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CO2 Technology Centre Mongstad in Norway

has already contributed to a series of

advancements in reducing the cost and the

technical, environmental and financial risks of

implementing CO2 capture technology.

The two successful technology demonstrations

of Aker and Alstom are complete and the

sophisticated test centre is ready to receive

new vendors. 

With the commencement of the Cansolv testing

in September, TCM is entering a new phase of

testing.

Cansolv’s test campaign will be performed

using exhaust gas from the Combined Heat and

Power Plant at Mongstad, with focus on

process verification and emission control.

TCM is the world’s largest and most advanced

facility for testing and improving CO2 capture,

and is a joint venture set up by the Norwegian

state (75.12 %), Statoil (20 %), Shell (2.44 %)

and Sasol (2.44 %).

Read more at www.tcmda.com

New test era at Technology Centre Mongstad
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Low cost carbon capture slurry developed
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CO2 utilisation technology, China’s key to develop CCUS
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With the shutting down of all nuclear power facilities after the Fukushima incident,
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Transport and storage
Sub-seabed CO2 leak experiment shows minimal environmental
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Leaders CCS in Asia

CO2 utilisation technology, China’s
key to develop CCUS
China is looking to CO2 utilisation technologies to offset the costs of carbon capture and storage
and possibly provide a revenue to further its implementation. 
By Xiaoliang Yang, Research Analyst, World Resources Institute

China, the world’s largest CO2 emitter, has

been showing increasing interest in tackling

climate change, including develop/deploy

Carbon Capture, Utilisation, and Storage

(CCUS) technology. As an emerging climate

change technology for deep reduction of

CO2 emissions from fossil-fuel consump-

tion, China’s climate change and energy pol-

icy cycle has attached great importance to

CCUS. 

CCUS is the only way for China to contin-

ue using coal without increasing its CO2

emissions. At present, Coal still accounts for

70 percent of China’s total electricity gener-

ation capacity. The Global CCS Institute

considers China as the most active nation

pursuing CCUS technology with strong

government support and investment from

China’s powerful state-owned energy enter-

prises. 

Since 2006, 16 Ministries in China issued

more than 10 national policies and guidelines

to encourage exploration of CCUS technolo-

gies. Just in 2013, five policy guidelines relat-

ed to CCUS were issued. Major ones includ-

ed National Development and Reform Com-

mission’s Notice on Promoting CCUS Pilot

& Demonstration Projects, Ministry of Sci-

ence and Technology’s the Special Program

for CCUS Technologies within the 12th

Five-Year Plan, and Ministry of Environ-

mental Protection’s Guideline to Strengthen

Environmental Protection on CCUS Pilot &

Demonstration Projects. 

China’s Huaneng Group, Shenhua Group,

SINOPEC are all moving their CCUS

demonstrate project in a concrete way. In

spite of this progress, major hurdles are still

keeping China from demonstrating/deploy-

ing large-scale CCUS projects, such as the

high energy penalty and high cost, technol-

ogy feasibility and risk management. 

Without appropriately addressing these

challenges, China’s CCUS development

might never enter the next stage of technol-

ogy innovation: five to ten large-scale CCUS

demonstration projects. 

China’s First National CO2
Utilisation Technology
Assessment Report 
China’s policy makers have turned to CO2

utilisation technologies for solutions, even

though some major multi-national agencies

downplay the role of CO2 utilisation tech-

nology in the CCUS chain. Clearly, China’s

energy and climate change pundits do not

agree with that. 

In China, environmental and economic ben-

efits are equally important for any clean en-

ergy technology. Moreover, it is attractive

that CO2 utilisation technologies can offset

the high cost of carbon capture; by integrat-

ing low-cost CO2 capture sources, the

CCUS chain might make extra profits and

eventually, help the country more easily im-

plement the technology.

Based on this rationale, the Administrative

Center of China’s Agenda 21, an agency of

the Ministry of Science and Technology,

published China’s First National CO2 Utili-

sation Technology Assessment Report in

April  2014, as the Third National Climate

Change Assessment Report’s Special Issue.

More than 30 of China’s national experts

joined in this study for more than one year,

examining more than 25 CO2 utilisation

technologies (Table 1) through its techno-

logical development stage, CO2 reduction

potential and economic feasibility. 

Key Findings
Main findings show that CCU technologies

have a great potential to achieve deep CO2

Figure 1 - The potential of emissions reduction of CO2 utilisation in China under two scenarios
(Source: China’s National CO2 Utilisation Technology Assessment Report, ACCA21)
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reductions and considerable economic bene-

fits. It is worth presenting the results under

two scenarios, Business as Usual and Increas-

ing Support from Government. 

Business-as-Usual
Under this circumstance, government will

not provide special support; and industry will

develop the technology based on market

needs. As a result, it is estimated that CCU

technologies will not play a significant role

in emissions reduction until 2030. 

By 2020, CO2 utilisation demonstration proj-

ects can reduce CO2 by 50 million tons/year

(0.8% of the 2011 total CO2 emissions); By

2030, most CO2 utilisation technologies will

achieve commercialization, with an annual

CO2 reduction of 200 million tons/year (3%

of the 2011 total CO2 emissions). 

CCS in Asia      Leaders 
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Table 1 - 25 CO2 Utilisation Technologies

Poland carbon capture forum
Warsaw Gasworks Museum 
November 18, 2014
PLN 100 (€24)

Our Warsaw event on Nov 18th will look at what technology and experience developed so far
could help make carbon capture and storage viable for Poland over the longer term.

Reducing the costs, managing risks, providing additional revenue streams (eg enhanced gas
and CBM recovery, CO2 fracking?) and goverment incentives and structures, to create an
investible business proposition. 

Including presentation by Prof Mariusz-Orion Jedysek MP, former Undersecretary of State in
the Ministry of Environment and Chief National Geologist, Poland 

www.carboncapturejournal.com

CCJ London - getting ready for Phase 2 and Phase 3
Geological Society, London 
November 20, 2014
Places still available - register now!
Our London event on Nov 20th will look at what Phase 2 and Phase 3 of UK's Carbon Capture
and Storage industry might look like (counting White Rose and Peterhead as Phase 1).

Including talks by Jon Gibbins, Director, UK CCS Research Centre and Professor of Power Plant
Engineering and Carbon Capture University of Edinburgh,  Emrah Durusut, senior consultant,
Element Energy,  Alfredo Ramos, head of Power & CCS, PSE and Alan James, managing
director, CO2 DeepStore

carbon capture journal -  Nov - Dec 2014 3
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China’s government adopts
aggressive policy support
The research group also calculated the CO2

emissions reduction based on strengthened

government policy support and private in-

vestment. Under this scenario, China’s gov-

ernments will significantly support the R&D

of CO2 utilisation technology (as well as

CCUS as a whole) and create a more en-

abling market environment. I

n this case, more than 20 CO2 utilisation

projects will be able to achieve commercial-

ization by 2020 with CO2 emissions reduc-

tion of 250 million tons/year (4% of the 2011

total CO2 emissions). By 2030, major CCU

technologies will be commercialized, with

CO2 emissions reduction of 880 million

tons/year (13% of the 2011 total CO2 emis-

sions).

Early Opportunities
One of the key research tasks of this study is

to identify where China can actually start its

large-scale CCUS full-chain demonstration

projects, called “early opportunities” by Chi-

nese CCUS pundits. 

Early opportunities must have low-cost of

CO2 sources, low transport cost, and be uti-

lized for profits (Figure 2). In addition, early

opportunities must be easily integrated to

China’s existing industry and energy struc-

ture. As the world’s largest energy consumer,

China has massive CO2 emissions sources,

including coal power plants, iron and steel

industry, cement industry, and coal chemical

industry. 

Many of these industries can provide low-

cost captured CO2 given its high-concentra-

tion in flue gas, like the  coal-to-chemicals

industry, cement industry, and steel industry.

Furthermore, if these industries are located

in or nearby coal basins or oil fields, the

transport cost can be low and CO2 utilisa-

tion is possible. 

Based on this thinking, the research group

identified a few CCUS combinations in dif-

ferent geographic regions in China. 

• The cluster of thermal power generation,

CO2-EOR, and other CO2 geological utili-

sation in Jungar Basin, Ordos Basin, Tu-ha

Basin

• The cluster of coal chemical industry, CO2-

ECBM, CO2 chemical utilisation technolo-

gy in Ordos Basin, Jungar Basin, Hailer

Basin

• The cluster of Iron and Steel production,

mineralization, microalgae in the field of

agriculture, chemicals, renewable energy, etc. 

Final Thoughts
CCUS is essential for China to continue us-

ing coal to fuel its economy and to meet its

climate change goals. As CCUS is losing mo-

mentum in many other parts of the world,

China is still rapidly advancing CCUS by in-

vesting resources from both government and

industry. However, no country has yet figured

out how to move CCUS forward to achieve

its climate change goals given its high cost,

energy penalty, uncertain technological feasi-

bility, lack of project experience, etc. 

Learning-by-doing in China through some

early opportunities in the next few years now

looks very critical to achieving the commer-

cialization of CCUS around 2030. China’s

massive CO2 emission sources do provide a

good environment for this learning-by-doing

activity, in particular, China’s rapidly growing

coal-to-chemicals industries. 

In Xinjiang Province, around hundred do-

mestic and international corporations are

now constructing more than 60 coal mines

and coal-to-chemicals plants with a huge

capital investment. If the country cannot deal

with CO2 emissions from this emerging in-

dustry, it can be a disaster for China’s future

climate change policy. 

China’s central government should encour-

age (or even require) the project owners to

develop CCUS projects with the exploration

of CCUS opportunities. China is making its

13th 5 year economic development plan now;

and certainly, CCUS will be included in the

emissions control plan. Regardless, China’s

economic development and energy structure

and CCUS technology are inseparable from

each other. 

More information
Further Reading: China’s National

CO2 Utilisation Technology Assess-

ment Report, The Administrative

Center of China’s Agenda 21, 2014 (in

Chinese)

www.wri.org
www.acca21.org.cn

Figure 2 - Early opportunities without geographical and industrial restrictions

T 02 F d Thi ki 297 210 ENG i dd 1 2013 06 17 13 56 09

CCJ 42_Layout 1  18/10/2014  14:10  Page 4



There’s a lot to think about these days. Worldwide energy demand will continue to rise. The environ-

ment needs to be protected. Healthy economies and healthy companies need solutions for effi cient 

and environmentally compatible power generation. Getting there requires forward thinking and 

technological advancement to protect our health and our prosperity. This is what drives us every 

day, when we develop compression solutions for carbon capture, transport and storage. We fi nd the 

answers and create the products that empower you to run your business profi tably, while operating 

in an environmentally sound manner. That’s one less thing for you to think about. Find out more at 

www.mandieselturbo.com

Marine Engines & Systems   Power Plants   Turbomachinery   After Sales

Forward Thinking
Advanced CO2 compression solutions
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Securing a staple electricity supply to support

Japan’s social and industrial needs has been a

critical issue since the 2011 nuclear accident

in Fukushima. Since the accident, all nuclear

power stations have been shut down, with ex-

isting thermal power stations making up for

the shortfall. The shutdown facilities, which

once powered approximately 50GW, include

54 units along with Fukushima Daiichi sta-

tion. Many aging power facilities have been

restarted, exposing Japan to large shortfalls

due to low efficiency and high running costs. 

This year, power companies began invitations

for tenders for new thermal power facilities

which are approximately 10GW in total ca-

pacity. The increase of thermal power plants,

however, brings up another serious issue: how

to cope with combatting global warming. 

That is why carbon capture and storage

(CCS) is receiving more attention nowadays

together with the discussion on carbon diox-

ide (CO2) emission reduction.

Resources and energy
measures
Japan’s Ministry of Economy, Trade and In-

dustry (METI) plans for it to be 'the world’s

most advanced country in terms of energy' by

diversifying energy sources. In particular it

plans to significantly increase renewable en-

ergy and achieve higher efficiency in coal-

fired power generation. An important theme

is the development and accelerated applica-

tion of highly efficient thermal power gener-

ation and in that context, the implementation

of CCS is mentioned. 

A FY2014 budget of Yen11.3 billion is com-

parable to the FY2013 budget level (Yen12.6

billion), which shows the willingness of

METI to continuously invest in the advance-

ment of CCS. Moreover, as a diplomatic

strategy contributing to the global greenhouse

gas (GHG) emission reduction, METI also

included the cost of the Joint Crediting

Mechanism (formally called Bilateral Credit

Mechanism) through which Japan can diffuse

its own advanced technologies in partner

countries.

CCS to help reduce GHG
emissions by 80 %
Earlier this year, the Ministry of Environment

(MOE) called for the need to accelerate the

advancement of CCS in order to help reduce

Japan's GHG emissions by 80% by 2050. It

drew up a new Yen1.25 billion plan to tackle

this task. According to the plan, MOE will

carry out exploration of suitable CO2 storage

sites in the surrounding waters including off-

shore areas. It also considers the transporta-

tion system necessary for CO2 storage, plan-

ning demonstration testing which is expected

to start in three years. 

As Japan consists of mountainous islands,

there is not much free space onshore, with its

coastal areas highly developed for many dif-

Advancing Japan’s energy post
Fukushima
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The Shuttle Ship Initiative, promoted with Global CCS Institute’s members in Japan

With the shutting down of all nuclear power facilities after the Fukushima incident, Japan has
turned back to conventional power plants for its energy needs and CCS is receiving renewed
attention as a key technology to reduce carbon emissions. 
By Terufumi Kawasaki
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ferent uses. For that reason, tapping into sur-

rounding waters including offshore areas

could help accelerate the CCS implementa-

tion in Japan.

