
Carbon Capture  
and Storage

Introduction
The atmosphere contains a number of gases that trap some of  
the heat radiated from the Earth’s surface and keep the planet  
about 33 °C warmer than it would otherwise be. Without this 
‘greenhouse effect’ the Earth would be a frozen wasteland with 
an average temperature of about −18 °C and life as we know it 
would be impossible.
The main greenhouse gases are, in order of their contribution to global 
warming, water vapour, carbon dioxide (CO2), nitrous oxide (N2O), 
tropospheric ozone (O3) and methane (CH4). (The water content of the 
atmosphere cannot be directly changed; it is dependent on the average 
global temperature and cannot be changed directly.) 

Since the beginning of the industrial revolution (ca. 1750) human activity  
has added to the natural levels of these gases, causing an enhanced 
greenhouse effect. The global population has risen from less than 1 billion 
to 7 billion; urbanisation has gone from less than 10% to over 50%. Global 
energy consumption is now more than 25 times greater than it was in 1750.

Greenhouse gas 1750 2014 Contribution to the 
Greenhouse effect

Water vapour (H2O) 36% to 70%

Carbon dioxide (CO2) 280 395 ppm* 9% to 25%

Methane (CH4) 722 1800 ppb* 4% to 9%

Tropospheric ozone (O3) 237 337 ppb 3% to 7%

Nitrous oxide (N2O) 270 326 ppb 4% to 6%

 (* ppm: parts per million; ppb parts per billion)
Atmospheric CO2 can be reduced in a number of ways including: 
1. Make more efficient use of energy
2. Using less fossil fuel and more renewable energy
3. Reducing CO2 emissions through carbon capture and storage (CCS)
4. Direct removal of CO2 from the atmosphere through CO2 removal (CDR), 

e.g. using artificial ‘trees’.
Some of the techniques to reduce atmospheric CO2 that are currently being 
tested are outlined below.

Carbon capture and storage (CCS)
The term ‘carbon capture’ refers to processes in which CO2 is captured at 
source with a view to storing it permanently. Anthropogenic CO2 largely 
comes from fuel combustion and so CCS research has focused on:

• Post-combustion capture
• Pre-combustion capture
• Oxy-combustion.
Post-combustion capture refers to the extraction of CO2 from the flue 
gases of power stations and other large facilities that involve combustion. 
This is generally done by passing the flue gases through a suitable absorber. 
The resulting product is later heated to release relatively pure CO2 and 
regenerate the absorber for reuse. The CO2 is compressed and transported 
to a storage facility. An important advantage of this process is that it can be 
added to existing power plants.

Flue gases typically contain between 3% and 15% of CO2, depending on the 
fuel being burned.

Sodium carbonate [Na2CO3 (+ H2O)] is being evaluated as an absorber.  
It can remove most of the CO2 from flue gas at temperatures up to 80°C 
forming NaHCO3. When this is heated to 120°C CO2 and H2O are released 
and Na2CO3 is regenerated. However the flue gas processed in this way still 
contains about 2% CO2. This process has as yet not been implemented 
commercially.

Solutions of certain amines —e.g. monoethanolamine (HO-CH2CH2-NH2) 
— can absorb CO2 more efficiently and requires less energy to regenerate. 
However they can be degraded by the presence of oxygen in the incoming 
flue gas. 

The overall reaction may be summarised as follows:

 CO2 + 2 R-NH2  ↔ R-NH3
+  + R-NHCOO−     

where R is an organic radical such as HO-CH2CH2-.  

In pre-combustion capture the fuel (coal) is ‘gasified’ by reacting it with 
steam in the absence of air. The resulting product is a mixture of hydrogen, 
carbon monoxide and carbon dioxide, and is referred to as ‘syngas’ 
(synthetic gas as distinct from natural gas). The CO2 is removed from the 
mixture by solvent absorption (as described above) and the remaining gas is 
burned to power generators and produce heat. 

This process is more efficient than post-combustion capture but cannot be 
added to existing power plants.

In oxy-combustion systems the fuel (coal) is typically burned in a roughly 
80:20 mixture of flue gases and oxygen. The resulting flue gas is mostly CO2 
and water which can be separated by condensation. The process produces 
less nitrogen oxides and there is less heat loss. 

Note that these techniques are suitable for large fixed sources of CO2 such 
as power stations. They are not feasible in the case of domestic heating, 
motorised transport etc. which account for more than 50% of anthropogenic 
CO2 emissions.

CCS does not reduce the amount of CO2 already present in the atmosphere; 
it reduces the amount being released into the atmosphere.

