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The materials issues associated with carbon capture, transport and storage were addresses at a recent seminar held in UK which
concluded that CO2 is far from a benign material, particularly if impurities are present, but important issues of corrosion and
accelerated crack propagation in pipelines need to be addressed.

ble scenarios in onshore and offshore: 
– Depleted oil & gas fields;
– Saline formations; and when used for
– Enhanced Oil Recovery (EOR).

CCS is applicable to the Power, Steel,
Chemicals, Cement, Oil Refining and Oil &
Gas Production sectors and is the only low-car-
bon solution for iron & steel, coal and cement
sectors. Longer term solutions are decarbonis-
ing electricity and the Hydrogen Economy.

Global anthropogenic CO2 emissions from
industry and power generation currently pro-
duces around 30Gt CO2 a year (Fig 1). At the
present rate of growth this would reach 62Gt by
2050 whereas the target to restrict global warm-
ing to 2ºC by this date is to reduce the current
level to 16Gt by 2050 (Fig 2). There are only 18
CCS projects at the planning stage or in opera-
tion (4) to 2015, mainly in OECD countries
(72%). To meet the goal of reducing emissions
by half by 2050 it will require 100 projects by
2020 requiring an additional $42bn of invest-
ment, half in OECD countries and half in
developing nations. This figure would need to
rise to 3400 by 2050, of which the majority
(65%) need to be in non-OECD countries (Fig
3). The total investment will need to grow to
US$2000bn by 2050 of which two-thirds will
need to be from non-OECD countries (Fig 4).

Presently there are just four CCS projects
under way:
– Sleipner (Statoil Norway N Sea): 1Mt/y CO2

stored since 1996;
– Snøhvit (Statoil Norway N Sea): 700kt/y 

CO2 stored since 2008;
– In Salah (BP Algeria): 1Mt/y CO2 stored 

since 2004; and 
– Weyburn-Midale (Canada): 3Mt/y CO2

stored per year since 2000.
The first three return CO2 separated from

natural gas, only the Canadian project uses
industrial generated gas for EOR.

Achieving IEA recommendations requires a
significant scaling up in global ambitions. 

All components for CCS have been proven
separately in other industries but there is a need
to integrate at scale.

Challenges to materials arise from:
– High temperature combustion (oxyfuel);

Opportunities in Carbon Capture & Storage

– Gas turbines (hydrogen);
– Pipelines;
– Ships; and 
– Injection wells and downhole technology. 

Dr Kumar Patchigolla of the Energy
Technology Centre at Cranfield University
looked at the implication on materials of low
carbon fossil fuel power generation using bio-
mass co-firing, as well as on aspects of CO2
capture technologies and CO2 transport.

Biomass materials include energy crops such
as coppiced willow and miscanthus (a tropical/
sub-tropical grass); waste biomass such as straw,
wood waste and forestry residues and world
traded biomass eg palm nut/olive/almond
residues, pelletised wood, cereal co-product
(CCP). The challenges for materials posed by
these fuels are fuel variability – CV, moisture,
etc; contaminants – S, Cl, trace metals, etc and
fouling & corrosion of superheaters. Co-firing
with fossil fuels reduces these risks.

Already, co-firing is used in most UK coal
fired generating plants but corrosion of super-
heater tubes has proved a problem. Research
was on-going to reduce the problem and sur-
face coatings have been one successful
approach.

On post combustion capture, chemical sol-
vents which are weakly basic such as
Monoethanolamine (MEA) are commonly used
in scrubbers using technology originally devel-
oped to remove CO2 from natural gas. The
amine solution operates in a closed circuit
being regenerated by heating to strip the CO2
from it for collection. Strong bases such as sodi-
um hydroxide could not readily be stripped in
this way. However this method is energy inten-
sive, fitting such a scrubber to a super critical
coal fired power station, for example, reduces
its efficiency by 9% from 47% to 38%.

Scrubbing with MEA is also less suitable for
oxidising flue gases which degrade the solvent
which has to be periodically bled off and dis-
posed of. Also SOx and NO2 which are also
removed need to be below 10ppm and 20ppm
respectively. Improved more efficient solvents
are being sought as well as improved inhibitors
to prevent degradation of MEA and more ener-
gy efficient stripping.

ORGANISED by the Special Metals Forum of
UK’s National Metals Technology Centre
(Namtec) a one day seminar was held at the
Harrogate International Centre in UK to
review the implications for material selection of
the storage and transport of CO2 at pressure.
Ten papers were presented covering power gen-
eration, CO2 capture, infrastructure to trans-
port CO2 and geological storage.