Shuttle Ship Initiative on CCS
The plan to identify CO2 storage sites in

Japan will help determine the viability of the

CO2 transportation system to offshore stor-

age sites by ships. This concept originated as

a two-year Global CCS Institute project in

2011 with the research team led by Professor

Ozaki of Tokyo University, developed in col-

laboration with Global CCS Institute's

Japanese Members such as Chiyoda Corpo-

ration. The Japanese Government is now ac-

tively supporting this plan. This is one exam-

ple of the Japan-Australia cooperation facili-

tated by Global CCS Institute.

In contrast to Europe’s conceptual transporta-

tion system using ships to carry CO2 to off-

shore facilities, Japan has developed an alter-

native system which sends relatively small

shuttle ships back and forth between power

stations (CO2 capture plants) along the coast

and offshore storage sites. By installing injec-

tion equipment on shuttle ships, offshore fa-

cilities at the storage sites would not be nec-

essary. 

The concept uses small tankers (3,000 ton),

enabling CO2 storage tanks at power stations

to be down-sized. These developments could

make this system highly extendable, allowing

flexible applications for multiple capture and

storage sites at low costs. Setting up a num-

ber of offshore storage site expands the po-

tential of CO2 storage, making CCS a viable

option in other countries as well.

Technology Shift from
Energy-Saving to CCS in
Industries
Japanese companies have long contributed to

CO2 emission reduction through the devel-

opment of advanced energy saving technolo-

gies. In addition, since late 20th century they

have invested in the development of tech-

nologies relating to CCS in cooperation with

the Japanese government and utilities. Engi-

neering companies first started CCS-related

works in Japan, followed by electric-machin-

ery ones. The two segments of industry have

developed CCS technologies in their business

fields which are oil and gas and power gener-

ation, respectively.

In late 1970s, after the oil crisis, the world’s

oil and gas industry began to

adopt the technology of en-

hanced oil recovery (EOR) in-

cluding a profitable method of

CO2 injection. Japanese engi-

neering companies also fol-

lowed the business, starting to

develop the technologies for

capture, transportation, and

injection of CO2. Japan, how-

ever, had such a small number

of domestic oil and gas fields

that these companies gained

much of their experience and

advanced CCS-related tech-

nologies through their projects

overseas.

In 1990s, the UN initiated the

world movement of combat-

ting global warming, and

Japan’s utilities and steel com-

panies began to consider the reduction of

CO2 emission, investing in research and de-

velopment of CO2 capture technologies for

their facilities. More recently in the mid

2010s, Japanese companies continue to devel-

op CCS-related technologies for commercial-

isation.

CCS in Japan can be sum-
marised with three key
terms: 'Highly-efficient ther-
mal (especially coal-fired)
power generation'

Japan's CCS suppliers
JGC Corporation, Chiyoda Corporation and

Toyo Engineering Corporation are examples

of engineering companies experienced in sup-

plying CO2 capture, transport and storage

technologies in the oil and gas business. In

addition, they have applied the CO2 capture

technologies to industrial field (for example:

chemical fertilizer plants).

Electric-machinery companies, putting focus

on CO2 capture technologies, are MHI, IHI,

Toshiba and so forth. They have successfully

developed the capture technologies for coal-

fired and gas-fired power stations with their

own funds and/or in collaboration with pow-

er companies. 

To do this, they undertook a process to inves-

tigate various methods such as pressure/tem-

perature swing adsorption, chemical absorp-

tion, and oxyfuel combustion, through which

they obtained abundant data on pros and cons

of the technologies. Besides, Nippon Steel &

Sumikin Engineering is developing a unique

technology that captures CO2 from blast fur-

nace gas for the application to steel industry.

Projects involving Japanese
companies
Japan’s first large-scale CCS project (so-called

“Tomakomai Project” with 100,000 tons of

CO2 injection per annum) is funded by the

government and operated by a special purpose

company, Japan CCS Co., Ltd., consisting of

utilities and others. JGC Corporation is in

charge of capturing CO2 from a hydrogen

production process of an oil refinery facility.

The company was engaged in the In Salah

CCS project in Algeria with engineering ex-

pertise.  

Another Japanese CCS initiative which aims

to transport CO2 by shuttle ship to store un-

der sea-beds off shore, is mainly engaged by

Chiyoda Corporation. In another example of

an oil mining project overseas, Toyo Engi-

neering Corporation completed a CCS facili-

ty (approximately one million tons of CO2

per annum) in Brazil last year, which is cited

as Lula Oil Field CCS Project in the Global

Status of CCS 2013 issued by the Global

CCS institute. The equipment produced is

featured by two excellent technologies; a

membrane CO2 separation technology under

high pressure and the world’s highest com-

pression system (50MPa ) able to inject

CO2 to much deeper layers.

Japan’s first large-scale CCS project, the “Tomakomai Project” with
100,000 tons of CO2 injection per annum is funded by the
government and operated by Japan CCS Co., Ltd.

CCS in Asia      Leaders 
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CCS for thermal power
plants
CCS Projects for thermal power plants are

strongly invested in by Japanese companies. A

test facility for capturing CO2 from coal-fired

power plants is operated by Toshiba, which

built the facility (chemical absorption method;

10t/day) on its affiliated company power sta-

tion site. The electric-machinery company has

developed different and unique technologies

(under atmospheric pressure) from those

amongst the engineering companies. 

Another test plant for a pre-combustion

process is operated by J-POWER, which

made the equipment with two types of

processes (chemical absorption and physical

adsorption; 24t/day) in its IGCC demonstra-

tion plant site.

Large-scale projects overseas utilise other

Japanese electric-machinery companies; MHI

took part in Southern Company’s CO2 cap-

ture facility (chemical absorption, 500t/day)

in U.S. and is engaged in Petro Nova Project

which is a commercial CCS+EOR project

with a coal-fired power plant (chemical ab-

sorption, 4800t/day) in U.S.; IHI is involved

in Callide project (oxy-fuel combustion,

70t/day) in Australia. Each company has ac-

tively invested in the development of CCS-

related and distinguishing technology and ac-

quired operational experiences, which would

lead it to the level of commercialisation as

high as that of Alstom and Shell.

Research institute to
promote CCS technology
development
In order to understand what is going on for

CCS-related R&D in Japan, it would be

helpful to learn about Research Institute of

Innovative Technology for the Earth (RITE),

which is a foundation (total contribution:

Yen9.9 billion) established in 1990 as the cen-

tral research institute to develop innovative

environmental technologies, with funds from

the government and related governmental or-

ganizations. 

Its research facility is located on the outskirts

of Kyoto City, made famous by the Kyoto

Protocol. RITE has approximately 160 re-

searchers and is operated with an annual proj-

ect budget of around Yen2.4 billion

(FY2013). Recognising that CCS is an essen-

tial climate mitigation measure to achieve the

2 Degree scenario (2DS), RITE proactively

promotes CCS technology development.

Research Topics
Research topics for RITE include the assess-

ment of global warming mitigation scenarios

and R&D on CCS and bio-refineries. As for

the CCS-related technologies, the institute

sets a special focus on the development of

chemical solvents, solid absorbent materials

and CO2 separation membranes that lower

the cost of CO2 capture technologies, thereby

promoting commercialisation. In the field of

storage, the institute has been developing var-

ious technologies including geological mod-

eling, simulation technologies to be applied

for aquifers, monitoring with optical fibers. 

RITE implemented an experiment injecting

10,400 tons of CO2 into aquifers in the areas

along the Sea of Japan in mid-2000s, using

the data to develop the Japan specific geolog-

ical model, which is still being updated. 

Since October 2013, RITE and a steel com-

pany have been working on the commerciali-

sation of a system using chemical solvents.

This system captures CO2 in blast furnace

gas from steel plants to be used at liquefied

CO2 plants, and is said to have obtained the

world’s top-class performance of

2.0GJ/tonne-CO2. 

Contribution to International
Standardisation for CCS
RITE is also working to promote the inter-

national standardization of CCS under the

framework of ISO (ISO/TC265). 

The institute has been representing Japan as

the secretariat of the Japanese mirror com-

mittee of ISO/TC265 since 2011. In Febru-

ary 2013, Japan was selected as conveners for

both Capture and Storage Working Groups.

The international standardisation of CCS

will institutionally promote and aid the com-

mercialisation of CCS.

Japan’s Perspectives for
world-wide deployment of CCS
CCS in Japan can be summarised with three

key terms. ‘Highly-efficient thermal (especial-

ly coal-fired) power generation‘, in which

Japan is a proud world leader. It is hoped it

will provide the country with a stable supply

of electricity at low cost, and when accompa-

nied by a carbon capture facility, reducing car-

bon emissions to near zero. 

This advancement is highly possible as Japan-

ese companies have developed and demon-

strated the technology for decades as along

with environmental purification technologies

such as desulphurization and denoxzation.

The total energy output minus loss of captur-

ing carbon dioxide could be still maintained

to a high level, making the combined tech-

nology good news for many developing coun-

tries that do not have sufficient energy re-

sources.  

Shuttle Ship Initiative’, - providing Japan with

the option of offshore storage sites negating

the difficulties of gaining public acceptance

for onshore sites. This is also good news for

countries that do not have EOR sites.  

‘Bilateral Offset Credit Mechanism’, pro-

posed as a practical way of knowledge shar-

ing between advanced and developing coun-

tries, and could accelerate cooperative deploy-

ments of CCS in the world. We would have

to solve the different way of thinking on the

issue between the two groups in the

world.The way Japan has taken and the hard-

ship it has recently undergone could help

make an important role for combatting glob-

al warming.
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system modelling environment specifi cally 
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Leaders SaskPower Boundary Dam

In October 2014, the world’s first large scale

post-combustion coal fired carbon capture

and sequestration project began operation at

SaskPower’s Boundary Dam Power Station in

Estevan, Saskatchewan. Above and beyond

being the process licensor, technology

provider and amine supplier for both the flue

gas desulphurization and CO2 capture

processes, Shell Cansolv has provided a mul-

titude of products and services to SaskPower

for this first-of-a-kind achievement. 

Shell Cansolv’s contribution spanned from

the supply of modular amine filtration and

amine purification units to overall process

performance optimization, going through op-

erator training, support of plant commission-

ing & start-up and review of standard oper-

ating procedures. This project is a milestone

for the fossil fuel power industry worldwide,

as it will prove the viability of large scale

CO2 capture and demonstrate that carbon

capture can be brought successfully to com-

mercial scale.

A milestone for the fossil
fuel power industry
worldwide
Saskatchewan relies heavily on coal for elec-

trical power and is affected by federal emis-

sion regulations. With one of the fastest-

growing economies in Canada, Saskatchewan

is a strong supporter of the development of

CCS because the province’s circumstances

mean the technology can provide significant

economic and environmental benefits. 

The SaskPower Boundary Dam Integrated

Carbon Capture and Storage (ICCS)

Demonstration Project is a major milestone

for the fossil fuel power industry worldwide,

as it demonstrates the viability of large scale

CO2 capture. This article will focus on Shell

Cansolv’s contribution to this project along

with a brief description of major challenges

and lessons learned.

Shell Cansolv in the SaskPower
Boundary Dam ICCS Project
The start-up of the SaskPower Boundary Dam Integrated Carbon Capture and Storage (ICCS)
Demonstration Project is a major milestone for the fossil fuel power industry worldwide, as it
demonstrates the viability of large scale CO2 capture. This article will focus on Shell Cansolv’s
contribution to this project along with a brief description of major challenges and lessons learned.
By Karl Stéphenne, Shell Cansolv
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Extending the
useful life
Unit 3 of the Boundary Dam

Power Station was an aging

asset in the SaskPower fleet

and was subject to the new

federal regulations on the re-

duction of CO2 emissions

from coal-fired power

plants. According to the cur-

rent projections, the up-

grades to the unit will extend

its useful power production

life by 30 years. 

At full capacity, the

SaskPower ICCS Demon-

stration Project captures over

one million metric tons of

CO2 per year, reflecting a

90% CO2 capture rate for

the 150 MW coal‐fired unit.

The resulting captured CO2

emissions are compressed

and transported through

pipelines to Cenovus Ener-

gy who uses the CO2 for

Enhanced Oil Recovery

(EOR) activities in the Wey-

burn oil field. Weyburn  is

recognized as the largest ge-

ological CO2 storage project

in the world. Meanwhile, all the SO2 present

in the flue gas is recovered and used for pro-

duction of sulphuric acid which is subse-

quently sold as a valuable by-product.

The SaskPower Boundary Dam ICCS Proj-

ect is a major step towards the global deploy-

ment of the Shell Cansolv post-combustion

CO2 capture technology. The technology us-

es regenerable amines to capture both SO2

and CO2, which means that no direct waste

by-products are generated. Besides environ-

mental benefits, advantages of the Shell Can-

solv’s technology include a lower net present

value solution. 

The innovative combined
SO2/CO2 capture system
The Cansolv process line-up for the SaskPow-

er Boundary Dam ICCS Project, presented in

Figure 1, includes a particular design enhance-

ment: selective heat integration with Shell

Cansolv’s innovative combined SO2/CO2

capture system helps to reduce energy require-

ments associated with carbon capture. With

this approach, the Capture Plant steam re-

quirement is significantly reduced.

“As the first large scale project of its kind in

the world, this is a huge step forward in vali-

dating that our technology is enabling an eco-

nomical benefit while providing a profitable

EOR development”, states Luc Camiré, Di-

rector of Engineering at Shell Cansolv. “The

use of Shell Cansolv’s technology will enable

SaskPower to meet the growing demand for

sustainable and affordable low carbon-intense

electricity.”

The Shell Cansolv
contribution
Shell Cansolv, a subsidiary of Shell Global

Solutions, is a world leader in the design and

development of regenerable amine‐based gas

scrubbing technologies. Shell Cansolv offers

solutions for the control of atmospheric pol-

lution through high efficiency post combus-

tion removal of SO2 and CO2 in a wide

range of industrial applications. 

Coal fired power plants represent the largest

single point emitters of anthropogenic CO2.

Depending on the origin of the coal, SO2

emissions can be as high as 3,000 ppmv SO2.

