, land use, land use change and forestry
while also identifying CCS as a key means to
reduce CO2 emissions. This included a non-
binding commitment to reduce CO2 emissions
in the range 26%-41% by 2020.

With regard to CCS, this is a policy ob-
jective in the National Energy Plan, with a
high-level blueprint for its deployment. There
have been and still are ongoing a number of
investigative studies undertaken involving
various national stakeholders, with some form
of international cooperation, but some sort of
external assistance is required in order to ig-
nite action.

South Korea CCS: South Korea has de-
veloped a national CCS master action plan to
promote CCS deployment. The Master Plan,
prepared by the WRI and the Tsinghua Uni-
versity in collaboration with the government,
industry and academic institutions, calls for
the development of regulations and establish-
ing national networks for technology demon-
stration by 2014.

This is even more relevant in the per-
spective that Korea will formally start GHG
emission trading scheme from Jan. 1, 2015 in
terms of how the two programs or initiatives
will work together. Since 2000, the Korean
government had spent about USD 89 million
in funding for CCS R&D to support several
independent projects to develop CO2 capture
technologies. In April 2010, the Basic Law on
Low-Carbon Green Growth went into force,
which would provide a broad framework for
sustainability policies in Korea.

The new legislation will provide a foun-
dation to reduce national emissions by 30%
against BAU by 2020, through government in-
tervention to regulate national emissions such
as an Emission Trading Scheme and low car-
bon technology development national plan in-
cluding as CCS.

In July 2010 the presidential committee
on green growth together with five ministries

has announced the national CCS master action
plan — also known as the “Korea CCS 2020
Action Plan”.

There are a few categories of action such
as innovative CCS technology development
and large-scale integrated demonstrations, fol-
lowing the example from Europe, including
infrastructure for CO2 transportation; the se-
lection of potential storage sites and CO2 uti-
lization. Korea is aiming to develop world
class CCS technology and commercialize the
technology by 2020 through the implementa-
tion of Korea CCS 2020 action plan.

According to the Korean Carbon Capture
and Sequestration R&C center, the research
team has developed commercially feasible
membrane technology for CCS in October
2013 which is the most significant technology
development in the last decade.

(DM and CCS

The establishment and refinement of the
arrangements for CCS in the Clean Develop-
ment Mechanism (CDM) will also help create
the institutional arrangements necessary for
CCS as a mitigation option and enhance in-
dustry and public confidence in CCS.

During the United Nations Framework
Convention on Climate Change (UNFCCC)
conference held in Doha, Qatar, from 26 No-
vember to 8 December 2012, two outstanding
CCS issues under the CDM negotiations were
dealt with at the 8th session of the Conference
of the Parties serving as the Meeting of the
Parties to the Kyoto Protocol (CMP 8). The
two issues were first outlined at the Meeting
of the Parties in 2011, after which the Sub-
sidiary Body for Scientific and Technological
Advice (SBSTA) was tasked to:

« explore the eligibility of CCS projects
that involve the transport of CO2 from one
country to another or which involve geologi-
cal storage sites that are located in more than
one country,

* establish a global reserve of certified
emission reduction units for CCS projects (in
addition to the agreed temporary reserve of
five per cent).

As a large number of CDM projects -
more than 50% worldwide - have actually
been developed in Asia and taking into ac-
count that there is already a well established
legal and institutional framework in place
dealing with renewables and energy efficien-
cy projects under the Kyoto Protocol, there is
a clear potential to finance and deploy CCS
pilot projects under such a scheme.

Condlusions

It is essential that CCS will be included in a
portfolio of low-carbon technology as a means
to mitigate climate change for developing
countries. First in line are the emerging Asian
countries that have seen a massive increase in
energy demand in the last decade due to their
booming economies getting more and more
competitive with the western world.

It makes sense for such economies dom-
inated by fossil fuel-based emissions to start
laying the groundwork for CCS as from now
as some of the essential enabling (regulatory)
and pre-investment activities — by being coun-
try specific - can take years to realize.

Whereas policy makers might fail or de-
lay their decision, the business sector should
play a key role on this: in fact, in the last few
years, several financial organisations have
started to put conditions into contracts for new
power plants. It is essential to start these ac-
tivities early so that a country can benefit from

CCS in the years ahead. ?‘EJ!-L'.!LI"'
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Can industrial CO2 use contribute to
climate change mitigation?

Carbon capture and reuse has the potential to have significant energy, economic and environmental
benefits. But the technology needs to be brought up to commercial scale and markets developed for

the end products.

By Paul Zakkour, Director, Carbon Counts, London, UK and Member, CCS Working Group of the CDM Executive Board

Over the last decade or so, interest in the use
of carbon capture and geological storage
(CCS) as a climate change mitigation option
has largely overshadowed the potential for
using CO?2 in industrial and commercial ap-
plications.

The general perception is that CO2 use
as an industrial feedstock has limited appli-
cability, whilst concerns regarding the per-
manence of such emission reductions and the
fundamentally low activation state of the
molecule — meaning large amounts of ener-
gy and/or catalysts are needed to synthesize
products from CO2 — has resulted in CO2
utilisation (CCU) being widely ignored in
discussions regarding climate change miti-
gation. The one exception to this has been
the use of CO2 to mobilise hydrocarbon
fractions in mature oilfields, know as CO2-
enhanced oil recovery (CO2-EOR), for
which interest has been sustained, albeit with
deployment still limited to only a few parts
of the world. More recently, however, the
idea of utilising CO2 in industrial processes
has been making something of a comeback.

What's driving the interest?

A variety of factors are renewing interest:
firstly, widespread demonstration of CO2
capture with geological storage hasn’t really
met the expectations of a few years ago, es-
pecially in Europe; second, many develop-
ing countries without firm commitments to
reduce emissions are less attracted to paying
to put CO2 into the ground, but are interest-
ed in potential applications where captured
CO2 can be put to work; third, from a com-
mercial perspective, using CO2 offers a
means to offset capture costs and enhance
productivity, whilst its use as a substitute for
other sources of carbon could significantly
reduce the cost of materials production.
Moreover, utilising CO2 can help to create a
closed-loop recycling system for carbon at a
facility-level, supporting wider sustainabili-
ty goals.

What are the potential applications
for CCU?

Using CO?2 in a variety of commercial and
industrial applications is nothing new.

conversion
feedstock energy
Ureayieldboosting Biofuels
Polymers Syngas/methane
Carbamatas Formic acid
Carbonates Renawable
methanol

co,

— 1

non-conversion

h 4 .
Enhanced oil recovery En. geothermal
(EOR) systems (EGS)
En.gasrecovery (EGR}  supercritical COy
Enhanced coal bed power wcms

meth ane (ECEM)

Figure 1 - Summary of CCU application typology

Source: Ecofys/Carbon Counts’

Presently, CO2 is used for things such as
food preservation, dry cleaning, decaffeinat-
ing coffee and the manufacture of inorganic
fertilisers. In addition, use of captured CO2
for EOR - essentially an extension of the ge-
ological storage climate mitigation pathway
— has been practised for almost 40 years in
the United States.

Aside from these, other more novel
means to utilise captured CO2 in industry in-
clude processes where CO?2 is used for con-
version into new products, or in non-conver-
sion applications where it acts as working
fluid (Figure 1). Such applications include:

Using CO2 to make low carbon liquid
fuels, such as methanol made using renew-
able electricity, where CO2 forms an essen-
tial source of carbon, or use of CO2 to en-
hance algae growth, which can be used to
make 3rd generation biofuels and other ad-
vanced products including cosmetics and nu-
tra- and pharmaceuticals;

Using CO2 to make polymers, where it
acts as an alternative source of carbon to oil
or natural gas. Products under trial using
CO2 include polyurethane foams, which can
be used to make mattresses, and polycarbon-
ates, which can be used to make a variety of
consumer and industrial products;

Its use as a working fluid — such as in
CO2-EOR - and in power cycles in boilers
and for enhanced geothermal technologies;
and,

Using CO2 in concrete curing for pre-
cast concrete applications and to stabilise
toxic waste such as “red mud”, a by-product
of bauxite mining.

What's the current status of the
different technology pathways?
These different applications are presently at
differing stages of technical and commercial
maturity. While some of the incremental
technologies could be readily established in
existing mature markets (e.g. using more
CO2 to boost urea production), others re-
main at the theoretical and R&D phase and
need further efforts to reach commercial sta-
tus.

Pre-commercial CCU technologies face
a wide range of obstacles to commercialisa-
tion, including successful demonstration of
the technology itself i.e. overcoming R&D
challenges, and also external factors, such as
competition from alternative services and
goods, public acceptance. A key technical
challenge facing several promising CCU ap-
plications is overcoming the large energy re-
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quirements in the conversion of CO2 to oth-
er products, particularly those involving cat-
alytic processes.

In some circumstances, certain tech-
nologies are already well established but will
only be viable only under certain conditions,
requiring a niche set of circumstances for

CCU technology
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being driven at a number of levels across a
wide range of global settings. Key actors in-
clude various academic R&D programmes,
international companies such as Bayer,
BASF and Dow Chemicals, and, increasing-
ly, a number of VC-backed start-up compa-
nies. In the case of the latter, the US contains
a wide variety of start-ups actively looking
at the CO2-to-fuels, often backed by large
federal R&D and funding programmes.

Several US programmes are also devel-
oping new uses for CO2 in chemicals pro-
duction, including a US Department of En-
ergy-funded CCU programme under which
the Massachusetts Institute of Technology
(MIT) in partnership with Siemens has been
developing CO2 utilization technologies for
the production of polymers.

Europe is also increasingly active in
seeking uses for CO2 within the chemicals
sector, most noticeably Germany with its
large, advanced, chemical engineering in-
dustry but also within other pockets in UK,
France and Italy. Supported by a range of
funding programmes, various R&D efforts
are ongoing across Europe exploring
processes for using CO2 across different en-
ergy applications, from algae-based biofuels
to hydrogen fuel cell technologies.