65 delegates attended the event on 25 May,
which also included a small exhibition.

Jeff Chapman CEO of the Carbon Capture
& Storage Association (www.ccsassociation.org)
provided an overview of the current state of cli-
mate change negotiations providing arguments
for the inclusion of CCS as part of the solution.
He pointed out that CCS Association was
formed in 2006 to promote geological storage
of CO2 to the UK government and EU author-
ities, but was not a technical forum or climate
campaigning group. It has 82 member compa-
nies including power generators, oil companies,
technology suppliers, mining companies and
material suppliers, including Corus.

The concentration of CO2 in the atmosphere
presently averages 386ppm and is rising at
2ppm a year. The proposed upper limit to avoid
not more than a 2ºC rise in the average global
temperature was estimated at 450ppm, a figure
which would be reached in 2042 at the current
rate of growth.

Five ways of reducing emissions have been
identified, all of which need to be implement-
ed, he said. These are:
– Greater energy efficiency;
– Power generation from renewables;
– Nuclear power;
– Forestry to absorb CO2; and
– CO2 Capture and storage.

CCS is essential to tackling climate change,
according to the Paris based International
Energy Agency (IEA) World Energy Outlook
report of 2008.

The IEA has concluded that it is not possible
to halve CO2 emissions by 2050 without the
use of CCS. Attempting to address emissions
without CCS raises costs by over 70%
(US$1.28 trillion in 2050).

For geological storage, there are three possi-

Fig 1 World anthropogenic greenhouse-gas emissions by source
Source World Energy Outlook © OECD/IEA, 2008

Fig 2 Scenarios for growth of industrial and power generated CO2
emissions to 2050  Source IEA Technology Roadmap CCS 2009
www.iea.org/publications/free_new_Desc.asp?PU BS_ID=2145
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life in some technology variants remain prob-
lems;

– H2-enriched syngas leads to gas turbine com-
bustion issues, so current IGCC gas turbines
are significantly downrated;

– System reliability will need to meet power 
plant standards with cost penalties for CO2 
release;

– CO2 generated should be very pure so lower-
ing risk of downstream transport problems.
In UK, extensive research is ongoing into

gasifier syngas cooler materials and remedial
measures identified. Also the impact of H2-
enriched syngas on gas turbine materials is
being studied in depth.

Oxy-fuel combustion is a third option which
offers a lower volume of flue gas to treat and a
higher concentration of CO2 (>80%).

Material issues depend on the purity of oxy-
gen, the location of the flue gas recycle take-off
point which may be before or after any flue gas
cleaning. After particle removal and flue gas
desulphurisation material problems are less
acute. Further gas clean-up is required before
recycling to recover remaining combustion gases.

Advantages are that combustors could be
fairly conventional using compact boilers with
lower quantities of flue gas recycled. The for-
mation of NOx is also greatly reduced.

Disadvantages are the need to recycle large
quantities of flue gas (except for fluid bed com-
bustion) and the additional cost of oxygen pro-
duction which may be reduced by the use of
oxygen separation membranes with lower ener-
gy consumptions. Oxy-fuel is at the pilot plant
scale at present. Also, for natural gas fired sys-
tems, new gas turbines designs are needed.

Materials Challenges are that for coal sys-
tems, boiler corrosion could be a problem.
System reliability will need to meet power plant
standards as there will be cost penalties for
CO2 release, and the CO2 generated is highly
contaminated leading to a risk of downstream
transport problems.

Transport of CO2
In USA, 3500km of pipelines transporting
45Mt/y of naturally occurring CO2 are in oper-
ation for enhanced oil field extraction (EOR).
Thus the technology is technically proven
(although different steel grades to those used
for natural gas transport on land are required).
The IEA in their Technology Roadmap for 2009
predict that US$15bn needs to be invested by
2020 in pipelines for CO2 transport, half of
which will be in North America and Europe.

Ships, barges and road tankers offer alterna-
tives to pipelines. Small volumes of CO2 are
already carried by ships but this is likely only to

be used for long distance transport.
Materials challenges need to address impure

CO2 streams which could lead to handling and
materials problems. Deposition (of hydrates)
and corrosion of compressor parts and
pipelines can result. Pitting corrosion and stress
corrosion cracking can lead to fracture and a
major CO2 release.