Shell Cansolv has developed a technology

that targets the combined capture of SO2 and

CO2 from such applications, exploiting op-

portunities for integration and further reduc-

ing energy requirements. This breakthrough

technology sets a new paradigm for amine-

based scrubbing technologies operating in ox-

idative environments.

The contribution of Shell Cansolv to

SaskPower Boundary Dam ICCS Project is

quite diverse. Above and beyond being the

process licensor, technology provider and

amine supplier for both the flue gas desul-

phurization and CO2 capture processes, Shell

Cansolv is providing a multitude of products

and services to SaskPower. For example, Shell

Cansolv:

1) Supplied modular amine filtration and

amine purification units;

2) Reviewed detailed engineering documents

and vendor drawings;

3) Developed and reviewed training material

and provided training to the operators;

4) Helped environmental permitting efforts

by conducting thorough biodegradability, tox-
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Figure 1: Cansolv process line-up for the SaskPower BD3 CCS Project

SaskPower Boundary Dam      Leaders 
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Leaders SaskPower Boundary Dam

icity and ecotoxicity tests;

5) Managed evaluations to identify the best

available waste water treatment technologies;

6) Advised and supported organization,

preparation and execution of commissioning

and start-up;

7) Helped prepare and register safety data

sheets used for operation and maintenance;

8) Reviewed standard operating procedures;

9) Provides specialized support of experts

from the wider Shell organization;

10) Supported successful start-up through

specific project assurance activities;

11) Provides ongoing counsel to optimize

overall process performance before and after

the warranty test.

Winter Challenges
Amongst some of challenges encountered

during engineering, construction, commis-

sioning & start-up of this first-of-a-kind

project, one major hurdle came from the

harsh climate of Saskatchewan. The initial

project schedule minimized any crucial con-

struction and commissioning activities taking

place in winter. However, because the final in-

vestment decision was delayed by 6 months

the schedule was shifted, resulting in some

critical construction steps falling in the dead

of winter. 

To erect the acid resistant brick lined concrete

absorbers, cold climate and falling snow re-

duced the scheduled window when concrete

could be poured. A special heated shelter, us-

ing recycled ethylene glycol as the source of

radiant heat, erected on a hydro-mobile sys-

tem to raise it to elevation, was used to reduce

the construction schedule of the concrete ab-

sorbers. Looking back, starting field construc-

tion in late winter would have maximized

concrete pours at elevation during warmer pe-

riods. 

Upon first hydrostatic loading of the concrete

absorber and lean amine tank, specific tem-

perature ranges had to be respected. In the

middle of winter, this required special equip-

ment to pre-warm the concrete structure with

warm air and caused additional delays. 

Other challenges included the achievement

of a “zero liquid leak” chimney tray objective.

While the design had been enhanced, the ac-

tual fabrication quality was the main chal-

lenge. After multiple tests and repairs sessions

in a very confined area, the weld quality final-

ly met specifications and virtually no leaks

were detected under both static and circula-

tion mode.   

Conclusion
Through innovation and determination, Shell

Cansolv and SaskPower have succeeded in

demonstrating that CO2 capture on this scale

is not only possible but realistic as well. This

first adoption of commercial scale CO2 cap-

ture sets the stage for the global fossil fuel in-

dustry. The learnings gained from this project

will serve to advance adoption of CCS and

will help to reduce costs on subsequent proj-

ects.

More information
www.cansolv.com
www.saskpowerccs.com

The CO2 stripper supplied by Shell Cansolv 
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CO2-curing technology for concrete

The two companies are working to reduce
the industry footprint of concrete and re-
categorize CO2 as a catalyst for profitabil-
ity and growth.

U.S. start-up Solidia Technologies® has

joined forces with The Linde Group, a world-

leading supplier of industrial gas and equip-

ment and engineering company, to industri-

alize an innovative technology that could re-

duce the environmental footprint of pre-cast

concrete while reducing production costs and

improving the performance of building ma-

terials. The collaboration will include the de-

velopment, demonstration and commercial-

ization of Solidia’s carbon dioxide (CO2)-

based concrete curing technology. The two

companies are also collaborating on market-

ing the technology as a new solution for the

pre-cast concrete sector.   

Concrete is the most widely used material in

the world. The cement industry, which pro-

vides ordinary Portland cement (OPC) to the

concrete industry, is the second largest emit-

ter of carbon dioxide in the world, responsi-

ble for three to five percent of total global car-

bon emissions. Six of the top 10 traders in

carbon credits in Europe are cement compa-

nies. Cement manufacturers have committed

to reducing their carbon footprint but are of-

ten constrained by their assets and chemistry. 

Solidia’s CO2-based concrete curing technol-

ogy utilizes Solidia Cement™ , a novel chem-

istry developed by Solidia. The patented tech-

nology allows lower CO2 emissions in the ce-

ment production process and involves the  use

of CO2 in precast concrete manufacturing.

Overall, CO2 emissions associated with the

production and use of cement can be reduced

by up to 70 percent. Benefits include superior

concrete product performance, reduced mate-

rials and water usage as well as shorter curing

times.

By helping develop a means of transforming

CO2 into a valuable commodity for one of

the world’s largest industries, the Linde-So-

lidia collaboration will help speed the market

penetration and social impact, re-categoriz-

ing CO2 as a cata-

lyst for profitabili-

ty and growth.

The Cement Sus-

tainability Initia-

tive of the World

Business Council

for Sustainable

Development set

2050 CO2 reduc-

tion targets for the

global cement in-

dustry. Hypotheti-

cally, if the indus-

try were to adopt

Solidia’s technolo-

gies today, it could

achieve those 2050

goals within three

years. 

Novel CO2-
curing Technology
Solidia Concrete™, a new, sustainable con-

crete that consumes carbon dioxide in the

curing process, is defined by both its propri-

etary curing process and its formulation—a

blend of water, coarse and fine aggregate, and

Solidia Cement.1 Solidia Concrete can be

adapted easily by manufacturers of conven-

tional concretes.   

Solidia Cement, a requisite ingredient in the

formulation of Solidia Concrete products, is

composed primarily of low-lime containing

calcium silicate phases. The curing of concrete

products made using Solidia Cement is de-

rived from a reaction between these low-lime

calcium silicate phases and gaseous carbon

dioxide (CO2) in the presence of moisture.

During the carbonation curing process, cal-

cite (CaCO3) and silica gel (SiO2) are

formed and are responsible for the develop-

ment of strength within the concrete. This is

in contrast to the hydration process that oc-

curs in Portland cement-based concrete,

which involves the hydration reaction be-

tween high-lime calcium silicate phases and

water to form calcium-silicate-hydrate gel

and calcium hydroxide.  

The curing process of concrete made using

Solidia Cement sequesters up to 300 kg of

CO2 per tonne2 of cement. When the re-

duced CO2 emissions associated with Solidia

Cement production are considered along with

the ability of that cement to sequester CO2

during concrete curing, the CO2 footprint as-

sociated with the manufacturing and use of

cement can be reduced by up to 70% com-

pared to OPC.

Solidia Concrete can be produced by manu-

facturers of traditional concretes and can be

designed to address any precast concrete ap-

plication. These products, which include

paving stones, concrete blocks, hollow-core

slabs, railroad sleepers (ties), roof tiles, and

Solidia Technologies is collaborating with Linde on a new CO2-curing technology that could untap
the potential value of CO2 as a commodity for pre-cast concrete production. 
By Dr. Nick DeCristofaro, Chief Technology Officer, Solidia Technologies, and Dr. Andreas
Opfermann, Head of Clean Energy and Innovation Management, Linde

Solidia Concrete blocks (above), hollow-core slab (next page left), and railroad
sleepers (next page right)

1. Solidia Concrete and Solidia Cement are interdependent
materials; Solidia Concrete can only be made with Solidia
Cement. All calculations herein are based on trials using
Solidia’s patented processes. See the two-part white paper series,
Solidia Concrete™, published February 2014, and Solidia
Cement™, published December 2013. 

2.  All calculations are based on the tonne, also known as the
metric ton, equaling 1,000 kilograms.
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pervious concrete, match or exceed the prop-

erties and characteristics of concrete products

made using OPC. Additionally, the Solidia

Concrete curing process can be completed in

a matter of hours, allowing for rapid deploy-

ment.  As water is not consumed during the

Solidia Concrete curing process, it can be col-

lected and reused, with recycle rates in excess

of 60 percent, and potentially as high as 100

percent.3

Solidia Concrete
Microstructure
To create Solidia Concrete products, water,

aggregates and Solidia Cement are mixed,

formed into the desired shape and then react-

ed with gaseous CO2 to produce a hardened

structure.   During the carbonation reaction,

calcium is dissolved from the surface of each

cement particle, reacts with CO2 in the cap-

illary pore space, and precipitates as calcite on

the outer surface of the particle. Simultane-

ously, an insoluble layer of silica gel forms

within the outer boundary of the cement par-

ticle, maintaining the original contour of the

particle. The cores of some cement particles

remain unreacted, while others are complete-

ly reacted, leaving only silica gel surrounded

by calcite.

The calcite and silica gel reaction products

occupy ~62% more solid volume than the So-

lidia Cement reactant. This volume expansion

takes place entirely within the capillary pore

space and does not cause any volume expan-

sion of the con-

crete product.

Unlike Portland

cement, which

continues to re-

act in the pres-

ence of water,

Solidia Cement

curing stops

once the con-

crete is removed

from the CO2-

curing environ-

ment. 

The calcite acts as a binding phase within the

Solidia Cement paste and is similar in func-

tion to the C-S-H gel in Portland cement

paste. The silica gel has nanometer size pores,

which are similar to the gel pores of C-S-H

in the Portland cement paste.

Delivering and managing
CO2
A critical development along the path to

commercializing Solidia’s technologies will be

managing and delivering CO2 to the concrete

curing. Supply of CO2 will be first for in-

plant pre-cast and eventually for on-site cast-

in-place construction. Linde will bring CO2

supply and delivery expertise, including engi-

neering of application-specific equipment, to

contribute to this joint development. With its

impressive fleet of CO2 trucks, railcars, ships

for CO2 transport, its experience with CO2

production, and its wide range of applica-

tions-specific knowledge, Linde is well pre-

pared to support the roll-out of this technol-

ogy. This project marks an important step in

proving and enhancing Linde’s CO2 manage-

ment capabilities. 

Introducing innovation to an old, traditional

industry is a tall order. Solidia is bringing a

sustainable innovation to a market that dates

back 2,000 years and whose last major prod-

uct innovation was the invention of Portland

cement in the early nineteenth century. So-

lidia is tasked not only with the development

of sustainable technologies, but making those

technologies easy for industry to adopt. 

Creating a sustainable pathway for the cement

and concrete industry requires the develop-

ment of new, affordable technologies that will

not overburden the industry with capital in-

vestments or dramatic changes in production.

By marrying the scientific innovation of a

start-up with the market intelligence, engi-

neering and construction capabilities and

global infrastructure of established industry

leaders, Solidia and Linde are accelerating the

drive to a future where sustainability will im-

mediately conjure forecasts of profitability.

As collaborators with a global reach and

decades of technological and market knowl-

edge, industry leaders such as Linde play a

significant role in driving innovation to mar-

ket. Linde’s expertise in gas delivery and

equipment engineering enables rapid com-

mercialization by freeing Solidia to focus on

the development of the core technology.

Likewise, Solidia’s technology gives Linde ac-

cess to a large, new market for CO2 that

would not exist without Solidia.

R&D Funding from US DOE
National Energy Technology
Laboratory
This fall, Solidia renewed a research and de-

velopment project co-funded by the US De-

partment of Energy's National Energy Tech-

nology Laboratory (NETL). To date, the on-

going research project has been funded with

US$1.1 million from the NETL through its

Carbon Storage Technology program and

US$1 million from Solidia Technologies as

cost share. The research focus includes the

water use, CO2-curing time, and mechanical

strength of Solidia Cement-based concrete. 

NETL supports Solidia Cement-based con-

crete technology because of its potential to

consume CO2 as it cures, which falls within

NETL’s mission to support the development

of technologies that reduce or avoid man-

made greenhouse gases emitted to the atmos-

phere. NETL implements a broad spectrum

of energy and environmental research and de-

velopment (R&D) programs exploring com-

mercially viable solutions to national energy

and environmental problems.

The focus of the NETL funded research at
3. See white paper, Water Savings in Concrete Made from
Solidia Cement™, published April 2014.
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Solidia has, most recently, included the un-

derstanding of water distribution in concrete

during the drying and curing process and how

that water distribution can be controlled to

allow concrete curing in the shortest period

of time. 

The research demonstrated that Solidia Con-

crete can achieve full hardness in less time

than traditional concrete made from Portland

cement. In every application studied, Solidia

Concrete cures in less than 24 hours as com-

pared to the curing time of 28 days required

for OPC-based concrete to achieve full hard-

ness. In addition, at every stage of curing, So-

lidia Concrete parts match or exceed the

strength of comparable products made with

OPC-based concrete.

The research findings further demonstrate

that, when the reduced CO2 emissions asso-

ciated with Solidia Cement production are

combined with the CO2 reacted into Solidia

Concrete, the CO2 footprint of precast con-

crete products can be reduced by up to 70 per-

cent.

“As an alternative building material with a

lower carbon footprint, Solidia Cement is an

excellent example of the innovative technolo-

gies DOE’s Carbon Storage Program ad-

vances in its mission to promote solutions for

reducing CO2 emissions”, stated NETL Car-

bon Storage Technology Manager Traci Ro-

dosta. “We’re hopeful that the commercial

success of Solidia Cement will encourage the

view that CO2 has untapped value as a com-

modity.”

NETL recently agreed to finance the project’s

next stage, which will focus on demonstrating

this CO2 reduction and storage capability on

a prototype scale in a commercial concrete

plant.