Further afield, a growing body of
RD&D activity is emerging in India, China
and other parts of the Far East, and also in
the Middle East - where pilot projects using
CO2 for algae cultivation and in cement pro-
duction have recently been launched. Fur-
ther, the potential use of CO2-EOR to in-
crease oil and gas production remains a key
interest to many governments, such coun-
tries in the Middle East, Egypt, China, South
East Asia (e.g. Thailand, Indonesia), and In-
dia.

However, whilst interest in CCU tech-
nologies is growing fast in many parts of the
world, expansion is from a small base, limit-
ed to lab- and, at best, pilot-scales, and re-
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Table 1 - Technical maturity of various CCU technologies

Source: Ecofys/Carbon Counts’

Note: status description based on similar approaches used by the Intergovernmental Panel on

Climate Change (IPCC)?

stricted to certain niche circumstances. The
primary challenges regarding the fundamen-
tal economics and the capacity of such tech-
nologies to contribute to long-term emission
reductions remain key hurdles to progress.

Economic challenges for CCU

At present, most CCU technologies face
high capital and operating costs. Although
some applications are already being de-
ployed on a limited commercial basis in dif-
ferent settings worldwide, others will need a
major step-change in cost reductions to com-
pete with existing products. For example, it’s
likely that the costs associated with algae
cultivation will need to fall by factor of be-
tween 5 to 10 for it to become cost-effective
and competitive with other emerging low
carbon energy sources.'

Different CCU technologies face vari-
ous specific challenges, but as with all
emerging technologies the real key to reduc-
ing costs is about scaling-up. As seen in nu-
merous cases from the development of solar
photovoltaic (PV) cells to flue gas desul-
phurisation (FGD) units, step-change tech-
nology cost reductions are only achieved

with the scaling-up of production and tech-
nology dissemination.

Further, most CCU technologies share
the same barriers as those faced by CCS.
These include the high up-front investment
and ongoing project costs, unproven technol-
ogy at scale and across the full value chain,
and additional energy requirements — the so-
called “energy penalty”. However, whereas
CCS is undertaken purely for reasons of
emissions reduction, most CCU applications
will be competing in existing markets.

Reducing costs is important, but com-
petition will therefore also play a role — in
both established markets such as chemicals,
but also emerging ones such as low carbon
transport fuels. Here, the barriers to commer-
cialisation can vary from market inertia (i.e.
the challenges of displacing technically and
economically proven products) to the need
for large-scale infrastructure changes to be
made (e.g. for widespread use of CO2-EOR
or formic acid-to-hydrogen energy).

Where costs cannot be reduced to lev-
els comparable with incumbent products and
services, then CCU technologies will clearly
need to demonstrate additional benefits
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which can create added value or avoid costs
(e.g. of CO2 emissions), or be otherwise sup-
ported (e.g. through other climate policy in-
centives). This latter point poses a further
hurdle for CCU technologies to address and
overcome.

Can CCU contribute to climate policy
goals?

The diverse range of CCU technologies all
share in common the ability to retain carbon
within a cycle at least over the short-term,
thereby avoiding release of CO2 to the at-
mosphere. However, different technologies
deliver emissions reductions that can be ei-
ther permanent or semi-permanent, and/or
direct or indirect (Figure 2).

Some technologies fix carbon into
products such as polymers and mineralised
form such as construction materials, whilst
others, such CO2-EOR involve geologically
storing CO2, essentially locking CO2 up for
variable lengths of time. Alternatively, oth-
ers that involve alternative forms of liquid
fuels only temporarily store CO2, but also
reduce emissions through substitution and
displacement effects on conventional petro-
leum derived products.

In addition, where alternative process-
es employing CCU technologies use less en-
ergy intensive conversion processes — or val-
ue chains — than conventional methods, sec-
ondary emission reductions can also be
achieved through e.g. reduced electricity or
fossil fuel consumption. Furthermore, using
CO2 as a working fluid in some applications
can increase their energy use efficiency.

Although there is still a lack of reliable
evidence demonstrating the total and net
greenhouse gas benefits from CCU applica-
tions, there is a clear case recognised by pol-
icy-makers that several CCU technologies
can potentially play a part in reducing CO2
emissions to the atmosphere. In addition,
CCU is widely viewed as offering a suite of
technologies that can provide financial sup-
port for wider CCS deployment through the
creation of additional revenues to partially
offset the costs of establishing a full CCS
chain.

The prospect of developing value-
added applications for captured CO2 has
been a key element in garnering interest in
CCS over recent years, as demonstrated in
the transition in 2009 of the Major
Economies Forum initiative on CCS to the
Clean Energy Ministerial action group on
CCUS — the “U” representing the addition of
CO2 utilization to the scope of the group’s
remit.

Incorporating CCU within existing cli-
mate and CCS regulations presents chal-
lenges, however. Many of these relate to how
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Figure 2 - lllustrative emission reduction pathways for CCU technologies

Source: Ecofys/Carbon Counts’

Note: Because of the complexities involved and the lack of robust and comparable data
currently available, the scale of abatement shown is purely illustrative

their potential abatement benefits can be ad-
equately recognised and accounted for. One
such example is the treatment of CCU in the
EU emission trading scheme, where moni-
toring (or “MRV™) rules for Phase III of the
scheme do not allow for utilised CO2 to be
counted as a non-emission, except in the case
of geological storage (including CO2-EOR).

Allowing CCU technologies to be in-
cluded within the scheme will require the de-
velopment of specific MRV rules, which
could be challenging given the temporary or
non-permanent nature of some reductions,
and the substitution effects which will not be
readily visible through standard monitoring
approaches. For the latter, life-cycle based
accounting approaches covering production,
consumption and end-use will be needed to
reveal the true emission reduction benefits
that may be achieved.

But given the growing interest, there is
an emerging need for policy-makers to start
addressing these questions within climate
and low carbon policy frameworks, although
the MRV-related challenges are considerable
however, and will likely require bespoke ap-
proaches for specific applications. In addi-
tion to allowing a carbon price signal for
CCU technologies, other approaches that can
promote the potential benefits to consumers
could be used to help provide a commercial
incentive for CCU development. For exam-
ple, eco-labelling could offer a means to en-
hance the visibility of CCU derived prod-
ucts, using established schemes such as the
EC Ecolabel and Blau Engel.

What next for CCU?

There is growing interest in the role of CCU
technology worldwide, driven by various
factors of which climate policy is just one.
A Clean Energy Ministerial CCUS Action
Group now reports annually to leading ener-
gy ministers, and several countries are ac-
tively looking at how to incorporate the “U”
into their CCS policy frameworks.

In Europe, the Joint Research Centre (JRC)
of the European Commission is currently
funding a study to assess the potential role
of emerging CCU technologies in greater de-
tail. This project, building upon recent CCU
studies for the Commission, should help to
inform policy choices and focus R&D funds
under the EU’s flagship R&D programme,
Horizon 2020, starting in 2014.

There is clearly enthusiasm in Brussels
and elsewhere to support CCU for a number
of reasons, including climate policy, support
for CCS, and industrial innovation. As such,
the coming years look likely to be an inter-

1. Hendriks, C., Noothout, P, Zakkour, P.D. and
Cook, G. (2013) Implications of the Reuse of
Captured CO2 for European Climate Action
Policies. Final Report to the European
Commission, DG Climate Action. February
2013, Brussels. Publication forthcoming.

2. Metz, B, Davidson, O., de Coninck, H.C.,
Loos, M., and Meyer, L. A. (eds.), 2005. IPCC
Special Report on Carbon Dioxide Capture
and Storage. Prepared by Working Group Il
of the Intergovernmental Panel on Climate
Change Cambridge and New York:
Cambridge University Press.
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esting period for CCU related research and
policy developments.Mitigation of a global
environmental issue, climate change, is an
extremely complex challenge that requires a
broad based strategy to ensure a long-term
sustainable solution. A key method practiced
today is utilization of carbon dioxide (CO2)
through Carbon Capture and Reuse (CCR).
Here the CO2 emitted from industrial
sources is captured and processed into valu-

able products resulting in recycling of CO2.
These methods have the potential to have
significant energy, economic and environ-
mental benefits and form an important leg of
the carbon capture technology.

However, before the benefits can be re-
alized, this technology needs to be brought
to commercial scale and large volume mar-
kets for the end products containing CO2
need to be developed. Ciptufe

More information
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tancy in the field of climate change.
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Manufacturing innovative materials for CO2
capture and reuse

Novomer is rapidly scaling its novel technology to produce high performance polycarbonate polymers
using CO2 as an inexpensive chemical feedstock.
By Harshal Sawant, Business Development Associate, Novomer Inc.

In an effort to advance Carbon Capture and
Reuse (CCR), Novomer has developed a nov-
el catalyst technology which enables CO2 to
react with petrochemical epoxides to create a
family of polymers that contain up to 50 per-
cent by weight CO2.

Novomer polyols are designed to re-
place conventional petroleum-based poly-
ether, polyester, and polycarbonate polyols.
Novomer’s ability to reduce petroleum usage
by at least 50 percent — while also converting
CO2 from pollution into valuable materials —
has the potential to transform the
polyurethane industry on a large scale.

This method also yields a product with
an extremely low carbon footprint. In addi-
tion, since waste CO2 is significantly lower
in cost than conventional petroleum-based
raw materials, Novomer polyol manufactur-
ing costs will be favorable when compared to
conventional polyols (at similar scale produc-
tion). The initial market for Novomer prod-
ucts accounts for over 7 million tons of pro-
duction per year, growing at 5.5% annually.

The application to carbon
sequestration
In 2009, industrial sector energy consumption
accounted for slightly more than one-quarter
of the total U.S. carbon dioxide (CO2) emis-
sions of 5,405 million metric tons, according
to data from DOE's Energy Information Ad-
ministration. It is therefore anticipated that
large volumes of CO2 will be available as fos-
sil fuel-based power plants and other CO2-
emitting industries are equipped with CO2
emissions control technologies to comply
with regulatory requirements.