Carbon dioxide removal (CDR)
A number of techniques have been proposed to remove CO2 from the 
atmosphere more directly and some are being tested. However the 
concentration of CO2 in the atmosphere is about 0.04% (400 ppm) and so the 
methods used to remove CO2 from flue gas are not appropriate. The 
feasibility of some of these techniques has yet to be demonstrated on a large 
scale. 

• Afforestation. As trees grow they store ‘carbon’ (as cellulose etc.).

• Bio-energy (biomass as fuel) with carbon capture and storage. 

• Iron fertilization of the ocean to encourage algal blooms which take in 
CO2. The long-term effects are not known.

• Biochar: This is charcoal that is used to improve the quality of soil. It is 
made by heating biomass — typically wood — in the absence of air. 
Combustible gases are given off and used as fuel; the charcoal that 
remains can be crushed and added to the soil where it may remain for 
thousands of years. Some soils benefit from this more than others but 
the mechanism is not clear. 

• Chemical capture (e.g. using metal oxides, e.g. CaO, MgO). Stable 
carbonates are formed and can be stored. However the production of 
the oxides may itself release CO2 and requires substantial energy input.

• Ocean Alkalinity Enhancement. This involves adding crushed alkaline 
rocks (e.g. limestone) to the ocean to increase its ability to absorb CO2 
and so decrease ocean acidification.

• Enhanced Weathering. Certain naturally occurring minerals, when 
exposed to the atmosphere, can absorb CO2 and form stable 
carbonates which can be stored.

• Direct Air Capture of CO2, mainly for industrial use, using ‘artificial 
trees’.

Storage of carbon dioxide 
A number of ways of storing CO2 are already in use and others are being 
investigated. In geological storage CO2 is pumped under pressure into 
depleted oil/gas wells or into declining wells in order to increase oil/gas 
recovery. Carbon dioxide can also be pumped into coal seams but there  
is a danger that the process might displace methane which is a much more 
potent greenhouse gas. Deep ocean storage is likely to cause acidification 
and so is no longer considered feasible. The use of deep saline aquifers  
is being explored. Ideally CO2 storage facilities should be located near  
the CO2 source in order to minimise transportation costs. 

It is important to ensure that CO2 does not leak from storage facilities and 
undo the benefits.

Transportation 
Once CO2 has been captured and compressed it is then either piped or 
transported to a suitable storage facility. It can be piped from land-based 
plants to offshore oil/gas rigs for storage under the sea-bed. 

When transported by tanker the CO2 is liquefied and maintained at about 
−20°C and a pressure of over 20 atmospheres. 

The cost
There are significant extra costs associated with CCS.

• About 25% more fuel is required to run the carbon capture processes.

• The infra-structural cost of power generation with CCS is between 
50% and 100% greater.

These factors would raise the unit cost of electricity by 10% to 20%.

Find this and other lessons on www.sta.ie

Shell is a global group of energy and petrochemicals 
companies. With around 90,000 employees in more than 
80 countries and territories, Shell helps to meet the world’s 
growing demand for energy in economically, 
environmentally and socially responsible ways.

Shell has been exploring for, and producing, oil and gas for 
more than a century, using the most innovative 
technologies available.

While Shell believes that oil and gas will be integral to the 
global energy needs for economic development for many 
decades to come, the company is also involved in the 
development of renewable energy sources as an 
alternative to fossil fuels. These include solar energy and 
second generation biofuels.

In Ireland, Shell is the lead operator in the Corrib Gas 
Project. The Corrib field is located 83 km off the coast of 
County Mayo and has the potential to supply up to 60% of 
the country’s gas needs at peak production.

For further information on the Corrib gas project visit

www.corribgas.ie

Technology Centre Mongstad (TCM), Norway

This is the largest centre of its kind to test CO2 capture 
technologies. It demonstrates CO2 capture at scale (up to 
100,000 tonnes of CO2 a year) and contributes to reducing 
the costs of CO2 capture. The centre was inaugurated in 
May 2012 and two different capture technologies are 
currently being tested. Owners of the centre are Gassnova 
SF, A/S Norske Shell, Sasol and Statoil ASA. 

For further information visit  www.tcmda.com/en/
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Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Chemistry
• Atmospheric Chemistry
• Combustion of carbon to give carbon monoxide and carbon dioxide.
• The carbon cycle. 
• Greenhouse gases and their relative effects 
• Reduction of atmospheric carbon dioxide levels by dissolving in the ocean.
• Possible implications of the increased greenhouse effect.

Leaving Agricultural Science
• Living organisms and their effects. Interdependence of animals and 

plants.
• Decomposition of organic matter; carbon and nitrogen cycles.
 
Science and Technology in Action is also widely used  
by Transition Year classes. 