Collaborators Committed to
Commercializing Sustainable
Solutions
The Linde collaboration and NETL research

funding add to a robust roster of collabora-

tive testing agreements and third-party re-

search that reinforces Solidia’s technology and

product development. Solidia purposefully

seeks partnerships with private and public

sector leaders committed to commercializing

sustainable technologies. Prominent among

these is ongoing research in cement produc-

tion and concrete applications with Lafarge,

who signed a partnership agreement with So-

lidia in October 2013.  

A world leader in build-

ing materials, Lafarge

employs 65,000 people

in 64 countries and

boasts the world’s lead-

ing building materials

research facility. Lafarge

places innovation at the

heart of its priorities in

order to contribute to

more sustainable con-

struction and to better

serve architectural cre-

ativity. 

Since 2010, the Lafarge

Group has been part of

the Dow Jones Sustain-

ability World Index, the

first global sustainabili-

ty benchmark in recog-

nition of its sustainable

development actions.

As part of the agree-

ment, Lafarge conduct-

ed trials with Solidia to

demonstrate feasibility of commercial-scale

cement production in the first half of 2014.

The two companies are actively collaborating

to market this technology as a new solution

for the pre-cast sector.

During a panel discussion on “Integrating In-

novation into Industry,” that took place in

April during a conference at the University of

Virginia, Peter Quail, vice president, Precast

Concrete of Lafarge’s Innovation Division,

commented on the sustainability features of

Solidia Cement: "As a 35-year veteran in the

precast concrete industry, I see the physical

characteristics and properties of this material

to be a real game changer. Not only will So-

lidia cement result in an improved product

with higher profitability for the precast con-

crete customer, it also represents a new para-

digm with respect to sustainability."

Other collaborators include the U.S. Depart-

ment of Transportation’s Federal Highway

Administration supports Solidia with a Co-

operative Research and Development Agree-

ment (CRADA) to examine transportation

infrastructure applications at the Turner-Fair-

bank Highway Research Center. Long-term

research continues at Rutgers, the State Uni-

versity of N.J., where the original generation

of the technology was developed, while col-

laborative concrete characterization research

efforts are underway in laboratories at Pur-

due University, Ohio University, and the Uni-

versity of South Florida. 

Conclusion

Solidia’s CO2-curing technology offers con-

crete manufacturers significant cost savings

compared to water-based curing of conven-

tional cement based products, plus faster cur-

ing times, lower energy usage, reduced raw

material consumption and waste generation,

and reduced labour requirements. 

Creating a sustainable pathway for the ce-

ment and concrete industry requires the de-

velopment of new, affordable technologies

that will not overburden the industry with

capital investments or dramatic changes in

production. The partnerships between So-

lidia, Linde, Lafarge, US government agen-

cies and university laboratories marry the sci-

entific innovation of a start-up with the mar-

ket intelligence and global infrastructure of

established industry leaders, and the expert-

ise, facilities and funding available in the pub-

lic and academic sectors.  Together, this inte-

grated team is accelerating the drive to a fu-

ture where sustainability will immediately

conjure forecasts of profitability in the cement

and concrete industries.

More information
www.solidiatech.com
www.linde.com
www.lafarge.com

Figure 1. SEM-BSE image showing the microstructure of Solidia Cement
paste area of a concrete sample
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Recycling power plant emissions into
fuel using algae

The company is now seeking a strategic
partnership and raising funds through
crowdsourcing to build a pilot demonstra-
tor.

The concept is called ViPARTM (Vertically

integrated Photo Array Reactor) and in-

volves a vertically stacked array of growth

tubes where algae can live in optimum con-

ditions. Because of its vertical arrangement,

the system can be scaled up while maintain-

ing a small footprint. 

The industrial scale of capture capability re-

alized in ViPAR, allows for significant levels

of fuel production; enough to not only offset

cost, but sufficient to create sustainable prof-

itability, the company believes.

The idea originated with an airline captain

in the U.S.A., Arthur WP Massé. who want-

ed to find a natural solution to the problem

of rising oil prices and fuel supply. The result

is a carbon capture and recycling system that

uses algae to convert CO2 into lipids which

can be converted into fuels.

“Algae provide the natural process of making

stored energy by synthesizing oil from solar

energy,” explained Mr. Massé. “Conceptually,

I realised that due to land use requirements,

any successful algae cultivation system must

be extremely efficient and employ a vertical

farming method.” 

“After much  research, I discovered that there

was absolutely nothing like this device that

had ever been patented, even though it was

simple in its concept. I began to learn how

to write a patent application, and eventually

engaged a brilliant professional to finalize the

claims. Remarkably, we have never been re-

quired to defend a single claim in any patent

office anywhere in the world. We are very

pleased with the solid scientific foundation

upon which ViPAR is built.”

“We have been fortunate to benefit from the

knowledge and insight of some world-class

engineers and scientists who have assisted us

with technical details and process refine-

ments such as those given us by Algal Pro-

duction and Optimization LLC, with whom

we have contracted for lipid enhancement

technology.”

About the technology
ViPAR is capable of adding energy to exist-

ing CO2 via natural photosynthesis. By im-

plementing a hybrid artificial/solar lighting

system, the company expects to increase en-

ergy augmentation levels well above the 50%

achievable using only an artificial lighting

system. 

“The inherent characteristics of ViPAR CO2

capture make it highly efficient at industrial

volumes. In comparison with other algal sys-

tems, ViPAR requires only 50 acres (20

hectares) of land footprint versus the 210

square miles of open ponds required to cap-

ture the CO2 from an average US coal fired

power plant,” said Mr. Massé.

A 50-acre ViPAR installation includes pro-

cessing facilities, fuel storage tank farm, mul-

ti-modal transportation terminals, parking,

office, and green space.

Annual drop-in renewable ViPAR fuel pro-

duction is a total of 600 million US gallons

(2.25 billion litres) from a single 667MW

power plant. The breakdown is roughly 100

million gallons (375 million litres) of drop-

in renewable diesel, 100 million gallons (375

million litres) of drop-in renewable jet fuel,

and 400 million gallons (1.5 billion litres) of

non-food sourced ethanol..

Using historic average fuel spot market pric-

ing models, reduced by approximately 10%,

ViPAR fuels are predicted to produce a 45%

return on investment at a full-scale (667

MW) facility. In turn, the larger the facility,

the higher the efficiency of operation.

ViPAR Fuels are capable of maintaining

competitive pricing through high levels of

market price volatility.

Virtual view from the interior of a ViPAR farm building with tens of thousands of stacked modules

MasseReaction has developed an algae technology that can capture CO2 and other pollutants from
power plant emissions and convert them into sustainable drop-in fuels for transportation. The
resulting fuels are cheaper than fossil fuels in the open market. 

Special topic    CO2 utilisation
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How it works
ViPAR is a module containing thousands of

growth tubes. These modules can be stacked

in an array to heights of up to approximately

15 metres. The tubes of each module align

perfectly with the tubes of the modules ad-

joining above and below, effectively creating

thousands of reactor tubes, 15 meters high.

Each module receives light via fiber optic

transmission lines, and each tube in the mod-

ule receives light via optical pathways. Each

tube radiates ‘cold’ light toward its centre via

holographic optical devices present in the

tube walls. This patented feature of ViPART

allows precise control of temperatures inside

each reactor tube, while delivering precise

frequency and intensity of light to each and

every algae cell growing in the reactor - a per-

fect algal growth environment.

“This is a giant leap forward in photobiore-

actor technology,” explained Mr. Massé. “Ar-

tificial lighting, placed in close proximity to

the reactor tubes, has generally been utilized

to achieve required intensities of light inside

the reactor tubes. High intensity artificial

light sources placed close to the reactor re-

sult in elevated levels of radiated, and conse-

quently trapped, heat. This heating effect can

cause thermal runaway. Unregulated environ-

mental temperatures place stress on the or-

ganisms, and left unchecked, can kill the al-

gae.” 

ViPAR fuel production can
provide a revenue stream
that more than offsets costs

Tens of thousands of these reactor modules

can be stacked into thousands of arrays and

placed indoors. A ‘stressed skin’ fabric build-

ing made by a company called Sprung Struc-

tures, which is inexpensive to construct, fast

to erect, and can be insulated is the first line

of environmental controls that keep UV light

out, giving a confined space in which to pre-

cisely regulate temperature, as well as a clean

environment that can be protected against

hostile windborne particles It is designed to

resist wind load up to 125 mph (200 km/h),

as well as to shed snow and ice.

MasseReaction will also employ an algae en-

vironmental manipulation and control sys-

tem that will allow it to multiply the produc-

tion numbers of algae as well as the lipid (oil)

content the algae produce. 

This will allow 'local' algae to be used instead

of genetically modified algae. MasseReaction

will use the common algae growing at each

location a ViPAR installation is built. The al-

gae will be given ideal conditions under

which they can multiply and grow.

With ViPAR, the CO2 uptake process gains

efficiency with increasing volume; the same

is true for the harvesting and separation

processes. 

“MasseReaction has taken a divergent track

from the ‘norms’ of harvesting and process-

ing algal oils and sugars, which traditionally

involve centrifugation, drying and pressing

algae to capture the oil product. MasseReac-

tion will employ multiple stages of hydrody-

namic ‘motive flow’ and ultra-sonic process-

ing to split cell walls and achieve isolation

and separation of algal components.”

Sugars will be distilled into ethanol via dis-

tillation, and oil will be processed into

ViPAR Fuels, which are drop-in renewable

diesel and jet fuels produced via Fisher-Trop-

sch. Both processes produce CO2 that is

again captured and returned to the ViPAR

farm for use by algae.

Application  and
environmental impact

By producing drop-in renewable liquid trans-

portation fuels, ViPAR replaces much of the

petroleum based toxins and GHG’s that

would be released to the atmosphere from

the production, import, and refining of fossil

based fuels. “The technology provides the fu-

els production capacity to make any devel-

oped country independent from foreign fuel

imports,” said Mr. Massé.

MasseReaction sees ViPAR as a technology

that can help countries dependent on coal for

electric power generation. Coal is a cheap and

abundant primary fuel source for emerging

and developed countries alike. By recycling

CO2 via algae photosynthesis, GHG and at-

mospheric heavy metals will be effectively re-

duced by the amounts of fossil fuels that are

displaced by ViPAR fuels.

“Deployed across the United States fleet of

gas and coal fired power plants, ViPAR could

remove 1.6 billion tons of CO2 emissions

from the atmosphere; representing approxi-

mately 16% of the world’s annual total.”

Future plans
The current challenge is initial funding for

the technology, as it is a capital intense en-

deavour. MasseReaction estimates the cost of

a commercial demonstrator to fall in the $50

million range with a sustainable profitability

topping 20 million annually

MasseReaction believes that as soon as a

technology demonstrator shows the verified

CO2 uptake and fuel production capabilities

of ViPAR, that funding for a fully sustain-

able commercial demonstrator could be easi-

ly acquired through an investment-banking

consortium or through private financing.

“When you consider that many large fuel

consuming companies spend tens of millions

of dollars hedging fuel costs every quarter, it

is a very attractive risk vs reward scenario,”

said Mr. Massé.

“We are actively seeking a Strategic Partner

interested in moving ViPAR technology for-

ward with us. We are can help Strategic Part-

ners with Carbon Credits and expansion of

their revenue base, if they are a power pro-

ducer; or, if they are a large single point fuel

consumer like an airline, a maritime shipping

company, or rail line, we would be willing to

offer them long term fixed fuel pricing such

as open market ‘spot’ minus 10% with a 21

day fixed price component.”

MasseReaction says it has a deployment plan

that can cover the globe in 20 years; enough

time to possibly slow global warming.

“Potential algal products are myriad. Most al-

gae producers have abandoned fuels and are

making higher value products like pharma-

ceuticals, nutraceuticals, and cosmetics in at-

tempt to break even and make a profit. We

have chosen fuel as a primary product not

only because of its critical nature to national

economy, but as a proof of ViPAR efficiency.

“We see a lot of opportunity ranging from

renewable lubricants to plastics. Once you

have the carbon chain, it becomes a question

of how many molecules you want in that

chain in order to make the products you wish

to develop. We are excited about the possi-

bilities that we can cultivate through R&D.”

More information
www.massereaction.com
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Copper foam turns CO2 into useful
chemicals

A catalyst made from a foamy form of cop-
per has vastly different electrochemical
properties from catalysts made with
smooth copper in reactions involving car-
bon dioxide, a new study shows. 

As levels of carbon dioxide in the atmosphere

continue to rise, researchers are looking for

ways to make use of it. One approach is to

capture CO2 emitted from power plants and

other facilities and use it as a carbon source

to make industrial chemicals, most of which

are currently made from fossil fuels. The

problem is that CO2 is extremely stable, and

reducing it to a reactive and useful form isn’t

easy.

“Copper has been studied for a long time as

an electrocatalyst for CO2 reduction, and it’s

the only metal shown to be able to reduce

CO2 to useful hydrocarbons,” said Tayhas

Palmore, professor of engineering and senior

author of the new research. “There was some

indication that if you roughen the surface of

planar copper, it would create more active sites

for reactions with CO2.”

Copper foam, which has been developed only

in the last few years, provided the surface

roughness that Palmore and her colleagues

were looking for. The foams are made by de-

positing copper on a surface in the presence

of hydrogen and a strong electric current. Hy-

drogen bubbles cause the copper to be de-

posited in an arrangement of sponge-like

pores and channels of varying sizes.

After depositing copper foams on an elec-

trode, the researchers set up experiments to

see what kinds of products would be produced

in an electrochemical reaction with CO2 in

water. The experiments were performed by

Sujat Sen and Dan Liu, graduate students in

chemistry working in Palmore’s lab at Brown’s

School of Engineering.

The experiments showed that the copper

foam converted CO2 into formic acid, a com-

pound often used as a feedstock for microbes

that produce biofuels, at a much greater effi-

ciency than planar copper. The

reaction also produced small

amounts of propylene, a useful

hydrocarbon that’s never been

reported before in reactions in-

volving copper.