Novomer’s technology of converting
CO2 into useful materials can help reduce

ECTION MOLDED STICKS.

Figure 1 - Novomer's Polypropylene Carbonate (PPC) Polyol and its various applications

CO2 emissions from industrial plants, espe-
cially in areas where long-term geologic stor-
age of CO2 is not practical. In contrast to Car-
bon Capture and Sequestration (CCS), this
conversion of emissions to Novomer products
can be achieved without the benefit of gov-
ernment subsidies as the materials can be sold
at a profit given their high performance and
low cost structure.

Analyzing only one of Novomer’s many
potential applications, 1.33 million tons of
C02 would be utilized globally per year to

produce rigid and flexible Polyurethane
foams containing 25% of their polyol. This is
roughly equivalent to the annual amount of
CO2 emissions generated by 275,000 cars.

Products and unique properties

The core catalyst which enables this technol-
ogy is a proprietary cobalt-based compound
first developed at Cornell University by Pro-
fessor Geoffrey Coates and further optimized
by Novomer. The resulting CO2-containing
polymers can be tailored for applications with
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a broad range of material characteristics de-
pending on the size of the polymer chain,
epoxides used, and functionality.

Due to its unique high density polycar-
bonate backbone, perfect OH functionality,
and precise Molecular Weight control, the in-
corporation of Novomer’s PPC polyols into
existing polyurethane formulations results in
flexible, rigid, and microcellular packaging
foams with higher tensile strength, tear
strength, load bearing capacity; adhesives and
surface coatings with improved adhesion, co-
hesive strength, and weatherabilty properties
such as UV and water-resistance; and elas-
tomers with greater tensile and flexural
strength.

Current status of Novomer's technology
and future efforts

To demonstrate the robustness of the catalyst
and manufacturing process, and the ability to
move from lab to commercial scale, Novomer
successfully ran the world’s first large-scale
production campaign of a 1,000 molecular
weight polypropylene carbonate (PPC) poly-
ol. The PPC polyol was scaled up and pro-
duced with Albemarle at their Orangeburg,
SC manufacturing facility using existing
Albemarle equipment with only minor modi-
fications.

The multi-batch production run generat-
ed over seven tons of in-spec finished polyol,
which will be used to accelerate product qual-
ification. The capital requirements and oper-
ational costs to produce these new polyols
closely mirror conventional petroleum based
polyol production costs. The combination of
mild reaction conditions and displaced petro-
leum feedstock greatly improves the energy
efficiency, embedded energy, and Green
House Gas (GHG) footprint of Novomer’s
materials versus competitive materials.

This production run was the culmination
of a $25 million, three year project funded in
part by an award from the U.S. Department
of Energy - Office of Fossil Energy. Convert-
ing captured CO2 emissions from industrial
sources into useful products is an important
component of the Office of Fossil Energy's
Carbon Capture and Storage program, which
is managed by the National Energy Technol-
ogy Laboratory and funded by the American
Recovery and Reinvestment Act.

In addition to the US Department of En-

Total cost comparison: Novomer vs. polyether polyol

Source: MNexant Polyether Polyols report, Novomer cost models
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Figure 2 - Total cost comparison. CapEx and OpEx costs are similar so raw material advantage

hits bottom line

ergy’s significant financial recognition of
Novomer’s technology, a number of leading
institutions have recognized its potential with
various awards such as MIT Technology Re-
view's 50 Most Innovative Companies, 2011
ICIS Award for Innovation with Best Envi-
ronmental Benefit, Informex USA Sustain-
ability Award, and the best paper award at the
CPI Global Polyurethanes Conferences in
2012 and 2013.

Novomer’s polyols are currently ready
for commercialization. Novomer is actively
developing applications for their polyol by
working closely with more than 100 compa-
nies in various segments of the polyurethanes
industry. Novomer’s future production plans
involve building a 5,000 ton/year fully inte-
grated demonstration scale plant.

This increased capacity is needed to
serve customers and to refine the techno-eco-
nomic model and eliminate the risk of mov-
ing to full commercial scale plant (50K
tons/year capacity). Novomer is currently in
discussion with several potential toll manu-
factures who already have the equipment in
place to produce its products.

Future application of this kind of
technology in the wider context of
carbon mitigation.

Currently geologic storage of CO?2 is the pri-
mary method used for CCS, involving meth-

ods such as CO2 sequestration and Enhanced
Oil Recovery (EOR), which have been com-
mercially proven and are viable. In addition
to polyurethane applications, Novomer is al-
so exploring the potential for its CO2 poly-
mer technology to enhance the yield of CO2
EOR technology through the creation of spe-
cialized surfactants or additives.

Like Novomer polyols, these surfactants
would be partially composed of CO2 and are
designed to make the use of CO2 EOR more
efficient. While this work shows promise, it
is still in the early phases of development.

The use of CO2 as a feedstock is a grow-
ing area of research and commercial activity.
Other new technologies being investigated by
other emerging companies include the utiliza-
tion of CO2 as a feedstock for the production
of chemicals and fuels. Novomer, however, is
one such company well down the path of
commercializing an innovative technology to
convert carbon pollution from a climate threat
to an economic resource. This represents one
step towards a thriving and clean energy econ-

omy. ‘;‘,J'!.L e
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Integrating carbon capture into precast
concrete production

CarbonCure has developed a carbon capture process that is fast and easy to integrate with existing cement
plants. Using CO2 as a feedstock can improve concrete properties as well as permanently storing CO2.
By S. Monkman, Vice President Technology Development, CarbonCure Technologies, Halifax, Canada

Approximately 5% of global CO2 emissions
are related to cement production. The cement
and concrete industry is pursuing a number
of initiatives to reduce CO2 emissions but a
significant CO2 mitigation will still be de-
sired.

Novel solutions are sought. The reac-
tion of carbon dioxide with hydrating cement
is known to produce stable carbonate reac-
tion products. These reactions can serve to
effectively bind CO2 in the cement matrix
while offering material benefits. Studies sug-
gest that a carbon dioxide treatment of fresh
concrete can improve concrete properties
such as strength, resistance to chloride per-
meability, and freeze-thaw damage while
permanently sequestering CO2.

Efforts are underway to develop a com-
mercial process to manufacture concrete
products using fresh concrete carbonation.
Demonstration data suggests that carbon
dioxide can be integrated into precast con-
crete production with resultant strength ben-
efits in excess of 20%. A producer can use
the increased strength to reduced cement us-
age and thereby lead to economic savings
and reductions in embodied CO2.

Background

Carbon dioxide emissions are a significant
issue for the cement and concrete industry.
It is estimated that 5% of the world’s annual
CO2 emissions are attributable to cement
production. The process of producing ce-
ment produces carbon dioxide from two
sources.

Raw materials, including limestone, are
heated to drive off chemically combined
CO2 and leave reactive CaO phases. Signif-
icant emissions further come from the car-
bon dioxide associated with the fuel required
to operate the cement kiln.

The production of 1 tonne of clinker re-
quires 1.13 tonnes of raw materials and re-
sults in an emission of around 0.865 tonnes
of CO2 wherein about 0.5 tonnes is associ-
ated with the calcination and the remainder
with the energy consumption. The resulting
cement clinker will then typically be blend-
ed with additional materials (i.e. blast fur-
nace slag, fly ash, silica fume) to create a

Figure 1 - An example of the kind of concrete products that can be manufactured using the
CarbonCure process

blended cement.

If the substitution rate of the clinker
reaches 25% then the specific emissions in-
tensity can be driven down from 865
kg/tonne for the clinker to 650 kg/tonne for
blended cement.

The cement industry recognizes a few
approaches to reduce the emissions intensity
of the cement as it is produced and later used
in concrete. The thermal and electrical effi-
ciency of cement production can be im-
proved by deploying the best available tech-
nology in new cement plants and retrofits.

Alternative and less carbon-intensive
fuels can be used as the energy source. The
rate of substitution in blended cements can
be maximized. Finally, carbon capture and
storage (CCS) can capture cement industry
CO2 emissions before they are released and
store them permanently.

It is clear, however, that practical limits
on the impacts of these measures mean that
it will be difficult to achieve the industry
goal to reduce emissions 50% below 2006

levels by 2050 that was outlined in the Glob-
al Cement Technology roadmap released by
the International Energy Agency and the
WBCSD.

The history of emissions intensity reduc-
tions relating to concrete has seen significant
improvements through greater kiln and
process efficiency, the use of blast furnace slag
and fly ash as supplementary cementitious ma-
terials, and, more recently, the increased use
of limestone fines in blended cements.

Further reductions will come from a va-
riety of approaches though none promise to
be sufficient on their own to amount to the
desired difference. Innovative approaches
are sought.

One potential measure is to investigate
the beneficial reaction of carbon dioxide and
freshly hydrating cement. If an industrial
process could successfully use carbon diox-
ide as a feedstock in the production of con-
crete building products there would be wide-
ly distributed carbon utilization that would
effectively ‘close the loop’ for the carbon

—
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dioxide emitted during the cement produc-
tion.

Carbon Capture by cement

The mechanism of the carbonation-curing of
cement was systematically studied in the
1970s at the University of Illinois. The main
calcium silicate phases in cement (3CaO-
Si02 and 2Ca0-Si02) were shown to react
in the presence of water to form both calci-
um carbonate and a lower calcium form of
calcium silicate hydrate gel. In contrast, the
conventional hydration products are mainly
calcium hydroxide and calcium silicate hy-
drate gel.

The carbonation reaction is sponta-
neous and exothermic and the calcium car-
bonate is thermodynamically stable thereby
offering permanent carbon dioxide storage.

The reaction of carbon dioxide with a
mature concrete microstructure can be asso-
ciated with durability issues such as shrink-
age, reduced pore solution pH and carbona-
tion induced corrosion. Notably, the carbon-
ation curing process applies CO2 to fresh
concrete rather than to mature concrete.

