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Questions for you to answer

1. What is the Net Zero Emissions target?

3. What are the top three important challenges that must be overcome 
to ensure the successful rollout of CCUS?

2. Name the three largest CO2 emitting industrial sectors in the world.

4. Name four major impacts of global warming if it is not mitigated.

5. What are Negative Emissions Technologies (NETs) and why are they needed?

6. What is the estimated percentage of the total CO2 emissions from industrial 
emission sources and fossil fuel power plants that can be captured using 
currently available CCUS technology?
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Global average temperature change

• The last time the earth was as warm as today was over 125,000 years ago.

• Current warming is caused by increase in atmospheric CO2 concentration 
driven by human activity of fossil-fuel use. 

Source: Hawkins, Ed (January 30, 2020). "2019 years". climate-lab-book.ac.uk
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CO2 emissions by fuel type, World 
Annual carbon dioxide (CO2) emissions from different fuel types, measured in tonnes per year
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Global fossil fuel CO2 emissions by sector

Electricity
42%

Buildings
9%

Industry
24%

Transport
25%

Breakdown of 35 Gigatonnes of CO2 emitted from fossil fuel combustion in 2018:

Data: International Energy Agency, 2021.



C4U

Why should we be concerned?  

The effects of global 
warming

• Biodiversity Loss
• Sea level rise
• Wildfires
• Water shortage
• Crop failure
• Extreme weather

Consequences

• Hundreds of millions of people displaced
• Increased disease transmission
• Increased risk of wars and conflicts
• Impacts on human rights
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What can we do about it?
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The Paris Climate Agreement 

The internationally agreed climate agreement
reached by 195 nations at the Paris Climate
Conference in 2015 is intended to limit the
increase in global average temperatures to
‘well below’ 2°C above pre-industrial levels.

This has been followed by the EU’s target for
net-zero emissions by 2050 in order to avoid
irreversible climate change.

Net zero emissions refers to the overall
balance of Greenhouse Gas Emissions (GHG)
produced and GHG emissions taken out of
the atmosphere.
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Greenhouse gas emissions and warming scenarios

Climate change mitigation
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‘Menu’ of industrial decarbonisation options for substantial 
CO2 emission reduction

Source: https://energyindustryreview.com/environment/decarbonisation-the-challenges-of-the-great-transition/



C4U

Three distinct phases of CCS:

Carbon Capture and Storage 
(CCS)

CCS definition:

A collection of technologies that capture the CO2 emitted by 
fossil-fuel power plants and other industrial processes and 
stores it in underground geological formations

Capture of CO2

from the industrial 
process

1. 2.

Transport of CO2

to geological 
storage site

3.

Injection of CO2

deep underground
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Carbon Capture and Storage 
(CCS)

CCS technology can capture up to 90% of CO2 released 
by burning fossil fuels in electricity generation and 
industrial processes such as cement and steel 
production. 

Without CCS it will be near impossible to reach the CO2

emission reduction targets fast enough to avoid 
irreversible environmental catastrophe.
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Three main technology concepts for CO2 capture

Post-combustion capture

Pre-combustion capture

Oxyfuel-combustion capture
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Post-combustion capture

Air-combustionFuel:
Coal,

Biomass,
Natural Gas

Power 
and heat

CO2

Removal

N2, O2

Flue gas

5-15% CO2

CO2

Air (N2, O2)

Technology options:

• Solvent based system using amine solution

• Solid sorbent looping system using CaO

• Membrane module system for gas separation
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Flue gas
5-15% CO2

Amine-based post-combustion 
CO2 capture process step

CO2 absorption 
unit

(40-60 °C)

CO2 free 
gas

CO2 rich 
solvent

CO2 stripper 
unit

(100-150 °C)

Pure CO2

CO2 lean 
solvent
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Pre-combustion capture

Power 
and heat

H2

N2Air separationAir

Gasification CO2

removal

Syngas

20-40% CO2
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Biomass,

O2

CO2
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Oxyfuel combustion capture