Student Activities

1. Use the two equations below to estimate the composition of flue 
gases from the combustion of coal and of natural gas. For simplicity 
you may assume that coal is 100% carbon and that natural gas is 
100% methane.  
C + O2   →  CO2 
CH4  + 2O2   → CO2 + 2H2O 
Remember that air is about 20% oxygen.

2. When a forest matures (over hundreds or thousands of years) it 
reaches a steady state in which the decay of dead trees balances 
new growth. In this state the forest stores ‘carbon’ but its net 
contribution to atmospheric oxygen is zero. Discuss. 

3. An active person uses roughly 110 joules of energy every second. 
That is equivalent to about 9.5 MJ per day or 3.5 GJ per annum. 
This energy comes from food. 
In pre-industrial times people employed domesticated animals to 
do heavy work such as ploughing or transporting heavy goods.  
The energy was supplied directly or indirectly by plants (and 
ultimately by the Sun) and was sustainable. 
Using available information sources (library, Internet...) find the 
average amount of energy per capita worldwide. How does this 
vary by continent? How much more energy do people in Europe 
have than people in India (on average)?

4. Show that the volume of oxygen released by growing plants is 
equal to the volume of carbon dioxide they take in. Remember that 
air is 21% oxygen, by volume.

Did You Know?
Energy conversions

• An active person uses on average about 110 joules of energy every 
second. That is about 6.6 kJ per minute or 9.5 MJ per day. 
This is the amount of energy in about 600 g of sugar or 640 g of 
(dry) rice. (The energy content of foods is generally written on the 
packets.)

• Other units are commonly used in the energy sector. 
Burning a kilogram of oil releases about 40 MJ of energy, 
depending on the type of oil. 
In the energy industry 41868 kJ is taken as the energy in 1 kilogram 
of oil. This is called a ‘ 1 kilogram of oil equivalent’ or ‘1 kgoe’.

• One kilogram of oil equivalent (1 kgoe) = 41868 kJ or 41.868 MJ.
• In Ireland we use over 3000 kgoe per person per annum (=125 

GJ). The average for citizens of the US and Canada is more than 
twice that value. On average people in India and Bangladesh use 
560 kgoe and 200 kgoe each per annum respectively.  
The global average is 1800 kgoe (= 75 GJ) per person per annum.

Biographical Notes
Jean Baptiste Joseph Fourier (1768 – 1830)
Fourier was born at Auxerre, in France. When he 
was nine his mother died and his father, a tailor, 
died the following year. At school he excelled, 
especially in mathematics. In 1789, at the age of 21 
he moved to Paris where he delivered a paper on 
algebra to the Science Academy. 

In 1795 he began to train as a teacher in Paris. In 
1797 he was appointed to the Chair of Analysis and 
Mechanics, succeeding his former teacher 
Lagrange. In 1798 He worked as Napoleon’s scientific advisor in Egypt 
where he set up schools and a civil service. He was also involved in 
archaeology exploration in Egypt.

On returning to France in 1801 he was appointed to take charge of 
major municipal works in Grenoble. He investigated how heat is 
transferred and presented his findings in 1816. He calculated that the 
Earth, because of its distance from the Sun, should be much colder.  
He was the first to suggest that the atmosphere reduced the loss of 
heat from the Earth. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain what is meant by the ‘greenhouse effect’
• Explain what is meant by the term ‘carbon capture’
• Outline the main approaches to carbon capture that are currently 

being considered.
• Outline some of the options for the long-term storage of carbon 

dioxide
• Distinguish between ‘carbon capture’ and ‘carbon dioxide removal’
• Distinguish between ‘post-combustion capture’ and  

‘pre-combustion capture’.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• In pre-industrial times the natural carbon cycle maintained the level 
of CO2 at around 280 ppm. Since about 1750 human activity has 
raised this level to almost 400 ppm.

• Several factors contribute to this rise: increasing use of fossil fuels, 
increasing global population, urbanisation, rising standards of living, 
greater personal use of energy, transport systems etc.

• The increase in atmospheric carbon dioxide and other greenhouse 
gases has caused global temperatures to rise. If ignored, the 
problem will not go away; there is a need to reduce the levels of 
greenhouse gases. 

• There are substantial costs associated with all carbon capture and 
storage technologies. In developed economies energy use is 
currently more than ten times the level that is considered 
sustainable.