Researchers have identified beneficial
outcomes such as: improved strength, re-
duced absorption, improved resistance to
chloride permeability, and improved freeze-
thaw performance. Additionally, permanent
CO2 storage in the concrete allows produc-
ers to create more sustainable building prod-
ucts with improved performance.

Concrete masonry production

The commercial production of precast con-
crete block occurs by forming dry mix con-
crete in a moulding machine and then curing
the formed blocks. In a typical plant, vari-
ous ingredients are conveyed to a mixer to
make concrete. The ingredients may be, for
example, fine aggregate, coarse aggregate,
fly ash, cement, chemical admixtures, and
water.

The mixed concrete is transferred to a
hopper located over a moulding machine. In
each production cycle, an appropriate vol-
ume of concrete passes from the hopper to
the moulding machine. The concrete is
formed and compacted (shaken and com-
pressed) in the moulding machine into a plu-
rality of blocks, typically four or more. A
complete production cycle is typically com-
plete in 6 to 12 seconds.

The blocks move from the moulding
machine on a tray, which is thereby con-
veyed to a curing area. Normally, the blocks
are subject to accelerated curing through the
application of steam or heat. The cured
blocks are removed from the curing area and
sent to further processing stations for pack-
aging and transport to the end user. Carbon-

Figure 2 - The mobile pilot trailer in place at one of the trial sites

Cure Technologies has pursued the benefi-
cial utilization of carbon dioxide in the man-
ufacture of precast concrete products.

The first generation concrete carbona-
tion technology developed by CarbonCure
was directed towards standard concrete
blocks.

Integration of carbon capture

The CarbonCure™ Masonry System pro-
vides controlled doses of gaseous carbon
dioxide into the mixer feeding into a mason-
ry production machine. The concrete and
carbon dioxide are intermixed while the mix-
ing cycle proceeds. The brief gas delivery
time allows the carbon dioxide to be simply
integrated into a conventional process
whereby benefits of carbonation of fresh
concrete can be realized in an industrially
scalable manner.

The mixer serves as a nominally con-
tained reaction vessel. The immediate im-
pacts of carbon dioxide on fresh concrete can
typically be addressed with simple steps
such as slight increases in the amount of mix
water. The carbonated concrete is discharged
from the mixer and thereafter used within the
conventional masonry production process.

The technology is supplied as a retrofit
to existing production equipment and sys-
tems. A liquid CO2 supply on site communes
with the gas delivery system to provide a
room temperature supply of carbon dioxide
gas. The injection is synchronized with the
mixing cycle and is proportioned appropri-
ately for a given mix design. The gas is com-

mercial grade CO2 that has been captured
from point-source supplies.

Alternative carbonation approaches for
fresh concrete potentially offer higher car-
bon dioxide absorption through the use of
specialized and displacive plant infrastruc-
ture (i.e. pressure chambers) and greatly ex-
tended carbonation times. These tradeoffs
are unattractive for concrete producers that
prefer to use their existing equipment and
adhere to their established production cycles.

The CarbonCure system has minimal
impact on the conventional production
processes and producers can apply their ex-
isting knowledge of concrete production to
optimally run the integrated carbon capture
process.

Ultimately, the CarbonCure Masonry
System is a platform technology that can be
readily integrated with other strategies (e.g.
supplementary cementitious materials, alter-
native manufactured aggregates) to reduce
the carbon footprint of concrete.

Industrial Pilot

The technology has been developed through
a series of trials at Shaw Brick (Nova Sco-
tia), Basalite Concrete Products (California),
Atlas Block (Ontario) and Northfield (Illi-
nois) in 2011 to 2013. An August 2013 trial
found that uptake efficiencies (carbon diox-
ide captured as a fraction of the carbon diox-
ide delivered during the injection) exceeded
80%. The carbonated blocks were found to
develop strength that was 15% to 19% high-
er than the control strength at 7, 28 and 56
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days. The carbonated blocks had a density
equivalent to the control block and water ab-
sorption 18% lower.

A proprietary admixture has been de-
veloped for use in the carbonated concrete
that allows the treatment to further improve
the concrete properties. Carbonated blocks
made using the admixture were 25 to 46%
better in the 7 to 56 day range, the water ab-
sorption was 33% lower and the density was
1.6% higher. The absorbed carbon dioxide
was estimated to reach 78 Ibs of CO2 per-
manently captured within a 1000 ft2 mason-
ry wall.

Producers can accept the potential
strength benefits or develop a reoptimized
mix design for use with the carbonation
process that matches the conventional
strength but does so using a lower cement
content. In the latter case, the absorbed car-

bon dioxide and avoided emissions associat-
ed with the cement reduction would work to-
gether to effectively to lower the embodied
carbon of the concrete blocks.

Future
CarbonCure Technologies is pursuing tech-
nological developments to improve the car-
bon dioxide absorption and to expand the
concrete product types the system can ad-
dress. Experimental procedural modifica-
tions have established that the amount of car-
bon dioxide that can absorbed by the con-
crete can be double or tripled without devi-
ating from the industrial production rates.
The carbonation approach has also
been used in trials with precast and ready
mix concrete. Early results offer promise that
equivalent materials performance can be as-
sured if not strength benefits realized. Work

is underway to expand the technology into
the wet mix concrete space by first pursuing
a broad durability study.

Over the course of the next five years,
our technology roadmap will yield a proven
turn-key engineered solution for the Canadi-
an and global concrete industry that address-
es their urgent demand for green technolo-
gies without negatively impacting their ma-
terial performance or profitability. The ulti-
mate goal is to integrate CarbonCure tech-
nologies with complementary materials and
technologies to produce carbon-negative
concrete at full-scale without compromising
profitability or material quality. E‘QJ'!-L'.H'“

More information
smonkman@carboncure.com
WWW.carboncure.com

Guangdong Province, China - getting ready
for CCUS development

A three-year project , funded by the UK Government and the Global CCS Institute, has yielded promising
results for CCUS deployment in Guangdong.

Guangdong is among the wealthiest and
most populous provinces in China, support-
ed by an expansive manufacturing sector and
home to a wide-ranging set of multinational
and Chinese Corporations. Under the 12th
Five—Year Plan, Guangdong was one of sev-
en cities and provinces designated to pilot
emissions trading schemes (ETS) ahead of a
national ETS to be implemented by 2016.

While carbon capture utilisation and
storage (CCUS) research and demonstration
projects have been undertaken in the north-
ern parts of China from as early as 2005, the
Guangdong CCS Ready (GCCSR) project is
the first substantial CCUS activity in South-
east China. Guangdong has a high depend-
ence on imported energy (about 95 per cent)
and, compared with some other provinces,
its industrial structure is considered 'light'.
CCUS was therefore not a priority in this re-
gion and, prior to the GCCSR project, local
knowledge of CCUS and its potential use
was limited. Since the GCCSR project, how-
ever, CCUS has been included in the Provin-
cial Low—Carbon Development Plan.

These results are published in the GCC-
SR Project Final Report, which comprises
the following six parts:

* Analysis of carbon dioxide (CO2)
emissions in Guangdong Province, China

* Assessment of CO2 storage potential

for Guangdong Province, China

* CO2 mitigation potential and cost
analysis of CCS in the power sector in
Guangdong Province, China

e Techno-economic and commercial
opportunities for CCS-ready plants in
Guangdong Province, China

* CCUS capacity building and public
awareness in Guangdong Province, China

* CCUS development roadmap study
for Guangdong Province, China

The key report findings are summarised
as follows:

* CCUS is necessary to achieve deep
cuts in CO2 emissions in Guangdong
Province, China

e CO2 storage in the province will
mainly be offshore

* there are great cost benefits in mak-
ing new thermal power plants CCUS-ready

e an carly opportunity exists for a
large—scale (one million tonnes of CO2 per
annum) CCUS demonstration project in
Guangdong, involving CO2 captured from
hydrogen production for potential storage in
an offshore near-depleted oil field.

The project also proposes a CCUS de-
velopment roadmap for the province to 2030
and, more generally, it has increased CCUS
capacity and public awareness in the region
and nationally.

Following the success of the GCCSR
project, further funding from the UK Gov-
ernment is supporting a new project focus-
ing on the business aspects of CCUS. This
project commenced in July 2013 and is
called "Implementing CCUS from UK to
China: A comparative analysis with a focus
on Guangdong Province" (ICCUS). Other
activities in the region include development
of the Guangdong International CCUS In-
dustry and Academic Collaboration Centre
and the signing of the UK—China Low—Car-
bon Collaboration Joint Statement on 29 Oc-
tober 2013.

There are clear signals that Guangdong
Province recognises the importance of
CCUS and that the increasing level of activ-
ity we are now seeing is set to continue.

chprife

More information

This article was written by Di Zhou, Pro-
fessor at the South China Sea Institute of
Oceanology, Chinese Academy of Sci-
ences. Currently she is leading the re-
search project “Feasibility of CCS Readi-
ness in Guangdong Province”.

It originally appeared as a blog post on the
Global CCS Institute website:
www.globalccsinstitute.com
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The European CCS Demonstration Project
Network - progress update

The report outlines the progress, lessons learnt and details of the European CCS Demonstration Project

Network.

Founded in 2009, the European Carbon cap-
ture and storage (CCS) Demonstration Proj-
ect Network (Network) is a unique commu-
nity of leading large-scale CCS projects ded-
icated to sharing knowledge and aiding the
development of this clean, low-carbon tech-
nology.

During 2012 the Network comprised
the six leading European large scale CCS
projects, either operating or in development,
which all aim to demonstrate the commer-
cial deployment of the technology, address
any issues that arise, and pave the way for
the wide-spread use globally of this clean
way of generating electricity and industrial
production. In 2012 the Network’s projects
were: Belchatow (Poland - cancelled in ear-
ly 2013), Compostilla (Spain), Don Valley
(UK), Porto Tolle (Italy), ROAD (The
Netherlands), and Sleipner (Norway).