Shipping options present different challenges
to pipelines transporting the CO2 in the liquid
phase.

The issue of transport by pipeline was
addressed in greater detail by Dr Julia Race, of
the School of Marine Science and Technology,
Newcastle University. Dr Race said there was a
misconception that CO2 was relatively benign.
While the steel grades used for the existing sub-
sea infrastructure of natural gas pipelines could
safely be used to transport CO2 to depleted off-
shore fields this is not the case for land
pipelines as the presence of CO2 accelerates
the speed of crack propagation to the point
where the steel suffers brittle fracture and cata-
strophic failure of the pipe. Crack arrestors at
regular intervals are one approach to arresting
failure but the UK HSE were unlikely to permit
this method since a release of CO2 would have
occurred which could result in asphyxiation.
Thus the Charpy impact value required for pipe
to convey CO2 could be as high as 150J at 0ºC.

Corrosion is also a problem resulting from
impurities present in flue gas captured CO2,
particularly in pre-combustion capture.
Impurities also increase the solubility of CO2 in
water increasing its acidity. In addition, impuri-
ties modify the CO2 phase diagram away from
the gas-liquid-solid triple point (-55ºC at 5 bar)
which can result in two phase flow in the pipe.
Finally, impurities can also affect the decom-
pression characteristics necessary to drive the
gas into the geological storage structure. 

For carbon steels exposed to water containing
dissolved CO2 corrosion rates as high as 10mm
a year have been observed. Accelerated corro-
sion in the presence of CO and H2S is not well
understood. To avoid corrosion, the CO2 needs
to be cleaned and dried to below 60% relative
humidity, but this is costly, although practiced in
the USA. The use of 13%Cr or duplex high alloy
steels prevents corrosion but this is prohibitively
expensive. Inhibitor films can be used on C-
steel pipes but there is little data on this and the
presence of H2S could rupture the film.�
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The material implications for capture are that
the system reliability will need to meet power
plant standards as there would be cost penalties
for CO2 releases should the capture plant be
down. Also the absorber and regenerator envi-
ronments are outside most existing experience,
so unexpected problems could arise. In addition,
the CO2 recovered should be reasonably pure so
lowering risk of corrosion during downstream
transport. Pilot-scale facilities have been built in
UK and are being operated by UK industry but
further long term research was needed although
there was already a good knowledge of handling
corrosion in energy systems.

Pre-combustion capture was an alternative
approach involving gasification of coal to pro-
duce a H2 enriched gas (syngas) from which
CO2 had been removed. The syngas is pro-
duced by reacting steam and oxygen with coal
at elevated temperature and an integrated gasi-
fication combined cycle power plant (IGCC)
for power generation. In such a plant a gas tur-
bine-generator burns the syngas while heat
from the gasification and the exhaust heat from
the gas turbine are used to create steam for
additional power generation in a steam turbine.
Such a plant emits 20% less CO2 than a con-
ventional coal fired power plant and its efficien-
cy is 42% with efficiencies as high as 60%
expected in the near future using high efficien-
cy turbines and some additional process
improvements. The CO2 can be captured from
an IGCC plant much more easily that from a
conventional coal fired plant at an additional
cost increase of 25-30% for capture and seques-
tration, (without transportation charges).

Few such plants are currently in operation.
The turbine entry temperature is lower than for
a natural gas fired turbine and the syngas has a
lower calorific value than NG requiring a
greater mass flow of gas through the turbine. 

The advantages of such pre-combustion cap-
ture were that it produces a smaller volume of
gas for treatment; the gas has a higher CO2
concentration (15-40%) than for post combus-
tion capture and there is less need for selective
gas separation techniques so requiring less
energy to operate. The system also operates at a
higher pressure (15-40 bar) which saves energy
on pressurisation for subsequent transport,
equipment is more compact and capital costs
are lower. 

Disadvantages are the need for complex fuel
processing; partial oxidation; a shift to the con-
version of fuel gas to H2 and CO2 and a lack of
suitable high efficiency gas turbines to use syngas.

Material challenges for pre-combustion cap-
ture are:
– Corrosion of syngas coolers and refractory 

Fig 4 Total CCS investment 2010-50 by region
(US$bn) Source IEA Technology Roadmap: Carbon

Capture and Storage © OECD/IEA, 2009

Fig 3 CCS projects required to 2050 to reduce emissions to half of
1990 levels 
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