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All hope of achieving the Paris Agreement of 
2015 – according to the various scenarios 
mapped by the International Energy Agency 
among others – depends to a large extent 

on the presence of a global thriving carbon capture and 
storage (CCS) industry.

Oil and gas will remain the lynchpin of most of the 
world’s economies for decades to come. There is 
therefore no doubt about the importance of the role 
that CCS will have to play in the energy transition. A net-
zero emission economy implies CO2 will continue to be 
produced, but that none will be allowed to find its way 
into the atmosphere. 

The future of strategically important, energy-intensive 
industries such as steelmaking, concrete and fertiliser 
production will require CCS, either as part of the blue 
hydrogen production process or as an alternative to 
paying the rising price of emissions allowances. 

For these and other reasons, CCS is a part of the 
UK’s commitment to net zero too.  And unlike some 
of its neighbours, the country has the geology, the 
infrastructure and the supply chain to enable it. 

While commercial third-party CCS is only theoretical 
in the UK, there are several decarbonisation projects 
moving forward that will depend on it within a few years. 
But experts at materials and corrosion consultancy OGC 
Energy warn of a potentially catastrophic knowledge gap 
in our understanding of CCS: the risk posed by impurities 
in the gas. Too small sometimes to measure, they are still 
liable to form corrosive compounds when in the dense 
phase of transport. 

The enemy inside the pipe
The team says that the oil and gas industry must change 
its mindset, in order to protect pipelines used for carbon 
capture. Localised corrosion cannot be mitigated by a 
corrosion allowance and regular inspections, which is 
the industry’s conventional approach, OGC Energy told 
OEUK. The industry assumes a gradual, measurable 
degradation in the carbon steel over a few decades, 
whereas the damage done by corrosive acids can be 
rapid, catastrophic and unpredictable. 

Pitting can reach corrosion rates as high as 2 mm/

year when highly acidic aqueous phases are present. 
Solid formation from impurities such as ammonia could 
lead to carbamate, salt and other damaging substances 
building up in the pipeline, further affecting the long-
term integrity of pipelines and equipment. 

Academic research shows that aqueous phases 
containing sulphuric and nitric acid can form when SOx 
and NOx are present, leading to highly dangerous events 
of localised corrosion. This is a major threat to third-party 
carbon transport, whose exact chemical composition 
is likely to be highly variable. The UK government, in its 
business models, recognises that the cheapest pipeline 
material, carbon steel, is the only affordable one, but it 
is vulnerable to corrosion. That is one unalterable fact: 
funds for new transportation materials are limited.

Another unalterable fact is that CCS project operators 
are unlikely to have the luxury of cherry-picking their 
clients. A large number of different industrial emitters at 
a given site will be needed in the initial stages to provide 

At the dawn of the carbon capture and storage era, OGC Energy 
is researching the risk to infrastructure posed by impurities in the CO2 stream.

 Its researchers have come up with a pragmatic solution. 

Finding a quality standard  
for C02 in pipelines

"OGC Energy 
hopes that the 
ongoing efforts to 
decarbonise vital 
industry using 
carbon capture 
continues, and that 
its work enables 
greater adoption of 
the technology." 
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(Left to right):  Dr Kyra Sedransk Campbell (Royal Society and EPSRC Dorothy Hodgkin Research Fellow at the 
University of Sheffield); Brad Healey (process engineer); Mark McLeod (mechanical engineer); Dr Ivan Gutierrez (CEO 
and founder of OGC Energy); Epameinondas Skountzos (research assistant at the University of Sheffield); and Matthew 
Kitchen (research assistant at Materials and Engineering Research Institute).

sufficient CO2 to make a CCS project viable and so open 
up the market. Some industrial processes inevitably 
produce some of these toxic or potentially corrosion-
inducing substances in their waste gas streams – even 
seemingly innocuous substances such as the amino acids 
found in multivitamin supplements. 

Counting the cost
Depending on the composition of the aggregated waste 
gas, the break-even cost of purifying will vary from site 
to site, OGC Energy notes. But the emitters need an 
incentive to invest in removing the impurities. At the 
moment, the carbon emissions allowances, although on 
an upward price trajectory, are too cheap, being only £75/
tonne at time of press. 

Another obstacle is that industry cannot rely on 
sufficient quantities of acceptable CO2 to lower the 
concentration of harmful impurities in the export pipeline, 
as the operating periods of the different emitters cannot 
be synchronised. Some of them work round the clock, 
while others, such as gas-fired power plants, turn on and 
off to compensate for renewable energy production 
variations. 

So if there is no economic way to limit the input of 
acids or to strengthen the pipeline, what remains are 
regulatory levers, such as a widening of the tolerances for 

"As energy 
engineers, it is 
vital we all play 
our part to reduce 
the climate impact 
of our industry 
and continue to 
innovate and solve 
the problems 
facing the energy 
transition." 
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impurities. This is the domain of the offshore regulator 
North Sea Transition Authority (NSTA) and the onshore 
Health & Safety Executive. But with regard to pipeline 
integrity, there are only guidelines, not regulations. It will 
be up to the NSTA to make the operators responsible for 
identifying any risk to pipelines and the best practice, says 
OGC Energy. 