The report highlights that the projects
are making progress towards deployment,
but not as quickly as originally anticipated.
While some are facing delays in obtaining
permits, most of the projects under develop-
ment face major challenges in attempting to
reach a final investment decision (allowing
the projects to be constructed and become
operational) due to the lack of appropriate
funding and incentives that will allow this
key low-carbon technology to be demon-
strated at scale in Europe.

While there are no technical obstacles
or risks associated with deployment, CCS
has not been previously deployed at scale in
the power sector. Projects in the US, Cana-
da, Australia and China are being actively
developed - and while initially holding the
lead in project and technological develop-
ment, European projects are slowing in their
progression. Not actively developing CCS
will be a risk for Europe and its long-term
competitiveness in a carbon-constrained fu-
ture.

The Network itself has gone through a
number of changes during 2012. An opera-
tional project has joined the Network (Sleip-
ner) which turned out to have a wealth of in-
formation for the other projects, helping ac-
celerate their deployment. One project left
the Network because it has been put on hold
(Janschwalde) followed by the cancellation

carbon capture journal - Nov - Dec 2013

SILECTTIO PROSCTS
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Don Valley,
UK

Power sector
650 MW, pre-
combustion
5 Mtpa CO,

ROAD, NL

Power sector
250MW,
post-
combustion
1.1 Mtpa CO,

Compostilla, ES
Power sector 330MW, oxyfuel
1.6 Mtpa CO,

Sleipner, NO
Gas processing
0.9Mtpa CO,

Betchatow, PL
Power sector
260MW,
post-combustion
1.8Mtpa CO2

Janschwalde, DE
Power sector 300MW,
post-combustion &
oxyfuel
1.7Mtpa CO,

Porto Tolle, IT
Power sector 250MW, post-combustion
1 Mtpa CO,

European CCS Demonstration Project Network

of a second project (Belchatéw) in early
2013. There was also a change in Secretariat
of the Network, which now comprises of The
Global CCS Institute, IFPEN, TNO and SIN-
TEF.

The Network is composed of two post-
combustion power projects (ROAD, Porto
Tolle), a gas processing project (Sleipner),
one oxy-fuel power project (Compostilla),
and one integrated gasification combined cy-
cle (IGCC) power project (Don Valley).
Sleipner is the only project currently in op-
eration. All will capture over 1 million
tonnes of CO2 per annum each, at a capture
rate of over 90%. The capture component in-
curs the largest capital and operational costs.
SOx and NOx (impurities of sulphur and ni-
trogen) are quoted by the projects as the
most common expected impurities in the slip
stream gas.

All of the Network’s projects will use
pipelines to transport the CO2 they capture.
Four projects (Don Valley, Porto Tolle,
ROAD and Sleipner) use, or intend to use,
offshore pipelines. Collectively pipeline in-
let pressure will be between 129 and 180bar,
and inlet temperature will be between 30 and
80 °C.

For storage, a range of storage sites are

being used or have been investigated, rang-
ing from onshore saline formations, to oft-
shore depleted gas reservoirs and the use of
CO2 EOR operations. Operational and pro-
jected bottom-hole pressures for Compostil-
la, Don Valley and Sleipner range from 80
to 248 bara, and injection rates vary between
30-70 kg/second.

The Projects consider that public en-
gagement is one of the key management en-
abling activities to support the deployment
of capture, transport and storage infrastruc-
ture. As a general conclusion the proponents
believed that direct engagement is the most
effective form of interaction, and that con-
sistent messaging is very important.

In terms of permitting and regulatory de-
velopment, the ROAD project’s storage per-
mit has been successfully reviewed by the Eu-
ropean Commission, which has given its first
opinion of a permit submitted under the CCS
Directive (a second opinion will be given pri-
or to injection) in February 2012. The Don
Valley project has obtained its storage apprais-
al licence for the target saline storage site in
the southern North Sea. This is the first such
licence awarded in the UK and pursuant to this
intrusive appraisal drilling has been success-
fully undertaken in summer 2013.
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The Belchatow and Belchatow Janschwalde
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knowledge sharing, dis-
cussing a wide range of top-
ics that are central for the
wide deployment of this low-
carbon technology.

During 2012 a large number of expert
knowledge sharing workshops were held -
often with other large scale projects both
within Europe and internationally, and a
number of research projects - covering a
wide range of topics. These workshops in-
cluded discussions covering CO2 monitor-
ing techniques, public engagement activities,
regulatory and permitting developments, and
storage characterisation.

Collectively the Network has stored 1
million tonnes of carbon dioxide during
2012. The projects within the Network work-
ing toward operational status continue to be
developed, despite adverse delays due to
permits and the unfavourable conditions for
making final investment decisions.

During 2012 the Network was com-
prised of 3 post-combustion power projects,
a gas processing project, one oxy-fuel pow-
er project, and one IGCC power project.
Sleipner is the only project currently in op-
eration. Each and every project will capture
over 1 million tonnes of CO2 per annum, at
a capture rate of over 90%. The energy de-
mand for capturing CO2 for the power sec-
tor incurs the largest cost. SOx and NOx are
quoted by the projects as the most common
expected impurities in the slip stream gas.

Four projects (Don Valley, Porto Tolle,
ROAD and Sleipner) use, or intend to use
offshore pipelines. Collectively pipeline in-
let pressure will be between 129 and 180bar,
and inlet temperature will be between 30 and
80 °C.

For storage, a range of storage sites are

CCS project quick reference table. *Project in operation.

being used or have been investigated, rang-
ing from onshore saline formations, to off-
shore depleted gas reservoirs and EOR oper-
ations. Projected bottomhole pressures for
Compostilla, Don Valley and Sleipner range
from 80 to 248 bara, and injection rates vary-
ing between 30-70kg/second.

Public engagement is one of the key
management activities for the projects, with
the proponents concluding that direct en-
gagement is the most effective form of inter-
action and that consistent messaging is very
important.

In terms of permitting and regulatory
development, the ROAD project’s storage
permit has been successfully reviewed by the
European Commission, which has given its
first opinion of a permit submitted under the
CCS Directive (a second opinion will be giv-
en prior to injection). The Belchatow and
Compostilla project still require further fi-
nalisation and implementation of the trans-
ports and storage regulatory regimes by their
respective authorities. The Porto Tolle proj-
ect needs to re-submit the Environmental
Impact Assessment for their base plant.

The overall deployment of projects has
been largely delayed for two reasons. There
is currently too much policy uncertainty
within Europe as a whole. CCS has large
capital costs and development times - often
more than 10 years for early movers - with
investors requiring long-term certainty that
they can invest in CCS. Regional and nation-
al climate and energy policies must provide
long-term clarity on the way forward. Short,
medium and long term incentive mecha-
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nisms should be introduced that are consis-
tent with policy positions. While the UK and
Norway have taken active and practical steps
in this direction, other countries need to fol-
low suit.

Two of the Network’s projects will not
be proceeding - Jinschwalde and Belchatow.
Both were well developed and very credible
projects, situated within two countries that
have a great reliance on fossil fuel generated
electricity and industries - ideally placed to
benefit from the environmental benefits;
economic benefits; and energy security ben-
efits that CCS provides. Both have been can-
celled largely due to a lack of investment and
policy commitment and certainty.

Current deployment and incentive
mechanisms are insufficient. Short-term
measures need to be introduced that enable
first mover projects to enter operation, sup-
ported by appropriate market mechanisms
that drive large scale deployment. The ETS
is a mechanism unsuited to supporting the
deployment of new technologies such as
CCS, and with the deterioration of ETS
prices there are few signals to the market that
encourage investment. First movers face sig-
nificant risks and costs. Unlike many forms
of renewables, which are commercially vi-
able, there has been a lack of similar or ap-
propriate incentives and support from Mem-
ber States for this low-carbon technology.

Sare

More information
www.ccsnetwork.eu
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Policy, projects and regulation news

Norway strengthens capture research
atT(M

www.tcmda . com

Despite the cancelling of a full-scale test
at Mongstad, CO2 capture research has
received additional funding.

The Norwegian Government has
strengthened its support for CO2 Technolo-
gy Centre Mongstad by providing it with an
additional NOK 400 million ($67.7m) for
carbon capture technology testing over the
next four years.

The full scale project at Mongstad has
been cancelled, however, at the same time,
the Government renewed its commitment to
‘continue and strengthen’ TCM, the world’s
largest and most advanced carbon capture
testing centre.

Frank Ellingsen, Managing Director,
TCM, said:

“We are pleased to see the renewed
commitment from Norway to CCS. Climate
risk is now firmly on the agenda of energy
investors. With shareholder and compliance
pressure pushing energy companies to decar-
bonise, CCS will reach an inevitable tipping
point. TCM plays a vital role in reducing the
technical, environmental and financial risk
of CCS to accelerate that moment.”

To date, major technology brands have
already registered their interest for testing
using TCM’s amine plant, including Aker
Solutions (which is continuing its use of the
plant), plus Hitachi, Mitsubishi and Siemens.

In addition to the fully operational
Amine and Chilled Ammonia Process plants
at TCM, 14 leading technology vendors are
queuing up to use available space for testing
their technologies, which could be used for
the construction of one or several smaller
test units.

Over the last year TCM has enabled a
series of major advancements in reducing the
cost and the technical, environmental and fi-
nancial risks of implementing CO2 capture
technology. The key achievements from the
Amine and Chilled Ammonia plant include
gaining operational experience from more
than 7,000 hours of testing with more than
90% of uptime.