True/False Questions

a) Without the greenhouse effect the Earth would be a frozen  
planet.  T F

b) Anthropogenic greenhouse gases have caused the enhanced 
greenhouse effect.  T F

c) Greenhouse gases are easily removed from the atmosphere. T F
d) CCS reduces the amount of CO2 already present in the 

atmosphere. T F
e) CCS reduces the amount of CO2 being released into the 

atmosphere. T F
f) Certain metal oxides (CaO, MgO) react with CO2 to form  

stable carbonates. T F
g) Recovery of gas or oil can be enhanced by pumping in  

carbon dioxide. T F
h) Pre-combustion carbon capture can be added to existing  

sources of CO2. T F
i) Post-combustion carbon capture can be added to existing  

sources of CO2. T F
j) Carbon dioxide can be liquefied for transportation in tankers. T F
k) Some amines can bind with CO2 in a reversible way. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

algal blooms, alkaline, amine, biomass, carbon monoxide, carbonates, 
coal seams, condensation, depleted, enhanced greenhouse effect, 
fixed sources, flue gases, greenhouse gases, metal oxides, methane, 
nitrous oxide, ocean acidification, ppm, ppb, sodium carbonate, syngas, 
tropospheric ozone, urbanisation, water vapour.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Chemistry (HL) 2004, Q. 11

The greenhouse effect is a natural phenomenon but its effects have 
been enhanced by human activity over the past 200 years.

(i)  Explain the term greenhouse effect.

(ii) Identify one gas in the atmosphere which makes a significant 
contribution to the greenhouse effect.

(iii) In relation to the gas you have identified in (ii), mention a type of 
human activity which has been a major contributor to the increased 
levels of this gas in the atmosphere.

(iv)  Identify one gas, found in the atmosphere, which is not a 
greenhouse gas. 

(v)  State three probable consequences of an increased greenhouse 
effect which have been suggested by environmental scientists.

Leaving Certificate Chemistry (OL) 2011, Q. 11 c

Over 100 years ago the Swedish chemist, Arrhenius, predicted that 
carbon dioxide produced by the combustion of fossil fuels would cause 
environmental damage.

(i)  Explain the greenhouse effect.

 State two possible consequences of an increased greenhouse 
effect. 

(ii)  Both methane and water vapour have a far greater greenhouse 
effect than carbon dioxide. State one reason in each case why 
methane and water vapour are increasing in concentration in the 
atmosphere. 

(iii)  Carbon dioxide is produced in large quantities by the combustion 
of fossil fuels.

 Give the name and formula of one other oxide, produced in the 
burning of fossil fuels, that gives rise to acid rain.

Leaving Certificate Chemistry (HL) 2007, Q. 11 c

There is concern about the increasing abundance of carbon dioxide  
in the atmosphere.

(i)  State one important way carbon dioxide is constantly added to the 
atmosphere. 

(ii)  Carbon dioxide is a greenhouse gas. It has been assigned  
a greenhouse factor of 1.

 What use is made of the “greenhouse factor” of a gas?

(iii)  Name two other greenhouse gases.

(iv)  Carbon dioxide is removed from the atmosphere when it dissolves 
in rainwater, seas, lakes, etc.

 What three chemical species arise in water as a result of carbon 
dioxide gas dissolving in it?
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Fourier was born at Auxerre, in France. When he 
was nine his mother died and his father, a tailor, 
died the following year. At school he excelled, 
especially in mathematics. In 1789, at the age of 21 
he moved to Paris where he delivered a paper on 
algebra to the Science Academy. 

In 1795 he began to train as a teacher in Paris. In 
1797 he was appointed to the Chair of Analysis and 
Mechanics, succeeding his former teacher 
Lagrange. In 1798 He worked as Napoleon’s scientific advisor in Egypt 
where he set up schools and a civil service. He was also involved in 
archaeology exploration in Egypt.

On returning to France in 1801 he was appointed to take charge of 
major municipal works in Grenoble. He investigated how heat is 
transferred and presented his findings in 1816. He calculated that the 
Earth, because of its distance from the Sun, should be much colder.  
He was the first to suggest that the atmosphere reduced the loss of 
heat from the Earth. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain what is meant by the ‘greenhouse effect’
• Explain what is meant by the term ‘carbon capture’
• Outline the main approaches to carbon capture that are currently 

being considered.
• Outline some of the options for the long-term storage of carbon 

dioxide
• Distinguish between ‘carbon capture’ and ‘carbon dioxide removal’
• Distinguish between ‘post-combustion capture’ and  

‘pre-combustion capture’.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• In pre-industrial times the natural carbon cycle maintained the level 
of CO2 at around 280 ppm. Since about 1750 human activity has 
raised this level to almost 400 ppm.

• Several factors contribute to this rise: increasing use of fossil fuels, 
increasing global population, urbanisation, rising standards of living, 
greater personal use of energy, transport systems etc.