OGC Energy hopes to foster more confidence in 
engineering solutions used for CCS. But it also hopes that 
prohibitive impurity limits, almost impossible to monitor, 
are relaxed. This will result in more industries seeing 
carbon capture as a viable solution to reducing their 
emissions. Using its links to the ISO work groups, OGC 
Energy hopes this work can help bolster efforts to create 
a meaningful carbon capture pipeline standard, reducing 
uncertainty and reassuring health and safety authorities 
that pipeline integrity is managed effectively.

Acid test: DECIDE
OGC Energy envisaged DECIDE – DEfine CO2 Impurities: 
Decrease Emissions – as a way to address the corrosion 
concerns in the industry. Taking the form of a lab-based 
experimental study, DECIDE has designed a novel flow 
apparatus and design of experiments, supported by two 
UK universities: Sheffield and Sheffield Hallam University. 
A fractional factorial design focusing on key impurities 
such as NOx, SOx, H2O and O2 will form the initial 
experiments, with flexibility in the system allowing for 
specific impurity mixes to be tested in later experiments. 
The flow apparatus will monitor the flow and give detailed 
information to the researchers for analytical study.

Using this data, OGC Energy expects to produce a list 
of “red-card” impurities: those which have an excessive 
effect on the behaviour of corrosive activity in pipelines. 
One example of this may be NOx which has a severe 
oxidising effect, driving the production of harmful acids. 

The purpose of the project is to identify these impurities 
and their limits as well as allow for the relaxation of limits 
for those impurities which will not cause catastrophic 
corrosion events. Alongside this, a greater understanding 
of corrosive events taking place could allow for relaxation 
of material requirements and increase confidence when 
repurposing pipelines for carbon capture.

Current understanding may lead the reader to ask 
why the gas cannot be dehydrated: dry carbon dioxide 
is benign in pipelines. But research performed below 
the water saturation point of CO2 still shows corrosion 
taking place, and the carry-over of certain impurities may 
lead to greater likelihood of aqueous phase formation. 

This research work is also necessary because of the 
wide range of impurities expected from different emitters 
and industries where carbon capture is essential; or the 
chances that off-specification gas will enter into the 

OGC ties up with Gas Liquids Engineering

OGC Energy has allied with Gas Liquids 
Engineering (GLE),  an industry leader in the 
area of CO2 processing and sequestration. In 
a September 16 statement they said the direct 
connection between GLE's expertise in process 
modelling of CCS systems, and OGC Energy’s 
unrivalled experience in the assessment of 
corrosion risks associated with CCS projects, 
will provide the industry with integrated, expert 
solutions to carbon capture challenges. 
CCS projects need to manage complex 
engineering risks in order to broaden their 
processing capabilities, provide cost-effective 
solutions such as repurposing of old pipelines, as 
well as meet strict regulatory requirements.
OGC Energy’s CEO Ivan Gutierrez said that 
combining their collective 60-odd years’ 
experience would “fill the global existing gap by 
offering a full package of engineering services 
relating to CCUS projects requirements.... We 
have proven our companies' capabilities to the 
industry and our eagerness to undertake unique 
projects and this alliance is the key for us to 
explore new opportunities.”
GLE CEO Stuart MacKenzie said that CCUS 
systems typically contain water, CO2, and flue gas 
contaminants having unique thermodynamics 
and special corrosion considerations, for which 
"we have a combined body of knowledge that 
will reduce system costs, and improve systems 
operations and longevity.”

system during upsets. By having a system available to test 
the effect of impurity mixes, operators and emitters alike 
can feel confident in the integrity of their assets.

International collaboration
OGC Energy has approached this project with 
collaboration at the forefront, speaking with researchers 
in Sheffield, Leeds, and Norway. Reaching out to industry 
leaders across the North Sea, Europe and Canada, they 
aim to continue this collaboration. 

It is also working on producing a standard with the 
International Association of Oil & Gas Producers, who, 
by virtue of its members' expertise and reach, can work 
collaboratively with transmission system operators and 
governments.

Academic researchers and industry project leaders 
will play a major role ensuring the flow apparatus is 
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constructed, calibrated, and validated to a high standard, 
keeping experimental results repeatable and meeting 
scientifically rigorous standards. OGC Energy is also 
reaching out to organisations which would have space 
suitable to house the experimental set-up in the long 
term, allowing experiments to continue uninterrupted 
and continue to serve CCS operators long after the initial 
experiments finish.

Global efforts to reduce climate change are underway, 
and work needs to continue if we are to meet targets, 
OGC Energy says. It hopes that the ongoing efforts 
to decarbonise vital industry using carbon capture 
continues, and that its work enables greater adoption of 
the technology. “As energy engineers, it is vital we all play 
our part to reduce the climate impact of our industry and 
continue to innovate and solve the problems facing the 
energy transition,” it says.

"Solid formation 
from impurities 
such as ammonia 
could lead to 
carbamate, salt and 
other damaging 
substances 
building up in the 
pipeline, further 
affecting the long-
term integrity 
of pipelines and 
equipment." 

OGC Energy is a technical authority on 
corrosion and material selection for sour 
service, founded in 2014 by Ivan Gutierrez 
to give simple and straightforward materials 
advice to the energy industry. Questions about 
DECIDE can be directed to Mark McLeod:  
 
mark.m@ogcenergy.com

The OGC team at work.