In terms of reducing technical risk of
carbon capture, TCM highlighted the follow-
ing achievements:

* Developing documented and transfer-
able experiences on the operation, start-up,
shut down, emergency shut downs etc.,
which is available to the CCS community

* Developed and verified simulation
tools for the total facility based on NH3 and
MEA, to be used in the planning, operation
and evaluation of day to day activities at

carbon capture journal - Nov - Dec 2013

CO2 capture research is continuing at Technology Center Mongstad, with additional financial
support from the Norwegian Government

TCM

» Established an available analytical
laboratory tool box

* Operated with zero injuries and envi-
ronmental impacts

* Developed a toolbox for process mon-
itoring including emissions

» Extensive research into possible ef-
fect of amines. More than 55 external stud-
ies have been performed

* Established a test centre network with
national and international institutes and re-
search organisations.

As well as the NOK 400 million com-
mitment to TCM, Norway’s allocation for
CCS R&D through the research programme,
Climit, will also be increased by NOK 100
million over two years. The Government will
also promote CCS capacity building and de-
ployment internationally. The Norwegian
Government has committed to ensure the fi-
nancial and other conditions necessary to re-
sult in at least one realization of full-scale
CCS project in Norway by 2020.

Mongstad project stopped by
Norwegian Government
www.statoil.com
The Norwegian government has an-
nounced that the full-scale carbon capture
project at Mongstad will be terminated.
Statoil, one of the leading suppliers on
the project, said it is now commencing work
in order to ensure a smooth project conclu-

sion.

“The work carried out on carbon cap-
ture and storage (CCS) at Mongstad has been
extensive and demanding. But it has also
provided us with some important lessons and
given us new knowledge of capture technol-
ogy. We have also had the opportunity to de-
velop a toolbox for measuring and analysing
emissions. Even though the full-scale proj-
ect will now be concluded, it is important for
Statoil that all we have learnt will be of ben-
efit to the industry in its continuing work on
CCS,” said Eldar Satre, executive vice pres-
ident for Marketing, Processing & Renew-
able Energy at Statoil.

Statoil signed in 2006 an implementa-
tion agreement with the Norwegian Ministry
of Petroleum and Energy and, in accordance
with this, submitted a master plan for full-
scale carbon capture at Mongstad (2009).
Together with Gassnova, Shell and Sasol, the
company completed the Technology Centre
at Mongstad (TCM) for carbon capture tech-
nology in 2012.

“CCS is one of the most important
technologies in the efforts being made to re-
duce carbon emissions from industry and
from power production. The experience
gained at Mongstad indicates that it is nec-
essary to intensify the work being done to
develop the technology and reduce the cost
involved in so doing. In Statoil we will press
on with our technology development efforts
in this area,” added Seetre.



Alstom continuing carbon capture
tests at Mongstad

www.tcmda . com

Alstom will continue testing its Chilled
Ammonia process at CO2 Technology
Centre Mongstad (TCM) for another year.

Alstom has been testing its technology
over the past year at the Norwegian facility
and is one of two key technology partners in
the project developed by state-owned CCS
enterprise Gassnova, as well as oil giants
Shell, Statoil and Sasol.

The ‘Chilled Ammonia Process’ (CAP)
method, offers environmentally-friendly car-
bon capture, says Alstom. The Ammonia
Process based CO2 Capture unit at TCM us-
es industrial flue gases from both a nearby
Combined Heat and Power plant (CHP) and
Statoil’s Mongstad refinery. With real flue
gases to work with, the team has been able
to test the CAP principles under ‘live’ con-
ditions, collect valuable data, and improve
the process.

The tests will now continue until au-
tumn 2014.

ETI seeks proposals for carbon capture
from gas-fired plants

www.eti.co.uk

The ETI is seeking organisations to take
part in a project to accelerate the devel-
opment of advanced carbon capture tech-
nologies for gas-fired power stations.

The UK Energy Technologies Institute
project is seeking the best possible technolo-
gies that are sufficiently developed to move
directly into the detailed design, construc-
tion and testing of a multi megawatt
pilot/demonstration plant.

ETI launched a project last year (led by
Inventys Thermal Technologies, in collabo-
ration with Howden Group and Doosan
Power Systems) to develop their advanced
carbon capture technology for gas-fired
power stations. After the initial phase of the
work, the aim is to carry out the detailed de-
sign, construction and testing of a UK-based
SMW carbon capture demonstration plant
capable of capturing up to 95% of carbon
dioxide emissions.

The ETI’s role is to bring together en-
gineering projects that accelerate the devel-
opment of affordable, secure and sustainable
technologies that help the UK address its
long term emissions reductions targets as
well as delivering nearer term benefits.

The purpose of the Request for Propos-
als (RfP) is to ensure that the best technolo-
gy is selected through a process of open
competition. Applicants will need to demon-
strate that their technology has the potential
to make a substantial reduction in capital and
operating costs in the capture plant, and will

be ready to catch the wave of CCS imple-
mentation in gas-fired power in the UK that
is expected to occur during the 2020s and
early 2030s.

The ETI will undertake detailed assess-
ment of any proposal selected following the
RfP response to confirm the projected bene-
fits and readiness to undertake a project, in
parallel with the results from the initial phase
of the Inventys-led project, which is due for
completion by the end of the year. The ETI
will then decide whether it will invest up to
£20m over three years in the detailed design,
assembly and testing of a UK demonstrator
plant.

Andrew Green, the ETI Programme
Manager for CCS, said: “With CCS having
the potential to play a key role in a future af-
fordable, secure, low carbon UK energy sys-
tem, it is important for there to be research
into and investment now in a range of tech-
nologies to help build the economic viability
and help extend the role of CCS in any fu-
ture UK energy system design.

“We expect that by 2020, there will be
30GW of gas-fired power capacity, some of
which will require retrofit or upgrade to in-
clude CCS by 2030 if we are to meet UK
CO2 reduction targets. Newly developed
technology which reduces costs and acceler-
ates deployment by 2030 is therefore criti-
cal.”

The contribution of gas fired stations to
the energy mix in the UK has grown and ap-
pears set to continue to grow rapidly over the
next decade. Although work is now being
undertaken on CCS technology demonstra-
tions the UK effort has so far been largely
focussed on coal.

The deadline for the notification of an
intention to submit a proposal for the project
is 31 October. The closing date for final sub-
missions is 28 November.

Ferrybridge gets Spirax Sarco heat
exchanger

WWW.Splraxsarco.com

Spirax Sarco has provided a steam-driven
heat exchange package for the Ferry-
bridge capture demonstration.

The Ferrybridge project demonstrates
the “capture” part of the process at a larger
scale than previous pilot schemes, using an
amine-based solvent to absorb up to 100
tonnes of carbon dioxide per day. The Spi-
rax Sarco steam system will be used to re-
boil and regenerate the carbon dioxide satu-
rated solvent for reuse by stripping the car-
bon dioxide out under carefully controlled
high-temperature conditions.

The temperature and pressure in the
clean-up column, or stripper, has to be con-
trolled precisely. If the temperature is too
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high, the amine solvent breaks down. If it’s
too low, the pressure in the column drops,
which means it subsequently takes more en-
ergy to compress the carbon dioxide ready
for transport and storage.

Steam is the ideal heating medium, be-
cause it helps provide very precise tempera-
ture control. And according to project part-
ner Doosan Power Systems, Spirax Sarco
was the right choice to provide the steam
system, because the company’s all-round
steam expertise and project management ca-
pability meant that Spirax Sarco could de-
liver a skid mounted package and free
Doosan’s team to work on other areas of this
complex process design.

“Spirax Sarco has an excellent reputa-
tion in dealing with steam and condensate
management,” says Scott Hume, Process En-
gineer at Doosan. “They supplied everything
as a package, from the steam interface back
to the condensate return line, including the
heat exchanger. That simplified the scope of
work for our team and it really helped.”

Spirax Sarco supplied everything need-
ed to make the steam system run smoothly,
including safety valves, pressure reducing
valves, steam traps, heat exchanger, conden-
sate receiving vessel and condensate return
system.

The team was working under tight time
constraints, but got the entire package de-
signed, checked and built within 12 weeks.

Ferrybridge power station is operated
by SSE plc, which has worked with partners
Doosan Power Systems and Vattenfall R&D
to build the carbon capture pilot plant.

China and United Kingdom announce
collaboration on CCUS
www.ukccsrc.ac.uk

Scientists and engineers from China and
the United Kingdom have formed an ini-
tiative that will pave the way for the re-
search, development and demonstration
of innovative carbon capture, utilisation
and storage (CCUS) technologies.

The UK Carbon Capture and Storage
Research Centre (UKCCSRC), Scottish Car-
bon Capture and Storage (SCCS), Guang-
dong Low-carbon Technology and Industry
Research Centre (GDLRC) and the Clean
Fossil Energy Development Institute (CFE-
DI) signed the ten-year Memorandum of Un-
derstanding (MoU) today at Lancaster
House, in London, witnessed by Governor
Zhu Xiaodan of Guangdong Province, Peo-
ple’s Republic of China, and Minister Greg
Barker of the UK’s Department of Energy
and Climate Change (DECC).

The agreement will lead to the estab-
lishment of an international CCUS network,
which will promote joint research and devel-
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opment, provide advice for local and region-
al governments and develop ways to ex-
change knowledge. The partners plan to
move rapidly towards demonstration of
CCUS technologies in China, potentially
within three to five years.

Minister Barker and Governor Xiaodan
also concurrently signed a joint statement
pledging a collaboration on low carbon de-
velopment, including CCS technology, be-
tween the UK and China.

“The UK has well-established research
and development capacity in CCS, and by
linking up with China we can further ad-
vance and promote the commercialisation of
this important climate change mitigation
technology,” said UKCCSRC Director, Pro-
fessor Jon Gibbins.