“The product distribution was

unique and very different from

what had been reported with

planar electrodes, which was a

surprise,” Palmore said. “We’ve

identified another parameter to

consider in the electroreduction

of CO2. It’s not just the kind of

metal that’s responsible for the

direction this chemistry goes,

but also the architecture of the

catalyst.”

Now that it’s clear that archi-

tecture matters, Palmore and

her colleagues are working to

see what happens when that ar-

chitecture is tweaked. It’s likely,

she says, that pores of different

depths or diameters will pro-

duce different compounds from

a CO2 feedstock. Ultimately, it

might be possible to tune the

copper foam toward a specific desired com-

pound.

Palmore said she’s amazed by the fact that

there’s still more to be learned about copper.

“People have studied electrocatalysis with

copper for a couple decades now,” she said.

“It’s remarkable that we can still make alter-

ations to it that affect what’s produced.”

The work in the study is part of a larger ef-

fort by Brown’s Center for the Capture and

Conversion of CO2. The Center, funded by

the National Science Foundation, is explor-

ing a variety of catalysts that can convert CO2

into usable forms of carbon.

“The goal is to find ways to produce some of

the world's largest-volume chemicals from a

sustainable carbon source that the Earth not

only has in excess but urgently needs to re-

duce,” said Palmore, who leads the center.

“This is a way for us as scientists to begin

thinking of how we produce industrial chem-

icals in more sustainable ways and control

costs at the same time. The cost of commod-

ity chemicals is going nowhere but up as long

as production is dependent on fossil fuels.”

More information
The Center for Capture and Conver-

sion of CO2 is a Center for Chemical

Innovation funded by the National

Science Foundation (CHE-1240020).

www.brown.edu

Scientists at Brown University’s Center for Capture and Conversion of CO2 have discovered that copper
foam could provide a new way of converting excess CO2 into useful industrial chemicals, including
formic acid. The research is published in the journal ACS Catalysis.

A foam of copper Copper is the only metal that can reduce CO2 to
useful hydrocarbons. A foam of copper offers sponge-like pores and
channels, providing more active sites for CO2 reactions than a
simple surface. Image: Palmore lab/Brown University
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Projects & Policy

The world, or initially parts of it (such as the
EU or the US) would adopt an allowable
CO2 emissions plan which in accordance
with scientific evidence, would agree how
much CO2 could be emitted to the atmos-
phere every year. This allowable level must
start with today’s levels but then gradually
decrease to a sustainable level over a period
of [say 20] years.

Purchasers of Hydrocarbons would be classi-

fied on the basis of the end use as Green or

Black (or somewhere in between). Green end-

users would be those who emit zero CO2 and

Black end-users would be those who emit

100% CO2. Shades of Green could be adopt-

ed as a sophistication. 

Hydrocarbon producers (i.e. oil, gas and coal

companies) could sell (Green) Hydrocarbons

of any type and any quantity on an unrestrict-

ed basis to suitably qualified and certified emit-

ters. The end use emitter would determine

whether the Hydrocarbon being sold was

Green or Black.

Hydrocarbon producers could sell (Black) Hy-

drocarbons freely on the market but only to the

extent that the total amount of CO2 that would

arise from such global sales in a given period

such as a year, if combusted would remain with-

in the allowable CO2 emissions plan. 

Clearly the market price for Green as against

Black will develop along different trajectories

and both will be competing with all other

forms of energy production such a renewables.

However, the only way that Hydrocarbons can

prosper will be by investment in removal or re-

sequestration of the carbon by such mecha-

nisms as CCS. Then the market can take care

of the rest.

A global agreement for this is as unlikely as a

global agreement over any type of carbon emis-

sions, but this scheme could be implemented

on a regional basis. For example, the European

Union could agree on how much ‘black’ hydro-

carbons it wishes to import or produce, and any

hydrocarbons beyond this would need to be

certified ‘green’.

At first sight, the system may sound a bit like

the carbon trading scheme, but is in fact very

different and is much simpler, on the basis that

there are a lot less E&P companies to regulate,

Dr Gaisford says. The carbon trading scheme

relies on regulating every CO2 emitter in the

world, and detailed agreements with the gov-

ernment of every country which emits CO2.

Dr Gaisford argues that the carbon emissions

trading scheme is in fact too complicated to

work, and does not produce any incentive to

invest in CO2 reduction until the imposition

of carbon pricing on all existing emitters reach-

es the critical tipping point at which point the

world cost of energy has been increased by 50

– 100% before any incentivised investment in

CO2 reduction has even started. 

Also, with so many opportunities for get-out

clauses, large amounts of money paid for cred-

its and no-one knows where it goes (rather

than money being spent on actually reducing

emissions), and a requirement for governments

to get the perfect amount of control over the

market – too much control and it ceases to be

a market, too little control and the price drops

to nothing.

But this alternative system would only require

just regulating the Green and Black markets,

whilst the petroleum and coal producing com-

panies would be regulated by the markets

themselves. It might be hard to sign up every

single oil, gas and coal producer, and the new

markets and their regulators, to participate, but

with a smaller number of participators, it

would be easier.

There is no real difference between regulating

CO2 emissions and regulating hydrocarbon

production, in that all produced hydrocarbons

will ultimately be burned and released

CO2. The question for policy makers and in-

dustry to answer is, given that we need to reg-

ulate CO2 emissions, is it easier to do that by

directly regulating emissions, or regulating the

hydrocarbon production through a controlled

market?

Dr. Gaisford says, that “there is a fundamental

principle in play here”: to achieve any univer-

sally agreed reduction in global CO2 emissions

by any method or policy whatsoever, global

production of hydrocarbons (HCs) will be

similarly reduced, unless the CO2 arising from

it is sequestered. 

The guiding principles of the scheme there-

fore are:

• Reduce total energy consumption through-

out the world economy by continuously reduc-

ing overall global energy demand. Do this de-

spite world population growth and emancipa-

tion, by erecting commercial incentives on a

global scale through promotion and subsidies.

Incentives paid for by the OECD countries. 

• Steadily reduce global allowable anthro-

pogenic CO2 emissions on a declining trajec-

tory (to 2035?) in accordance with world sci-

entific evidence/agreement. 

• Allow (Black) Hydrocarbon to compete nor-

mally in the Hydrocarbon market to the ex-

tent only that its carbon content is at or below

the allowable anthropogenic CO2 emissions’

carbon content downward trajectory.

• Allow (Green) Hydrocarbon to compete nor-

mally in the energy market alongside (Black)

Hydrocarbon and Cfree energy.

• Set up and nurture genuine market competi-

tion between Cfree energy (renewables etc.)

and the new Hydrocarbon markets (Black &

Green) to meet an agreed political timetable

(by 2035?). 

• Encourage Hydrocarbon E&P Countries

and Hydrocarbon companies on a global scale

for their own business interests, to commer-

cially invest in re-sequestration of CO2 (e.g.

CCS or re-forestation.)

If the whole world commits to such a process,

the outcome will be:

• Energy use both per capita and eventually

overall, will fall

• Free-burn (Black)HC extraction/production

will shrink

• Cfree and Reseq energy volumes will grow

steadily 

• Energy will become much more expen-

sive but the world will adjust.

Rank hydrocarbons ‘black’ or ‘green’
Dr Rex Gaisford, a former Exec VP and MD of Hess International and founder and past chairman of
the UK North Sea “CRINE” initiative of the 1990s (“Cost Reduction in the New Era”), has come up
with an interesting way to solve the climate issue and in the process make carbon capture
financially viable. This is all achieved by labelling all hydrocarbons either ‘black’ or ‘green’ and
letting the market resolve the price.
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In the last five years, oxyfuel combustion has

benefitted from successful full-chain pilot

tests to cement its status amongst the viable

options for CCS with coal plant, says the re-

port, by Toby Lockwood at the IEA Clean

Coal Centre. 

The technology is now widely considered to

be ready for scale-up to a demonstration phase

in which its suitability for commercial deploy-

ment can be assessed by the operation of a

large-scale oxyfuel plant. While no major

technological barriers have been encountered

in developing oxyfuel to the scale of large pi-

lot plants, the scope for research has only con-

tinued to grow as efforts have focussed on fur-

ther optimisation of plant performance and

new means of reducing the efficiency penalty

imposed by the capture process.

Drawing on both lab-based and pilot-scale

tests, considerable research experience has now

been acquired in the altered behaviour of coal

combustion in an atmosphere of oxygen and

recycled flue gases. Whilst the destabilising ef-

fect of the increased heat capacity can in large

part be countered by raising oxygen levels to

27–30%, new burner designs have been intro-

duced by several manufacturers in order to op-

timise combustion and increase the possible

range of operating parameters. These are usu-

ally based on swirl burners which promote a

high degree of recirculation of hot exhaust,

sometimes in conjunction with injection of

pure oxygen via oxygen lances; both of which

act to accelerate ignition close to the burner.

Improved understanding of the combustion

behaviour at the level of the coal particle is al-

so important for developing accurate CFD

simulations tailored to oxyfuel combustion.

Ongoing research in this area aims to ensure

that the performance of pilot-scale combus-

tion can be reliably translated to operation of

a full-scale plant.

Recycle of flue gases before FGD or drying

steps is an attractive option for raising plant

efficiency, but may carry considerable added

risk of both low- and high-temperature cor-

rosion. Increased levels of water vapour and

SO3 found in hot recycle schemes are known

to raise the acid dew point and therefore re-

quire flue gas ductwork to be maintained

above this temperature in order to avoid se-

vere corrosion. 

The influence of oxyfuel conditions on high-

temperature corrosion of superheaters and wa-

terwalls is harder to elucidate, and often con-

tradictory results have been obtained from

laboratory and pilot studies. However, corro-

sion in oxyfuel furnaces appears to adhere to

familiar air firing mechanisms, with the recy-

cle of SOx-rich flue gases presenting a similar

risk to the use of high sulphur coals. Although

increased water vapour levels increase corro-

sion rates of some alloys, metal carburisation

due to CO2 appears to be effectively mitigat-

ed under oxidative conditions. It is likely that

the corrosion risk will limit early oxyfuel

plants to either less problematic fuels or more

conservative flue gas recycle configurations

with FGD.

As the most energy intensive plant process,

the cryogenic air separation unit (ASU) is par-

ticularly in need of further development and

adaptations specific to oxyfuel plant such as

larger, more efficient, and more flexible units.

In the last five years ASU manufacturers have

reduced energy consumption of the unit by

around 20%, primarily through use of more

complex distillation process cycles such as

three column or cold compression cycles, as

well as implementing improved heat transfer

and drying adsorbent technologies. 

Whilst cryogenic ASU still has potential for

further efficiency optimisation, the recovery of

air compression heat for feedwater preheating

is another useful means of minimising the

overall efficiency penalty to the plant. Other

developments include new technologies for the

efficient storage of liquid oxygen, providing a

cheap alternative to costly operation of the

ASU during times of peak energy demand. 

Although the ASU may prove to be a limiting

factor in oxyfuel plant flexibility, as start-up of

the unit from ‘warm’ can take days and air

compressors have limited turndown, this could

also be mitigted by the use of multiple com-

pressor trains and stored oxygen. Ceramic

membranes are a potentially higher efficiency

alternative means of oxygen production, in

which the absence of cryogenic cooling means

that the energy of the hot, compressed air feed

can be recovered after the oxygen is extracted.

This technology has reached the pilot-scale

but is not yet a commercial reality.

Although oxyfuel combustion can produce

dried flue gases with over 90% CO2, the re-

maining fraction is largely made up of the

light gases N2, O2, and Ar which would sig-

nificantly raise the energy required to com-

press the product gas to pipeline pressures, as

well as potentially exceeding the limits set by

existing pipeline and EOR specifications. The

partial condensation of the flue gases required

to remove these species also imposes its own

strict limits on flue gas contaminants in order

to avoid damage to the sensitive compressors

and cryogenic equipment. 

Temperature swing adsorption is used for

deep flue gas dehydration, while a variety of

means for polishing of SOx, NOx and mercu-

ry to trace levels have been trialled at the lab-

scale or in CPU operating at large oxyfuel pi-

lots. These include conventional alkaline

scrubs, pressure swing adsoprtion, distillation

of NO2, and a novel sour compression process

in which the chemistry of SOx and NOx at

high pressure is exploited to promote their re-

moval as condensates. CPU pilots have suc-

cessfully demonstrated that achieving very

high product CO2 purities is possible with a

distillation step, although for future CO2-

storage purposes a simpler flash separation

may provide sufficient purity.

A disadvantage to conducting oxyfuel research

at the pilot-scale is the necessary investment

in a dedicated oxyfuel boiler, as opposed to the

IEA report - developments in oxyfuel
combustion of coal
A report from the International Energy Agency reviews technological progress in each element of
the oxyfuel plant, as well as presenting the latest results from large pilot projects and
demonstration Front-End Engineering Design (FEED) studies. It also looks at recent analyses of the
potential efficiency and economic performance of future commercial-scale plant are compared.
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power plant slip-stream tests which are possi-

ble for post-combustion capture pilots, and

deployment of large oxyfuel pilots has there-

fore been less widespread. However, a number

of pilots of over 20 MWth capacity have now

been commissioned, with several including

commercial ASU or pilot CPU in addition to

the oxyfuel boiler. 

Such pilots are able to provide invaluable ex-

perience in controlling the interaction of each

of the plant processes in addition to standard

boiler tests. As the largest oxyfuel pilot cur-

rently operating, commisioning of the 100

MWth Callide unit has demonstrated the im-

portance of managing the array of chemical

analysers in a full-chain oxyfuel process, as

well as minimising the acidic corrosion and air

ingress issues encountered by most pilots. Al-

so in the early stages of planned test cam-

paigns, the 30 MWth CFB unit at Ciuden is

a unique facility for assessing the potential of

oxyfuel CFBC, including the use of high lev-

els of oxygen and the performance of in-situ

desulphurisation.