Power 
and heat

N2Air separationAir

CO2

clean-up

Fuel:
Coal,

Biomass,

O2

Oxy-combustion

Recycle (CO2, H2O)

CO2
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CO2 transport to geological storage site

Two main options for large-scale CO2 transportation:

Onshore and/or offshore CO2 pipeline CO2 shipping (offshore)

Gas-phase: up to 35 bar, 5 to 40 °C

Dense-phase: 85 to 150 bar, 12 to 44 °C

Liquid-phase: 6 to 30 bar, -50 to -20 °C
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Overview of geological storage options for CO2

1  Depleted oil and gas reservoir

2  Use of CO2 in enhanced oil recovery

3  Deep unused saline water-saturated reservoir rocks

4  Deep unmineable coal seams

5  Use of CO2 in enhanced coal bed methane recovery

6  Other suggested options (basalts, oil shales, cavities)

Produced oil or gas

Injected CO2

Stored CO2

1

3
2

4 5
6

Source: IPCC Panel Report, 2005
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Geological storage depth

Source: Bellona.org
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CO2 trapping mechanisms in geological storage

a) Structural trapping b) Residual trapping

c) Solubility trapping d) Mineral trapping

Source: Zhao et al, Journal of the Energy Institute 87 (2014) 297e305
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Negative Emissions Technologies (NETs)

NETs definition:

A collection of technologies that remove 
greenhouse gases – usually carbon dioxide 
– from the atmosphere and they are 
needed to prevent the worst effects of 
climate change

Source: Carbon Engineering 

Artist’s impression of direct air capture system
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Negative Emissions Technologies (NETs)

Direct Air Carbon Capture and Storage (DACCS)

Bio-Energy with Carbon 

Capture and Storage (BECCS)
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What are the CCS challenges to make it a success?

• Reducing cost: Capturing CO2 requires energy (increases
electricity bills); Transporting it requires the construction of long
pipelines

• Improving safety: Although harmless, under atmospheric
conditions, CO2 at high concertation (>10%v/v) is an asphyxiant

• Societal acceptability: Public support is essential 

Over the past decade, UCL Chemical Engineering has been at the
forefront of CCS research addressing the above issues. This has
been through leading international collaborations across 10
countries in Europe, Canada, China and USA.
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UCL Lead Projects on CCS Funded by European Commission 

CO2PipeHaz: Hazard Assessment for the Next Generation CO2 Pipelines (2010-13)

https://www.co2pipehaz.eu/

C4U: Advanced Carbon Capture for Steel Industries Integrated in CCUS Clusters (2020-24)

CO2QUEST: Techno-economic Assessment of CO2 Quality on its Transport & Storage (2014-18)

http://www.co2quest.eu/

http://www.c4u-project.eu/
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http://www.ucl.ac.uk/
http://www.dlut.edu.cn/en/
http://www.gexcon.com/
http://www.hsl.gov.uk/
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CO2PipeHaz

•In CCS, pressurised pipelines are the

most practical method for transportation

of CO2 captured for permanent

geological storage

•CO2 is an asphyxiant and is likely to be

fatal at concentrations greater 10% v/v

Given the enormous amounts of CO2

contained in such pipelines, their

safe operation is of paramount

importance
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The safe operation & routing of pressurised CO2 pipelines 
is very important

Some important questions are: 

• The dispersion behaviour of the released CO2 cloud in the unlikely 
event of pipeline failure (how far does the CO2 plume migrate?) 

• The choice of appropriate pipeline materials to avoid running 
fractures or corrosion
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‘The A Team’
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The pipeline test facility in China
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Brittle Fracture Propagation 

Flowing CO2

Pipe wall

CO2 gets very cold (-70oC) when it rapidly  
expands (Boyles Law) 

Can a small pipeline puncture eventually transform into  a running fracture ? 

Ductile fracture Brittle  fracture 

BDWTT example at 20Â°C (ductile).avi
BDWTT_example_at_-65Â°C_(partly_brittle) (2).avi
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CO2-Q27-IR.AVI
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