“Preparation for CCS is now in China’s
Five Year Plan, so Guangdong is preparing
to surpass all European efforts with one leap.
This strategic and timely agreement will
unite researchers from Scotland, the UK and
China in the shared ambition of making swift
and practical progress on CCS technologies.
Guangdong is a leading province for indus-
trial innovation in China. This MoU enables
UK researchers and Chinese industry to ex-
change staff and expertise, so that decisions
can be made in mid 2014 to commence con-
struction,” said Professor Stuart Haszeldine,
SCCS Director, and Professor of Carbon
Capture and Storage at the University of Ed-
inburgh

The MoU builds on more than five
years of joint CCUS activities between
Guangdong and the UK, supported by the
UK’s Foreign & Commonwealth Office,
DECC and Research Councils UK. The
MoU signatories have agreed to advise and
support the Guangdong International CCUS
Industry and Academic Collaboration Pro-
motion Network (GDICCUS), which will
promote CCUS research collaboration and
technology industrialisation in the Guang-
dong Province of China.

UK pledges £35m funding for China
and Indonesia to develop (CS
WwWw.gov.uk

The UK’s Secretary of State for Energy
and Climate Change Edward Davey has
announced £35 million funding to support
CCS development in Asia with a focus on
China and Indonesia.

The funding is being used to support
the Carbon Capture and Storage Fund
(CCSF) under the Clean Energy Financing
Partnership Facility (CEFPF) administered
by the Asian Development Bank (ADB). The
ADB is working with the UK’s Department
of Energy & Climate Change, the Global
CCS Institute and partners within the Chi-
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nese Government to identify opportunities
to accelerate the development and deploy-
ment of CCS.

The funding will also support the
GreenGen project in Tianjin City of China,
which will receive over $10m from the ADB
CCSF. The project was launched in 2005 by
China’s five largest power companies, two
largest coal companies and one investment
group, aiming to complete a 400 megawatt
power plant before 2020 with over 80% of
the CO2 separated and stored. To increase
UK collaboration, and in partnership with
the ADB, three CCS centres will be set up,
two of which will be in China and one in In-
donesia.

The UK Government has also been
working with Chinese partners in Guang-
dong to create a CCS roadmap for the
province. This joint work has identified stor-
age capacity in deep geological formations
offshore in South China Sea as well as a low-
cost full-chain Carbon Capture, Use and
Storage pilot. Further work is now ongoing
to transfer technical experience from UK in-
dustries to Guangdong, including establish-
ing a UK-Guangdong CCS Centre that
would build research capability, policy ca-
pacity and manufacturing excellence in the
province.

B&W begins FEED work for FutureGen
2.0

www.babcock.com

Babcock & Wilcox has signed an agree-
ment with the FutureGen Industrial Al-
liance to perform full front-end engineer-
ing and design (FEED) work on the Fu-
tureGen 2.0 CCS project.

The agreement marks the start of the
second phase of the three-phase U.S. Depart-
ment of Energy (DOE)-funded project. The
DOE has authorized up to $49 million to
fund B&W's Phase 2 engineering and design
activities. Construction of the plant would
follow in Phase 3, with an anticipated start
in June 2014.

B&W Power Generation Group (PGG)
will design and supply a boiler island and
oxy-coal combustion system, gas quality
control system and provide the balance of
plant engineering for the first-of-its-kind,
near-zero emissions coal-fired plant.

The project's goal is to capture more
than 90 percent of the carbon dioxide (CO2)
generated during the combustion process, re-
ducing the plant's CO2 footprint by more
than 1 million tons annually.

“This agreement is an important next
step in our progress toward making near-ze-
ro-emissions power generation from coal a
reality,” said B&W PGG President and Chief
Operating Officer J. Randall Data.

“We look forward to continuing our re-
lationship with the FutureGen Industrial Al-
liance, the DOE and the project team in
demonstrating the value of carbon-capture
technology.”

The oxy-coal combustion process - de-
veloped by B&W PGG and Air Liquide - us-
es oxygen mixed with recycled flue gas to
replace the normal combustion air in a coal-
fired boiler. As coal is burned, the resulting
flue gas consists primarily of CO2, which is
well-suited for compression and storage.

The CO2 captured from the FutureGen
2.0 plant will be transported and stored un-
derground at a nearby storage facility.

California carbon reduction strategy
www.nrdc.org

The only technology that can provide
large-scale emissions reductions in EU en-
ergy-intensive industries — such as steel,
cement, refineries and chemicals — is CO2
Capture and Storage, says the report.

A report from Tetra Tech and the Na-
tional Resources Defence Council (NRDC),
'Carbon Reduction Opportunities in the Cal-
ifornia Petroleum Industry', looks at signifi-
cant, concrete steps that the California oil in-
dustry can adopt today to curb its carbon
emissions.

It identified five approaches to reduc-
ing carbon pollution directly from the petro-
leum supply chain:

* Renewable steam generation: using
solar power to generate steam for enhanced
oil recovery, rather than combusting fossil
fuels for that purpose.

* Steam generation with carbon capture
and sequestration (CCS): capturing and stor-
ing the flue gas emissions from once-through
steam generators used in enhanced oil recov-
ery.

* Refinery energy efficiency: enabling
refineries to use less energy in their opera-
tions.

* Refinery CCS: capturing and storing
carbon emissions resulting from the energy-
intensive hydrogen processes needed for re-
fining crude oil.

* Renewable refinery feedstocks: dis-
placing part of the refinery's crude oil with
renewable-based oils and waste oils.

The report shows that modest adoption
of the five carbon reduction technologies
identified above could reduce emissions by
nearly 3 million to 6.6 million metric tons
annually in 2020. Additional opportunities -
such as renewable electricity and hydrogen
use at refineries, use of other cleaner tech-
nologies at oil production operations, and ef-
ficiency improvements at crude oil produc-
tion facilities - could help reduce emissions
even further.
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Oxy-firing viable for CO2 capture from

refineries

A field demonstration project led by the CO2 Capture Project (CCP) has confirmed the viability of the
technology for capturing CO2 from oil refineries.

Oxy-firing has been confirmed by CCP as a
viable technology from a technical and
economic standpoint for capturing CO2 from
the main emitting component of refinery
operations, the Fluid Catalytic Cracking
(FCC) unit. This comes as a result of the
completion of CCP’s first capture field
demonstration, which took place at a
Petrobras research facility in Parana state,
Brazil.

The successful test has brought closer
a more cost-effective technology capable of
capturing up to 95% of FCC CO2 emissions,
potentially equating to some 20-30% of
emissions from a typical refinery. The proj-
ect tested start-up and shut-down procedures
and different operational conditions and
process configurations — allowing the CCP
partners to gain reliable data for scale-up.

The refinery is a challenging environ-
ment for capturing CO2, with many differ-
ent operations producing emissions, said the
CCP. The FCC unit converts heavy, lower-
value hydrocarbon feedstock into lighter,
more valuable products and is often the
largest single source of CO2 emissions. Tra-
ditionally, air is used to regenerate the cata-
lyst, by burning the coke deposited on the
surface. In the oxy-combustion mode, air is
replaced by pure oxygen, which is diluted
with recycled CO2 to maintain thermal bal-
ance and catalyst fluidization.

Nigel Jenvey, CCP Chairman said:
“This is a significant moment for CCP and
the advancement of CCS. Our first demon-
stration project has successfully met its ob-
jectives and proved that oxy-firing is a vi-
able way of reducing CO2 emissions from
oil refineries. This project has shown the re-
al value of collaboration by those within the
oil and gas industry in order to discover in-
sights and develop technologies that can help
cut our own emissions footprint.”

The main results from the demonstra-
tion are:

* Technical viability was proved with
different feed qualities (VGO, ATR) and in
two extreme operating conditions (Same
Heat Balance, Same Inert Volumetric Flow
Rate), with the same or higher product yields

¢ The purity of captured CO2 reached
the target 93-95% under oxy-firing condi-
tions

* Smooth and fast switch
between air and oxy-firing
through effective monitoring
of excess CO2 in the flue gas

* A significant gain in op-
erational  flexibility — was
achieved, meaning the cost of
CO2 capture can be somewhat
mitigated. This flexibility al-
lows either higher carbon
throughput  (10%  higher
flowrate with same conver-
sion) or the processing of low-
er cost heavier feedstock with
the same results

e Catalyst entrainment
rates compared to combustion
in air varied from lower (Same
Heat Balance) to higher (Same
Inert Volumetric Flow Rate).
An interim condition — Same
Solid Entrainment — was also
tested delivering the same en-
trainment as in air operation

* Increase in oxygen par-
tial pressure did not lead to in-
creased catalyst deactivation,
thus indicating there will be no
need to increase catalyst

make-up in full-scale operating conditions.
However greater catalyst replacement rate
may be needed where higher entrainment
rates lead to higher cyclone loading and cat-
alyst loss (most notably when the CO2 recy-
cling rate is above that of the Same Solid En-

trainment condition)

Results achieved
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Simplified representation of oxy-firing in an FCC unit.
Numbers correspond to results achieved (see box below)

* Potential corrosion issues were iden-
tified early in the testing due to the presence
of NOx and SOx impurities in the flue gas.
These are fully understood and are manage-
able through proper design. captipe

www.co2captureproject.org

1. Effective monitoring of excess oxygen in the flue gas resulted in a smooth and fast
switch between air and oxy-firing

2. The difference in physical properties between nitrogen and CO2 enabled flexibility of
the plant through two methods — allowing either a higher hydrocarbon throughput (e.g.
10% higher flow-rate with the same conversion) or processing heavier feedstock (i.e. low-
er cost feeds keeping the same product yield). This flexibility of the plant would help mit-

igate the cost of CO2 capture

3. Potential corrosion issues were revealed in the recycle system due to the presence of
NO2 and SO2 impurities in the flue gas. These issues were fully understood and are man-

ageable through proper design

4. CO2 concentrations reached 93-95% in the tests. Further purification is needed and a
dedicated test program may be required for optimization

5. 99.7% O2 concentrations were achieved at the Petrobras research facility through fine
tuning the technology and operating mode
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Capture and utilisation news

Modular membrane-based (02
removal system demonstrated
www.mtrinc.com

A National Energy Technology Laborato-
ry supported project has tested a mem-
brane CO2 separation system.