Although several demonstration projects have

reached advanced stages of design and plan-

ning, most have been hindered by the strong

dependence on political and financial support

inherent to all large-scale carbon abatement

projects. However, with growing support from

several national governments, current projects

may meet with more succes. Of these, the pro-

posed 168 MW FutureGen 2.0 plant in the

USA is nearest to realisation, having reached

an advanced stage of design and storage per-

mitting. Other, less advanced projects in the

UK and China may also receive sufficient gov-

ernment support to progress although, as with

other capture projects, the deployment of a

safe transport and storage infrastructure may

present more of a barrier than the plant tech-

nology.

Amongst second-generation oxyfuel combus-

tion concepts, pressurised combustion has at-

tracted particular attention due to the high

proportion of latent heat of water vapour

which can be recovered, the reduction in air

ingress, and the fact that some compression 

energy is saved in the CPU. In the most de-

veloped pressurised technology, currently op-

erating at the 5 MWth scale, the high-tem-

perature flameless combustion of coal slurry

also has the advantage of significantly reduced

emissions. 

Other advanced oxyfuel processes have sought

to reduce or eliminate flue gas recycle in order

to reduce boiler size and improve combustion.

Concepts at the research stage which combine

both pressurised and low flue gas recycle in-

clude molten bed combustion and staged

combustion, and development of such novel

approaches is likely to continue. Without ex-

perience from demonstration projects, assess-

ing the techno-economic performance of fu-

ture commercial oxyfuel plant bears a high de-

gree of uncertainty. Despite this, results of cur-

rent analyses are in broad agreement that oxy-

fuel is at least economically competitive with

other capture technologies to within the level

of accuracy. 

For retrofit purposes, oxyfuel may be a partic-

ularly suitable approach, as it avoids down-

grading the steam turbine and can use a high

proportion of existing plant equipment.

Large-scale oxyfuel plant is variously estimat-

ed to impose an efficiency penalty of

6–10%pts on conventional coal plant, with the

lower end of the range associated with a high

degree of thermal integration of the three

component processes and assuming ongoing

progress in the optimisation of ASU and CPU

efficiencies. Consequently, oxyfuel combustion

could constitute a relatively efficient technol-

ogy for a first generation coal CCS plant, and

should be retained as a viable option alongside

other capture processes by progression to a

demonstration-scale.

The current state of oxyfuel technology

In oxyfuel combustion, coal is fired in a mixture of oxygen and recycled flue gases to pro-

duce a concentrated stream of CO2 which can be purified for sequestration through

physical separation processes. 

Despite the successful operation of a 30 MWth pilot plant since 2008, oxyfuel capture

has yet to progress to the demonstration phase, however, the recent commissioning of a

100 MWth retrofit project and a 30 MWth oxyfuel circulating fluidised bed represent

major steps for the technology. A number of new demonstration projects have also pro-

gressed to advanced stages of planning, of which the 168 MW FutureGen 2.0 plant

could commence construction this year. 

With operation at the pilot-scale well-established, ongoing oxyfuel research has focused

on clarifying the complex effect of the altered gas composition on combustion, heat

transfer, and corrosion mechanisms in the boiler. 

As overall plant efficiency is limited by the substantial auxiliary loads required for oxygen

production and purification of the CO2 product, optimisation of these processes is also

key to future scale up. Commercial cryogenic air separation units can be thermally inte-

grated with the plant’s steam cycle for higher efficiencies, or potentially replaced by

membrane-based processes currently in early stages of development. 

New technologies trialled for CO2 purification have focused primarily on improving

SOx and NOx removal and achieving almost complete CO2 capture.

www.iea-coal.org.uk
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Boundary Dam project opens
www.saskpower.com
The world’s first commercial-scale carbon
capture and storage process on a coal-fired
power plant was officially opened at
Boundary Dam Power Station in Estevan,
Saskatchewan.

Premier Brad Wall, Canada’s Minister of Nat-

ural Resources Greg Rickford, Saskatchewan

Economy Minister Bill Boyd, and SaskPower

President and CEO Robert Watson officially

opened the project. The launch was attended

by more than 250 people from more than 20

countries representing governments, indus-

tries and media.

Shell Cansolv technology is being used to

capture up to 90% of CO2 emissions from

one train of the power plant. When fully op-

timized, SaskPower’s new process will capture

up to a million tonnes of carbon dioxide an-

nually. The captured carbon dioxide will be

used for enhanced oil recovery, with the re-

mainder stored safely and permanently deep

underground and continuously monitored. 

“Over the past six years, Saskatchewan has

become a global hub of innovation, especially

in agriculture, mining, oil and gas, and now

carbon capture and storage,” Premier Wall

said. “This project is another Saskatchewan

first. The rest of the world is very interested

to learn how they too can produce environ-

mentally sustainable coal power.”

“The opening of this new SaskPower plant

reinforces the great innovation and develop-

ment that can take place if you have strong

investment and partnerships from the gov-

ernment and industry,” said U.S. Senator Hei-

di Heitkamp (D-ND). “From my more than

a decade working at Dakota Gasification in

North Dakota, and from visiting the con-

struction of the SaskPower facility just over a

year ago, I understand just how important it

is that we look to the future in how we har-

ness our energy. Coal is a key resource in both

Canada and the U.S., and through the devel-

opment of clean coal technology, we can cre-

ate North American independence and ener-

gy security, while also reducing emissions. We

need to develop more clean coal plants to

make that possible, and in the U.S., we can

learn from the steps Canada has taken to find

a realistic path forward for coal.”

“This project is important because it is appli-

cable to about 95 per cent of the world’s coal

plants,” Economy Minister Bill Boyd said. “As

nations develop emission regulations, they

will come to us to see how we continue to

provide affordable coal power to customers,

but in an environmentally sustainable way.”

Attendees at the event toured the facility and

learned how they can access SaskPower’s ex-

pertise and knowledge to develop their own

CCS initiatives.

Brad Page, CEO of the Global CCS Insti-
tute

“This trailblazing project clearly demon-

strates that carbon capture and storage (CCS)

is possible on a large-scale in the power sec-

tor. Importantly, the lessons learned at

Boundary Dam will help progress CCS proj-

ects internationally as a vital technology to

meet our climate change challenge,” said Mr

Page. 

The CAN$1.35 billion power project is the

first in the world to use post-combustion

CCS technology on a coal-fired power plant

at large scale. SaskPower’s CCS facility is es-

timated to capture 90% of emissions or 1 mil-

lion tonnes of carbon dioxide each year. This

is equivalent to taking more than 250,000 cars

off the road.

“Capturing carbon from of our electricity

generation system has the potential to pro-

vide the largest reductions in carbon emis-

sions. Global forecasts predict fossil fuels will

remain the world’s primary energy source for

decades to come. We simply can’t have an ef-

fective response to tackling climate change

without CCS,” warned Mr Page.

Mr Page said CCS on power has a strong

start with two more large scale CCS projects

in the power sector under construction in the

United States – Southern Company’s Kem-

per County Energy Facility in Mississippi,

and Petra Nova Capture Project in Texas.

Dr. Graeme Sweeney, Chairman of the Ze-
ro Emissions Platform

“We commend SaskPower and Canada for

showing us all how it can be done. I believe

that this event demonstrates that we are at the

brink of a new era for CCS: we hope that

Boundary Dam will help showcase to the rest

of the world that full-scale commercial CCS

is achievable and to kick start the develop-

ment and deployment of this essential tech-

nology.”

This project is a trailblazer for industry

around the world and timely as Europe en-

gages in concrete and important discussions

around European energy and climate policies.

Boundary Dam is a great example showing

what can be achieved when industry and gov-

ernment come together for such an important

cause. Europe will closely follow the progress

on Boundary Dam, especially in light of

promising advancements on European-based

projects such as White Rose and Peterhead

in the UK, ROAD in the Netherlands, and

others. EU institutions and Member States

will need to put in place transitional support

measures for CCS.

“This achievement not only shows what can

be done but provides an opportunity for in-

ternational cooperation. Working together

will help drive the deployment of CCS and

drive learning for this essential technology.”  

Projects and policy news

CCJ 42_Layout 1  18/10/2014  14:12  Page 22



carbon capture journal -  Nov - Dec 2014 23

Projects & Policy

TCM releases amine CO2
capture benchmarks
www.tcmda.com
Technology Centre Mongstad has com-
pleted the world’s first open-source, large-
scale CO2 capture tests of amine solvent
MonoEthanolAmine (MEA) on flue gas
from a gas-fired power plant.

The results prove that industrial-scale CO2

capture is technically and environmentally

feasible to an extent never seen before, setting

a benchmark for the CCS industry. The

MEA campaign at TCM has given the CCS

industry significant new insight into the op-

erations of large amine plants treating gas-

turbine flue gases. 

Baseline solvent MEA is commonly used in

post-combustion carbon capture studies to

compare the performance of proprietarily-de-

veloped amines and other CO2 removal

processes. The new test results are critical in

setting a benchmark for the CCS industry.

TCM is sharing some of the most important

results openly with the global CCS commu-

nity at the GHGT-12 conference in Austin,

TX to increase knowledge and understanding

of CO2 capture technology and to accelerate

the full-scale deployment of CCS.

The results from the MEA test campaign at

TCM prove energy demands for CO2 re-

moval can be reduced from previously antici-

pated 4.1 GJ/ton CO2 removed to about 3.4

GJ/ton CO2 removed, while capturing 90%

of the CO2 in the flue gas. This is a reduc-

tion in energy demand of about 20%, which

will have a significant impact on reducing

costs for full-scale CCS. The results also

prove that the CO2 removal process can be

undertaken in an environmentally safe man-

ner, within the emission limits set by the Nor-

wegian environmental authorities.

The use of amines to remove CO2 from in-

dustrial and natural gas streams is not new,

with some amine systems for industrial and

natural gas treatment dating back to 1930s.

However, there has been a dearth of experi-

ence when using amines to remove CO2 from

flue gases, as flue gases significantly differ

from industrial and natural gas streams in

terms of CO2 partial pressure, oxygen con-

tent, and various trace components such as

SOx and NOx.

Until now, amine tests have been conducted

under patents by independent vendors so

there has been limited data available on CO2

capture operations from CCGT flue gas. To-

day, MEA solvent is no longer protected by

patents, meaning TCM’s results are open-

source and available for use across the entire

CCS industry.  By thoroughly testing the

MEA solvent in the amine plant and openly

sharing that information, TCM stands to

help technologists around the world max-

imise the performance of their technologies

and advance the CCS industry on a major

scale.

The MEA test campaign was designed to in-

vestigate the impacts of varying MEA con-

centrations, verify design capacity and flexi-

bility of the plant and specific functionalities,

and help understand scale-up, performance

and emissions aspects. 

Around 150 different plant run scenarios

were investigated and the campaign also test-

ed different online and offline techniques for

emissions monitoring analysis. An important

part of the MEA testing period was an inde-

pendent test campaign conducted by the US-

based Electric Power Research Institute

(EPRI). The research results from this test

campaign will be presented at GHGT-12 and

stand as a notable contribution to research in

the CCS industry.

Speaking from the GHGT 12 conference in

Austin, Frank Ellingsen, Managing Director

of TCM, said, “The conclusion of the first

ever open source amine testing campaign on

flue gas represents a huge milestone for the

global CCS industry.

The MEA test campaign was conducted in

collaboration with Aker Solutions as a part of

its test period at TCM. The amine plant at

TCM was designed and built by Aker Solu-

tions and Kværner as a flexible test plant. It

comprises an absorber, two stripping columns

and a CO2 recycle line for increased CO2 in-

let content.

Speaking from the GHGT 12 conference,

Oscar Graff, Manager and CTO for CCS at

Aker Solutions, said, “The significance of

these results for the industry as a whole can-

not be underestimated. The benchmark re-

sults of the MEA campaign have great value

for Aker Solutions as a reference to our pro-

prietary amines that have been tested at TCM

over a period of about 12 months. The test

results of our S21 and S26 solvents demon-

strate significant reduction in degradation

rates and improved energy efficiencies, indi-

cating that we have developed robust solvents

also suitable for more challenging types of

flue gases.”

Students discover their inner
scientist at Mongstad
www.co2degrees.com
A group of students from Radøy Second-
ary School near Bergen got to test out life
as a scientist as they took part in a
CO2degees Education Workshop at
TCM.

The students took an ‘energetic look at ener-

gy’ – with  an interactive lesson on climate

change and the need to limit CO2 emissions,

followed by an afternoon of fun experiments

helping them to learn more about carbon cap-

ture and storage technology.

The students were then challenged to com-

municate all they had been learning and

demonstrate their favourite experiments on

camera. The demonstrations will be used in

Regina, Canada in just a few weeks’ time, to

teach students at the SaskPower CCS Edu-

cation workshops more about low-carbon

technologies. 

Kirsty Anderson from the Global CCS insti-

tute led the education workshop and experi-

ments. "Through our CO2degrees Education

program we are trying to engage students

around the world to learn more about CO2,

energy and low-carbon technologies like

CCS. The Radøy Secondary School students

did such a great job demonstrating their

favourite experiments – I think they discov-

ered some serious skills in science communi-

cation!"

Lack of awareness and understanding are

recognised as key barriers to the deployment

of low-carbon energy technologies like car-

bon capture and storage (CCS), so the Glob-

al CCS Institute are making a conscious ef-

fort to improve access to the best education

and outreach materials to help engage people

around the world in discussions around low-

carbon energy.

CarbonKids book can help
children understand CCS
www.ukccsrc.ac.uk
www.co2crc.com.au 
A book created by Western Australian pri-
mary school students will help children
around the world better understand green-
house gases and the process of carbon cap-
ture and storage.

The publication, “A Day in the Life of a Car-

bon Atom – Starring: Adom”, is part of a
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$200,000 Government sponsorship of

CSIRO’s CarbonKids program and will be

distributed through the Global CCS educa-

tion initiative.

The book was released concurrently at the

2014 National Carbon Capture and Storage

Conference in Sydney, where Department of

Mines and Petroleum Carbon Strategy Co-

ordinator Dominique Van Gent presented

copies to delegates.

Mines and Petroleum Minister Bill Marmion

said he was particularly proud to see the tal-

ents of WA students on display at an interna-

tional event. “To take a concept as complex as

carbon capture and storage and create such an

entertaining and, most importantly, easy to

understand book is a big achievement,” he

said.

The book was written and illustrated by 21

Year Six and Year Seven students from St

Michael’s and negotiations are now underway

for its distribution to schools participating in

the Global Carbon Capture and Storage In-

stitute’s international education program.

The Minister launched CarbonKids in West-

ern Australia in August last year, with

$200,000 in Government sponsorship over

two years to assist the CSIRO expand science

education into regional areas.

UK study finds CCS
struggling to be heard 
www.ukccsrc.ac.uk 
Awareness of carbon capture and storage
technology remains “persistently low”
amongst the British public whereas knowl-
edge of fracking is high and growing, ac-
cording to a recent survey conducted by
Cambridge University on behalf of the UK
CCS Research Centre.

These low levels of awareness about CCS

could potentially undermine the UK’s efforts

to utilise the technology as a means of tack-

ling carbon emissions from power plants and

other facilities that burn fossil fuels, says one

of the academics involved in the research.

The representative survey of over 2,000 peo-

ple, conducted by the polling firm YouGov in

late June, suggests that over 40% of the

British public have never heard of CCS, with

only 20% claiming to have read something

about it in the past year. In stark contrast,

awareness of fracking continues to grow dra-

matically, with those claiming to have never

heard about it declining from 22% to just 5%

within the past year, and views on the subject

are becoming increasingly polarised.

Dr David Reiner of the Energy Policy Re-

search Group at Judge Business School, Uni-

versity of Cambridge, who led the study, said:

“As we seek to meet challenging longer-term

carbon targets and build a low-carbon energy

system, the public will be demanding value

for money given the large sums involved. 

The UK Government has ring-fenced £1 bil-

lion of public funds for capital construction

of CCS demonstration projects and will be

committing many millions more within the

next year to support operating costs. Yet, de-

spite CCS featuring regularly in the media,

awareness of its role or progress remains very

low amongst the public and, unsurprisingly,

support for CCS remains tepid and has actu-

ally declined over the past year.”

Dr Reiner will be speaking about the results

of the survey as part of the event, The Car-

bon Conundrum, at the British Science Fes-

tival on Sunday 7 September.

As awareness of fracking grows by leaps and

bounds, the survey found that opposition has

increased relative to last year (from 26% to

34%), but so too has support increased (from

24% to 31%) as more people take sides in the

shale gas debate.  By contrast, support for us-

ing CCS with coal-fired electricity generation

dropped from 41% in 2013 to 28% this year.

Less than 2% of the British public could

name any aspect of the CCS demo projects. 

This is the first public survey in the UK that

compares attitudes on fracking and CCS. It

is also the first to assess evolving attitudes to

CCS in general, and to the two UK demon-

stration projects in particular. Results from

the survey are currently being analysed and

will be published as an EPRG working paper

within the next 2 months.

New Australian labs for CCS
research 
www.co2crc.com.au
An $18 million CO2CRC–University of
Melbourne contract for new laboratories,
plant and equipment will be used in a range
of CCS activities over the next five years.

The new facilities, including laboratories for

CCS geochemistry and carbon capture chem-

ical engineering, basin attribute modelling,

3D visualisation, seismic networks and dy-

namic simulation, will be built, maintained

and operated by The University of Mel-

bourne. The University’s Peter Cook Centre

for CCS Research will offer two new profes-

sorial positions to work in the labs.

The infrastructure contract announced today

is part of the $86 million CCSNET project

established between the Cooperative Re-

search Centre on Greenhouse Gas Technolo-

gies (CO2CRC) and the Commonwealth

Department of Education in August 2013

under the Education Investment Fund (EIF)

for large-scale CCS Flagship projects. The

EIF is providing $51.6 million.

The University of Melbourne’s Deputy Vice-

Chancellor (Research), Professor James Mc-

Cluskey, said the new laboratories would sup-

port national and international work to en-

hance CCS as a technology for tackling cli-

mate change. “With support from the CC-

SNET project, the University of Melbourne

is able to make a significant contribution to

advancing CCS technology,” Professor Mc-

Cluskey said.

“The University aims to become a world

leader in developing innovative and more cost

efficient CCS methods and, more broadly, es-

tablish Australia as a world leader in the tech-

nology. This investment will allow us to make

great strides toward this goal.”

CO2CRC CEO Dr Richard Aldous said he

was delighted to see CO2CRC’s plan for in-

vestment in national CCS research infra-

structure starting to come to fruition. “The

Commonwealth funding is important for

building new capability in CCS through a

network of field facilities, onshore and off-

shore monitoring systems and world class lab-

oratories,” Dr Aldous said.

“CCS is the only technology that can achieve

substantial cuts in emissions from industrial-

scale use of fossil fuels. So as the need for ac-

tion on climate change becomes more press-

ing, Australia must be ready to deploy CCS

technology.”

CCSNET primarily supports Victoria’s Car-

bonNet Project, which is funded under the

CCS Flagships program, although the facili-

ties are available for other Australian CCS

projects and, potentially, international collab-

orators. 

The CCS Flagships Program enables demon-

stration of large-scale integrated CCS proj-

ects in Australia, with the aim of widespread

deployment of the technology from 2020.
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Low cost carbon capture
slurry developed
www.epfl.ch
A new approach to carbon capture uses a
mixture of solid and liquid in solution
called a ‘slurry’.

Collaborating scientists from Ecole Polytech-

nique Fédérale de Lausanne (EPFL), UC

Berkley and Beijing have combined carbon-

capturing solids and liquids to develop a "slur-

ry" that offers the best of both worlds: as a liq-

uid it is relatively simple to implement on a

large scale, while it maintains the lower costs

and energy efficiency of a solid carbon-cap-

turing material. The breakthrough method is

published in Nature Communications.

The most common approach to carbon cap-

ture uses liquid amine solutions, which can ab-

sorb CO2 from the atmosphere. On a large

scale, the system uses two columns, one for

capturing CO2 and the other for releasing it

from the liquid, in a process referred to as "re-

generation". For amine solutions, regeneration

is the most energy-consuming part because

the CO2 is so strongly bound to the amine

molecules that it is necessary to actually boil

them in order to separate them.

An alternative to liquids is to use solid mate-

rials known as "metal-organic frameworks"

(MOFs). These are fine powders whose parti-

cles are made up of metal atoms that are con-

nected into a 3D structure with organic link-

ers. Their surface is covered with nano-size

pores that collect CO2 molecules. But despite

its lower cost, as this method involves trans-

porting solids it is very demanding in terms of

engineering. 

Berend Smit, Director of the Energy Center

at EPFL, explains: "Imagine trying to walk

with a plateful of baby powder. It's going to

go everywhere, and it's very difficult to con-

trol."

Working with scientists from Beijing and UC

Berkeley, Smit is a lead author on a break-

through carbon-capture innovation that uses

a mixture of solid and liquid in solution called

a "slurry". The solid part of the slurry is a

MOF called ZIF-8, which is suspended in a

2-methylimidazole glycol liquid mixture.

"Why a slurry?" says Smit. "Because in the

materials that are currently used for adsorp-

tion the pores are too large and the surround-

ing liquid would fill them, and not let them

capture CO2 molecules. So here we looked at

a material – ZIF-8 – whose pores are too small

for the glycol's molecules to fit, but big enough

for capturing the CO2 molecules from flue

gas."

ZIF-8 is a good material for carbon-captur-

ing slurries, because it displays excellent solu-

tion, chemical and thermal stability, which is

important for repeated regeneration cycles.

ZIF-8 crystals have narrow pores (3.4 Å in di-

ameter) that are smaller than the diameter of

glycol molecules (4.5 Å), preventing them

from entering. 

Even though other liquids were tested in the

design of the slurry, including ethanol, hexa-

ne, methylbenzene and tetrachloromethane,

their molecules are small enough to enter the

ZIF-8 pores and reduce its carbon capturing

efficiency. In this respect, glycerol has so far

been shown to be an ideal liquid.

The concept of the slurry comes from an idea

from one of Smit's former PhD students who

is now a professor in Beijing, and it could be

the key to large-scale implementation of car-

bon capture. "Pumping slurry is much easier

than transporting a pile of baby powder," says

Smit. "And we can use the same technologies

for heat integration as the liquid process."

Because it combines the low cost and efficien-

cy of nano-porous materials with the ease of a

liquid-based separation process, the slurry suc-

cessfully addresses these two main obstacles

to the implementation of carbon capture in

the real world. In addition, it shows exception-

ally good separation from CO2, meaning that

it doesn't require excessive amounts of energy

(e.g. boiling) in order to regenerate, which in-

creases its overall energy efficiency.

The slurry represents a new template for de-

veloping similar combinations in the future.

Following their successful proof-of-concept

work, the research teams are now planning to

test the ZIF-8/glycol slurry in the field.

The research is published by Liu H, Liu B,

Lin L-C, Chen G, Wu Y, Wang J, Gao X, Lv

Y, Pan Y, Zhang X, Zhang X, Yang L, Sun C,

Smit B, Wang W. A hybrid absorption–ad-

sorption method to efficiently capture carbon.

Nature Communications DOI:

10.1038/ncomms6147.

CO2 Solutions announces
testing program with EERC
www.undeerc.org
CO2 Solutions Inc. has signed an agree-
ment with the University of North Dako-
ta Energy & Environmental Research
Center (EERC).

With the Agreement, CO2 Solutions joins

EERC's program Advancing CO2 Capture

Capture and utilisation news

Scientists from EPFL, UC Berkeley and Beijing have developed a slurry-based process that can make
carbon capture more efficient. The slurry consists of a porous powder suspended in glycol. © 2014 EPFL
Jamani Caillet
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Technology: Partnership for CO2 Capture

(PCO2C) Phase III as a sponsor.

Under the program, CO2 Solutions will test

its technology at EERC's existing testing fa-

cility using natural gas and coal flue gas in

December, 2014. The program's goal is to

evaluate several CO2 capture technologies

that are among the most advanced systems

under development for application to power

and steam generation plants.

The tests will have approximately twice the

capacity of the Corporation`s largest testing

to date.  Data from the EERC program is ex-

pected to provide valuable input for the pilot

initiative to run with Husky Energy in 2015.

Additionally, it will provide additional per-

formance benchmarking of CO2 Solutions'

enzyme-accelerated process against other sol-

vent-based processes.

"We are excited to welcome CO2 Solutions

to the PCO2C program," said John Kay,

EERC Senior Research Manager. "We be-

lieve its enzymatic technology holds consid-

erable promise as a new, lower-cost approach

for carbon capture, utilisation and sequestra-

tion".

The testing program is supported financially

in part by the U.S. Department of Energy

(DOE). Certain results of CO2 Solutions'

testing will be made available to the program

consortia, which includes the DOE, other

leading CO2 capture technology providers,

major energy companies, and electric utilities.

FuelCell Energy project
moves to phase three 
www.fuelcellenergy.com
FuelCell Energy has received $1.2 million
to continue into phase three of the project.

The project focuses on using Direct Fuel-

Cell® (DFC®) technology to efficiently and

cost effectively separate carbon dioxide from

the emissions of coal-fired power plants. Af-

ter achieving the project design and financial

goals established for phases one and two, Fu-

elCell Energy will continue into phase three

of the project including the validation of the

CO2 capture process using a DFC fuel cell

stack.

The project is supported by funding from the

U.S. Department of Energy and is being im-

plemented by the National Energy Technol-

ogy Laboratory

"This project is making measurable progress

for providing an efficient and cost effective

carbon concentration and capture solution for

coal-fired power plants, which has compelling

market applicability," said Chip Bottone,

Chief Executive Officer at FuelCell Energy.

"This next phase of the project advances the

solution to demonstrate a commercial fuel cell

stack, which is a significant step towards com-

mercialization."

Analysis already undertaken illustrates that

the DFC CO2 capture systems have advan-

tages over existing commercial technologies,

due to their ability to capture CO2 from fos-

sil based power plants while also producing

additional power. The results have indicated

that the DFC carbon capture plants have the

potential of meeting the DOE's carbon cap-

ture cost goal of $40/ton for commercial ap-

plications.

The project began in late 2011 with funding

for the project being awarded in stages as

progress milestones are reached. The final

$1.2 million DOE award of the total $3 mil-

lion project is now authorized to further ad-

vance the carbon capture system. This fund-

ing authorization follows favorable results

achieved from the technology and economic

analysis conducted in the prior stages of re-

search and development. 

This third stage includes validation of the

DFC technology capabilities by using a fuel

cell stack to separate 90% of CO2 from a sim-

ulated coal gas plant exhaust. This test will be

the final stage of the validation for the tech-

nology before field trials using a DFC power

plant.

FuelCell Energy's DFC technology separates

and concentrates CO2 as a side reaction dur-

ing the power generation process. In this ap-

plication of the technology, the exhaust of a

coal fired plant is directed to the air intake of

a DFC power plant, which separates and con-

centrates the CO2 in the exhaust for com-

mercial use or sequestration. 

Another side reaction that occurs when the

fuel cell is used in this application is the de-

struction of 60 to 70 percent of smog-produc-

ing nitrogen oxide (NOx) emissions in coal

plant streams as the exhaust passes through

the fuel cell. This reduces the cost of NOx re-

moval equipment for coal-fired power plant

operators while benefiting the environment. 

Since DFC power plants produce power effi-

ciently and with virtually zero emissions, the

net result is a very attractive solution to pre-

vent the release of green-house gases by coal-

fired power plants while simultaneously in-

creasing the net efficiency and power output

of the plant. Additional benefits include re-

duction of the operating cost related to re-

moval of NOx and reduction in water usage

as existing carbon capture technologies are

water intensive. 