Membrane Technology and Research
Inc. (MTR) tested a CO2 separation and cap-
ture system designed and developed using
its MTR Polaris membrane on a coal gasifi-
cation slipstream run at the U.S. National
Carbon Capture Center.

The Polaris™ membrane system uses a
CO2-selective polymeric membrane (micro-
porous films which act as semi-permanent
barriers to separate two different mediums)
material and module to capture CO2 from a
plant’s flue gas.The membrane system in-
cludesone membrane skid (containing two
membrane stages: a sulfur removal unit and
a dryer), one heater skid, one compressor
skid, and one refrigeration skid (with a con-
denser to recover liquid CO2).

MTR operated the membrane demon-
stration system continuously during a run
that ended April 21, 2013, processing 500
pounds of syngas per hour. The system suc-
cessfully produced liquid CO2 at 30 bar con-
tinuously for about 500 hours.The captured
CO2 stream contained 98% CO2, the bal-
ance being light gases such as nitrogen, car-
bon monoxide, and hydrogen.

Korean researchers develop graphene
(02 separation membrane
www.kcrc.re.kr

A research team at Hanyang University in
Seoul, South Korea, has developed an in-
novative graphene-based membrane ma-
terial for capturing CO2.

The project, which has secured funding
from Korea CCS R&D Center (KCRC) es-
tablished by the Ministry of Science, ICT
and future Planning (MSIP), has demonstrat-
ed that some layered graphene and graphene
oxide membranes can be engineered to ex-
hibit the desired characteristics for gas sepa-
ration. The Hanyang University’s research
team has successfully developed a new
graphene based-membrane material with
high CO2 selectivity.

“We are pleased with the results of this
new membrane material and thank the MSIP
and KCRC for their support,” said Dr. Ho
Bum Park, a professor in the Hanyang Uni-
versity, who leads the study. “Graphene is a
distinct two-dimensional material that offers
a wide range of opportunities for membrane
applications because of ultimate thinness,
flexibility, chemical stability, and mechani-
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cal strength.”

“We focused our research on overcom-
ing the limit of currently available mem-
brane materials by carbon nano-material, i.e.
graphene. Especially, technologies relevant
to graphene manufacturing allowed us to
reach our goal successfully.”

Dr. Sang Do Park, a director in the
KCRC, said: “While many scientists and en-
gineers have joined the first-class research
in this area, there are still gaps in the most
technical aspects of CO2 capture membrane
technology. The results of his ongoing re-
search clearly show the possibility of manu-
facturing high-tech membranes with around
5 nm thickness. Furthermore, his membrane
demonstrates approximately 1000 times bet-
ter performance than the commercially avail-
able membrane used in separation of the gas
targeted in the gaseous mixture. From this
study, we are now expecting that this inno-
vative graphene-based membrane can open
a new era of Carbon Capture & Sequestra-
tion(CCS) technology.”

The work has been published in Sci-
ence (Online) issued in Oct.4.

ION Engineering project receives $15M
from DOE

www.lion-engineering.com

The Department of Energy's Office of
Fossil Energy will provide $15 million to
support a CO2 capture one megawatt
equivalent pilot project at Nebraska Pub-
lic Power District's Gerald Gentleman
Station.

ION and partners will contribute anoth-
er $4 million in matching funds bringing the
total to $19 million for the 45-month proj-
ect. In addition to NPPD, partners include
the University of North Dakota Energy &
Environmental Research Center (EERC) and
the University of Alabama Department of
Chemical and Biological Engineering.

Previously, ION has received $5M
from DOE-FE to develop its advanced sol-
vent process. During the past year, working
in collaboration with the EERC and using
their coal- and natural gas-fired Combustion
Test Facility, ION says it has demonstrated
that its technology is capable of achieving
greater CO2 capture rates using less power
plant energy relative to other solvent systems
currently in development.

“The results obtained at the EERC
demonstrate that ION's advanced solvent has
the potential to significantly reduce capital
costs, operating costs and the parasitic load
on an operating power plant that implements
ION's technology. When combined with

CO2 utilization opportunities such as En-
hanced Oil Recovery (EOR), we can imag-
ine a time when the incremental cost of car-
bon free fossil fuel electricity generation
may be much less than previously consid-
ered,” said ION Engineering CEO, Dr. Al-
fred “Buz” Brown. “By providing an afford-
able path to carbon free coal- and natural
gas-generated power, we can have a signifi-
cant impact on reducing carbon emissions
worldwide.”

“NPPD is interested in the project be-
cause our coal burning generating resources
bring significant value to our customers,”
said NPPD Vice President and Chief Oper-
ating Officer, Tom Kent. “We also want tech-
nologies that can capture CO2 in a cost-ef-
fective manner. Testing such technologies
should be done on a larger scale to collect
'real world' data. We are pleased to be a par-
ticipant in this project and hope to learn if
the potential exists to capture carbon and ad-
vance the technologies in this area for the
power industry.”

Eco Power Solutions achieves 90% €02
capture
www.ecopowersolutions.com

The company said its patented CO2 cap-
ture technology achieved the result in test-
ing at its Kentucky Technology Center.

The tests were conducted using its MP-
AQCS (Multi-Pollutant Air Quality Control
System) Reactor Module which captures
other pollutants as well as CO2, although the
CO2 Capture Module can be fitted independ-
ently also.

The process is patented by Eco Power
Solutions and is capable of capturing up to
90% of CO2 emissions from coal, natural
gas and other fossil fuel based plants. ?The
projected cost is $20-$30 per ton of CO2
captured depending on the application.

Shell Cansolv and Technip join for 02
capture services

WWW.cansolv.com

www.technip.com

The two companies will offer full chain
engineering, procurement and construc-
tion (EPC) services for post-combustion
CO2 capture to the power generation in-
dustry.

Technip is a world leader in project
management, engineering and construction
for the energy industry. and the cooperation
will expand Shell Cansolv’s international
reach by giving the company a platform to
offer its CO2 capture technology in in-
creased scope as well as to new markets.



Earlier in 2013 Cansolv captured the
first tonne of carbon dioxide at itsjoint
demonstration plant at Aberthaw Power Sta-
tion in the UK. The project with RWE npow-
er is the world’s first integrated sulphur diox-
ide (SO2)/CO2 capture plant.

Advanced Emissions Solutions
progresses on carbon capture research
www . advancedemissionssolutions.com
The company has been awarded two R&D
contracts by the DOE to reduce carbon
capture costs and investigate a new sor-
bent technology.

Advanced Emissions Solutions is
working on a $20.5 million DOE program
supporting the development of its regenera-
ble solid-sorbent based carbon capture tech-
nology. Construction of a IMW Pilot Plant
has been completed and it has been trans-
ported by barge to the Southern Company
Alabama Power Plant Miller where it is be-
ing installed for testing in 2014.

In addition, the company was recently
awarded two new DOE programs with a to-
tal combined value of $1.6 million. One pro-
gram will be focused on reducing operating
costs of a carbon capture plant based on its
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technology by managing energy demands
and recovering heat from other processes.
The second program is focused on evaluat-
ing a sorbent made with aerogels, a material
that has significantly different thermal prop-
erties than other sorbents. Both programs are
designed to enhance the energy efficiency of
the carbon capture process.

HTC technology selected for 02
capture plant
www.htcCO2systems.com

HTC CO2 Systems Corp. has been select-
ed to build the CO2 capture unit at Husky
Energy’s Pikes Peak South heavy oil facil-
ity in Saskatchewan, Canada.

HTC’s LCDesign™ CO?2 capture unit
is designed to process 50% of the flue gas
from a 50 million BTU per hour natural gas
fired, once through steam generator
(“OTSG”) boiler located at the Pikes Peak
South facility, near Lashburn. The CO2 will
be used to increase heavy oil production
through enhanced oil recovery techniques.
The LCDesign system incorporates CO2
capture technology that reduces energy us-
age, lowers environmental emissions/efflu-
ents, and improves the quality of CO2 prod-

uct captured, says HTC.

The project will also incorporate HTC’s
proprietary and patented SRS Solvent Re-
claimer System™. The SRS System has
been designed to remove the impurities from
mixed and formulated solvents used to cap-
ture CO2 and in turn reduces solvent re-
placement requirements, lowers energy
costs, minimizes plant maintenance and re-
duces waste disposal.

Jeff Allison, Senior Vice President of
HTC commented, “OTSG’s are the work
horse and backbone of heavy oil enhanced
production through cyclic/incremental steam
or Steam Assisted Gravity Drainage
(“SAGD”) production processes. These
steam boilers are also utilized for producing
steam for the in-situ production of oil sands
bitumen.

Capturing CO2 for commercial appli-
cation and emissions reduction purposes on
the many hundreds of OTSG boilers current-
ly operating in Western Canada represents a
significant future business opportunity. HTC
is anxious to showcase how our commercial-
ly viable, cost effect solution for capturing
CO2 and increasing heavy oil production can
meet the challenge.”

Transport and storage news

€02 Stored gets new mapping tool
www.co2stored.co.uk

The upgrade improves access to informa-
tion contained in CO2 Stored on storage
sites under the UK seabed, enabling users
to find out about storage locations, their
characteristics and their storage capacity.

The Crown Estate and the British Geo-
logical Survey have launched a new online
mapping tool for the CO2 Stored website.

Through search and display functions
the data can be sorted in a number of ways,
including by:

* geological formation

- name of hydrocarbon (oil or gas) pro-
duction area

* key attributes about the geological
storage such as porosity, injectivity, fracture
pressures and storage risks.

Stuart Haszeldine, Professor of Carbon
Capture and Storage, University of Edin-
burgh said: “The new feature on CO2 Stored
is a great step forward in making knowledge
about UK geology deep beneath the North
Sea available for investigating options for
commercialising CO2 storage. All compa-
nies with subsurface expertise can now more
easily access evidence-based knowledge
which can make their evaluation of CO2
storage quicker and more accurate.”
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