A FuelCell Energy installation - the company’s Direct FuelCell technology can be used to capture power
plant emissions while also producing additional power
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Sub-seabed CO2 leak experiment
shows minimal environmental impact
and rapid recovery
The world-first experiment on a controlled
sub-seabed CO2 leak showed minimal im-
pact on wildlife limited to a small area.

An international team of scientists have pub-

lished results of the first ever sub-sea carbon

dioxide impact, detection and monitoring ex-

periment relevant to Carbon dioxide Capture

and Storage (CCS) in sub-seabed storage

reservoirs in Nature Climate Change.

The study was designed to understand how

marine life on the seabed and in the water

above might react to a real-life leakage, as well

as determine methods for detection and mon-

itoring of a small-scale carbon dioxide (CO2)

leak event. The research found that, for a leak

of this scale, the environmental damage was

limited; restricted to a small area and with a

quick recovery of both the chemistry and bi-

ology.

The Quantifying and Monitoring Potential

Ecosystem Impacts of Geological Carbon

Storage (QICS) project was led by Plymouth

Marine Laboratory’s (PML) Jerry Blackford

and funded by the Research Councils UK, the

Natural Environment Research Council, the

Scottish and Japanese Governments. A num-

ber of UK and Japanese institutes collaborat-

ed with the experimental controlled release of

CO2 undertaken in Ardmucknish Bay, (near

Oban) Scotland in 2012; the experiment was

co-ordinated by the Scottish Association for

Marine Science (SAMS).

4.2 tonnes of CO2 (less than the annual CO2

emission of a gas-heated UK home*) was in-

jected over 37 days from a land-based lab via

a borehole drilled through rock to the release

site, 350 meters from the shore and 11 me-

ters below the seabed (see illustration below).

Scientists initially monitored how the CO2

moved through the sediment and the 12 me-

ters of water above. Over the following 12

months the impact on the chemistry and bi-

ology of the surrounding area was assessed us-

ing a combination of techniques, including

chemical sensors, listening for bubbles and

diver-mediated sampling.

A combination of chemical sensors and bub-

ble acoustic techniques are shown to provide

the optimal monitoring technology to detect

leakage or give assurance of no leakage.

The impact of this simulated leak shows that

the impact of escaped CO2 on a similar scale

would be limited. CO2-induced chemical

changes occurred towards the end of the CO2

release but impacts including changes to en-

vironmental chemistry returned to back-

ground levels within 17 days of turning off

the CO2 release.

No biological effect was observed during the

early stages of the release. At the end of the

release period and early in the recovery peri-

od, there was a change in seabed-dwelling

communities as well as the gene expression of

microbes. These impacts were not catastroph-

ic or long lasting and full recovery was seen

in weeks.

Project leader Jerry Blackford, at PML, said:

“These findings are contributing to the grow-

ing knowledge base necessary for optimal de-

ployment of CCS as a climate change miti-

gation measure; in particular for the regulato-

ry requirement for monitoring. The results

show that small-scale leakage will not be cat-

astrophic, although we do caution that im-

pacts are likely to increase if a larger amount

of CO2 is released. Water movement in the

area is also important; impacts are estimated

to be less and recovery quicker in environ-

ments with stronger water mixing so that the

CO2 is dispersed more rapidly.

This study did not address the integrity of

storage in reservoirs situated 1km or more be-

low the sea floor, but addressed the “what if ”

scenario of leakage at the seabed. Leakage of

CO2 from storage reservoirs is thought to be

unlikely.

Recommendations for CCS operators devel-

oping risk strategies are:

• CCS site selection should be below dynam-

ic bodies of water to promote dispersal of

CO2 in the unlikely event of leakage.

• A comprehensive baseline study, encompass-

ing sediment structure and content, sea water

chemistry, biological community structure

and ambient noise, is required to maximise

monitoring efficiency.

• A combination of chemical pH and bubble-

listening sensors will maximise early leakage

detection or alternately provide assurance that

leakage is not occurring.

The study looked at the impact of a small CO2 leak on marine wildlife and ways to detect and monitor
the gas that is released

More information
www.pml.ac.uk
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DNV GL releases
experimental data on CO2
pipeline design
www.dnvgl.com

DNV GL has made new data available
which will help make CO2 pipelines safer
and more efficient.

New data relating to the depressurisation of

CO2 pipelines is being made freely available

through the DNV GL-led

CO2PIPETRANS joint industry project.

This will help fill knowledge gaps associated

with the safe and reliable pipeline transport

of CO2 and result in cost efficiencies through

a significantly improved design basis for CO2

pipelines, said the company. 

Computer simulations of gas dispersion are

used to assess the consequences of an acci-

dental release from a pipeline. “Previously,

CO2 pipelines have been designed using un-

validated computer simulations of CO2 dis-

persion due to the lack of experimental data.

This uncertainty contributes to an unneces-

sary gold-plating of the pipelines," says Proj-

ect Manager Jock Brown, DNV GL – Oil &

Gas, speaking at the GHGT-12 conference

in Austin, Texas.

“This new data is one step in the right direc-

tion. It builds on the success of previous ex-

perimental data released by DNV GL and

can be used by the CCS industry and design-

ers to validate computer simulations used in

CO2pipeline design, thus optimising the de-

sign process,” he continues.

The datasets contain the results of depressuri-

sation tests on a CO2 pipeline collected at the

DNV GL Spadeadam test site in the UK as

part of the second phase of the

CO2PIPETRANS JIP started in 2011. The

data and other material supporting the use of

the data can be downloaded free of charge. 

In addition to making datasets for model val-

idation publicly available, the JIP also involves

work to improve the understanding of CO2

pipeline propagating cracks and corrosion

rates with various CO2 stream impurities.

“This project is one of around 30 joint indus-

try projects we run annually, bringing together

industry players in a neutral environment to

close technical knowledge gaps and fast track

innovation.  We have a strong track record of

industry collaboration on CCUS, for example

through the CO2RISKMAN.

The CO2PIPETRANS project

will drive the technology price

curve down and help speed up

the roll out of CCUS technolo-

gy,” says Elisabeth Tørstad,

CEO of DNV GL Oil & Gas.

The CO2PIPETRANS JIP

consists of 15 partner organisa-

tions: Arcelor Mittal, BP, DNV

GL, Endesa, ENI, E.ON

Ruhrgas, Gassco, Gassnova,

Health and Safety Executive

(HSE) UK, Maersk Oil,  Petro-

bras, Petroleum Safety Author-

ity (PSA) Norway, Shell, V&M

Deutschland, and Vattenfall. 

The DNV GL Recommended

Practice ‘DNV-RP-J202 De-

sign and Operation of CO2

Pipelines’ will be updated to re-

flect the new knowledge and

help ensure that the highest

safety standards are met when

transporting CO2. The data is

freely available on DNV GL’s

website.

Geoscience Australia testing
CO2 monitoring techniques 
www.ngl.org.au
A controlled release facility, hosted at the
CSIRO's Ginninderra Experimental Sta-
tion in north Canberra, is designed to sim-
ulate surface emissions of greenhouse gases.

The facility is jointly run by the Cooperative

Research Centre for Greenhouse Gas Tech-

nologies (CO2CRC) and partner agency

Geoscience Australia and is one of only a few

similar facilities around the world. The work

at the Ginninderra facility complements the

monitoring work being undertaken by the

CO2CRC and Geoscience Australia at the

Otway Project in Victoria.

The measurement of known releases of

greenhouse gases in the field using a con-

trolled release facility is the most effective ap-

proach for assessing the effectiveness of mon-

itoring techniques, said Geoscience Australia.

Project Leader Dr Andrew Feitz said one of

the key challenges is to develop technology

for detection of small-scale leak features over

a wide area.

"This project has seen development of world

leading research into the use of mobile sensor

and remote sensing technology at the site,"

Dr Feitz explained.

The project facility was designed and devel-

oped under a joint venture between the

CO2CRC and Geoscience Australia to eval-

uate the effectiveness of different near surface

monitoring techniques for detecting and

quantifying leaks against a known CO2

source.

The research conducted at the facility has

been a highly interdisciplinary collaborative

project with a range of national and interna-

tional partner organisations. The research

team has come from a broad range of scien-

tific disciplines, including atmospheric sci-

ence, geochemistry, plant biology and engi-

neering.

The mix of different disciplines has provided

insight into the behaviour of a controlled re-

leased CO2 plume in the near surface, the ef-

fectiveness of different monitoring approach-

es, and identified the key challenges for mon-

itoring at geological sites now and into the

future.

Transport and storage news

CO2CRC and Geoscience Australia are testing CO2 monitoring

techniques at the Ginninderra facility
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Some of the key results from the monitoring

experiments conducted at the Ginninderra

Experimental Station will be presented at the

upcoming Greenhouse Gas Technologies

Conference in Austin, Texas in early October.

$5 million ensures
continuation of Otway Project 
www.co2crc.com.au
The Cooperative Research Centre for
Greenhouse Gas Technologies
(CO2CRC) has welcomed the announce-
ment by Victoria’s Ministry for Energy and
Resources of an additional $5 million for
research in CO2 storage at the Otway site.

CO2CRC CEO Dr Richard Aldous today

said the announcement, which followed a

highly instructive examination of the interna-

tional progress of carbon capture and storage

(CCS) at Australia’s biennial National CCS

Conference last week, showed the Victorian

Government recognises the important role

the technology has to play in tackling climate

change.

Dr Aldous said the CO2CRC Otway Project

had clearly shown that CO2 storage was a

safe credible long-term option for mitigating

emissions that would otherwise be released

into the atmosphere and contribute to further

damaging climate change.

In fact, CCS is currently the only available

method of making significant cuts to emis-

sions from fossil fuel-powered energy gener-

ation and large industrial processes, such as

refining oil or producing iron, steel, cement

and ammonia.

“Otway offers one of the most comprehensive

CO2 monitoring programs of its type in the

world, providing technical information on

geosequestration processes, technologies and

monitoring, as well as verification schemes,”

he said.

“Appropriate government policy, including

funding initiatives and other enabling mech-

anisms, is fundamental to the successful de-

velopment, demonstration and deployment of

new technologies. “The Victorian Govern-

ment’s additional funding means that new ex-

periments will proceed at Otway.”

UW wins DOE grant for
further study of Rock
Springs Uplift
www.uwyo.edu
A new grant from the U.S. Department of
Energy will allow an interdisciplinary team
of University of Wyoming scientists to fur-
ther study how injecting CO2 into the
Rock Springs Uplift would affect under-
ground conditions.

The $1.1 million grant, which takes effect

Oct. 1, will help fund a three-year research

project to predict changes in the subsurface

during and after injection of CO2. Research

has shown that two deep saline aquifers in

Sweetwater County’s Rock Springs Uplift

could store 26 billion tons of CO2 over 50

years as part of a future carbon capture and

storage operation.

“The goal of this research is to improve our

understanding of the geomechanical effect of

CO2 injection on two types of reservoir rocks,

sandstone and limestone/dolomite,” says John

Kaszuba, associate professor in UW’s Depart-

ment of Geology and Geophysics and the

School of Energy Resources (SER). “The

ability to predict geomechanical behavior in

response to CO2 injection, if successful, could

increase the accuracy of subsurface models

that predict the integrity of the storage reser-

voir.”

UW researchers in 2009 began a study of the

Rock Springs Uplift, with funding from the

Department of Energy and the state of

Wyoming, to determine its potential for stor-

ing CO2. 

UW’s Carbon Management Institute, one of

SER’s centers of excellence, led the effort,

which included the drilling of a 14,000-foot

test well. The project resulted in a thorough

characterization of the Rock Springs Uplift

as a potential commercial-level geological

CO2 storage site.

“The new research will build upon the strong

foundation of studies that have been complet-

ed on the Rock Springs Uplift, such as field

work and subsurface characterization of lithol-

ogy, structure, mechanical stratigraphy, frac-

ture systems and in situ stress,” Kaszuba says.

The research also could provide insights for

the oil and gas industry, which uses CO2 in-

jection to enhance the recovery of oil and gas.
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CCS in Australia
CarbonNet full-chain CCS
hub project

Updates from Otway and
Callide projects

Funding for the CCS
Flagships Program

Making CCS Investable in the Netherlands
Rotterdam World Trade Center - 23rd Floor 
November 12, 2014
Places still available - register now!

Register now for the inaugural CCJ Dutch CCS Forum, looking at the toughest challenges which
sit between where we are now and having an investor financed, growing CCS industry. 

- Session 1: Developing a CO2 EOR industry which can contribute to the costs of CCS
- Session 2: Maintaining public, investor and political confidence in CCS
- Session 3: Carbon tax, subsidy or something else? Getting the right government financial /

regulatory structure 

www.carboncapturejournal.com
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TriGen delivers full carbon capture with commerciali�

�e TriGen™ Oxycombustion Process by Maersk Oil
Clean power for over 100,000 homes while boosting oil recovery

Pure water
0.5 MGD

Net electric power
200 MWe

Maximize  
oil recovery
7000 bbl/d

TriGen produces clean energy, pure water and ‘reservoir ready’ CO
2
 by burning natural 

gas with pure oxygen. �e oxygen is first obtained from an Air Separation Unit (ASU) 
that also produces significant quantities of nitrogen that can be used for fertilizer or 
reservoir pressure maintenance.

As all of the TriGen products are useful, it enables zero emission energy from fossil fuels. Maersk Oil is 
working on developing commercial scale power projects that enable CO

2
 EOR projects and is available to 

discuss potential collaboration opportunities globally. A single train TriGen plant can deliver:

•  Up to 200 MW clean electrici� net

•  500,000 gallons/day pure water

•   Up to 45 mmscfd ‘reservoir ready’ CO
2
 which can then produce  

ca. 7000 bbls/d incremental oil via Enhanced Oil Recovery (EOR)
 
Explore more at maerskoil.com and maerskoiltrigen.com
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