• The increase in atmospheric carbon dioxide and other greenhouse 
gases has caused global temperatures to rise. If ignored, the 
problem will not go away; there is a need to reduce the levels of 
greenhouse gases. 

• There are substantial costs associated with all carbon capture and 
storage technologies. In developed economies energy use is 
currently more than ten times the level that is considered 
sustainable.

True/False Questions

a) Without the greenhouse effect the Earth would be a frozen  
planet.  T F

b) Anthropogenic greenhouse gases have caused the enhanced 
greenhouse effect.  T F

c) Greenhouse gases are easily removed from the atmosphere. T F
d) CCS reduces the amount of CO2 already present in the 

atmosphere. T F
e) CCS reduces the amount of CO2 being released into the 

atmosphere. T F
f) Certain metal oxides (CaO, MgO) react with CO2 to form  

stable carbonates. T F
g) Recovery of gas or oil can be enhanced by pumping in  

carbon dioxide. T F
h) Pre-combustion carbon capture can be added to existing  

sources of CO2. T F
i) Post-combustion carbon capture can be added to existing  

sources of CO2. T F
j) Carbon dioxide can be liquefied for transportation in tankers. T F
k) Some amines can bind with CO2 in a reversible way. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

algal blooms, alkaline, amine, biomass, carbon monoxide, carbonates, 
coal seams, condensation, depleted, enhanced greenhouse effect, 
fixed sources, flue gases, greenhouse gases, metal oxides, methane, 
nitrous oxide, ocean acidification, ppm, ppb, sodium carbonate, syngas, 
tropospheric ozone, urbanisation, water vapour.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Chemistry (HL) 2004, Q. 11

The greenhouse effect is a natural phenomenon but its effects have 
been enhanced by human activity over the past 200 years.

(i)  Explain the term greenhouse effect.

(ii) Identify one gas in the atmosphere which makes a significant 
contribution to the greenhouse effect.

(iii) In relation to the gas you have identified in (ii), mention a type of 
human activity which has been a major contributor to the increased 
levels of this gas in the atmosphere.

(iv)  Identify one gas, found in the atmosphere, which is not a 
greenhouse gas. 

(v)  State three probable consequences of an increased greenhouse 
effect which have been suggested by environmental scientists.

Leaving Certificate Chemistry (OL) 2011, Q. 11 c

Over 100 years ago the Swedish chemist, Arrhenius, predicted that 
carbon dioxide produced by the combustion of fossil fuels would cause 
environmental damage.

(i)  Explain the greenhouse effect.

 State two possible consequences of an increased greenhouse 
effect. 

(ii)  Both methane and water vapour have a far greater greenhouse 
effect than carbon dioxide. State one reason in each case why 
methane and water vapour are increasing in concentration in the 
atmosphere. 

(iii)  Carbon dioxide is produced in large quantities by the combustion 
of fossil fuels.

 Give the name and formula of one other oxide, produced in the 
burning of fossil fuels, that gives rise to acid rain.

Leaving Certificate Chemistry (HL) 2007, Q. 11 c

There is concern about the increasing abundance of carbon dioxide  
in the atmosphere.

(i)  State one important way carbon dioxide is constantly added to the 
atmosphere. 

(ii)  Carbon dioxide is a greenhouse gas. It has been assigned  
a greenhouse factor of 1.

 What use is made of the “greenhouse factor” of a gas?

(iii)  Name two other greenhouse gases.

(iv)  Carbon dioxide is removed from the atmosphere when it dissolves 
in rainwater, seas, lakes, etc.

 What three chemical species arise in water as a result of carbon 
dioxide gas dissolving in it?
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Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Chemistry
• Atmospheric Chemistry
• Combustion of carbon to give carbon monoxide and carbon dioxide.
• The carbon cycle. 
• Greenhouse gases and their relative effects 
• Reduction of atmospheric carbon dioxide levels by dissolving in the ocean.
• Possible implications of the increased greenhouse effect.

Leaving Agricultural Science
• Living organisms and their effects. Interdependence of animals and 

plants.
• Decomposition of organic matter; carbon and nitrogen cycles.
 
Science and Technology in Action is also widely used  
by Transition Year classes. 

Student Activities

1. Use the two equations below to estimate the composition of flue 
gases from the combustion of coal and of natural gas. For simplicity 
you may assume that coal is 100% carbon and that natural gas is 
100% methane.  
C + O2   →  CO2 
CH4  + 2O2   → CO2 + 2H2O 
Remember that air is about 20% oxygen.

2. When a forest matures (over hundreds or thousands of years) it 
reaches a steady state in which the decay of dead trees balances 
new growth. In this state the forest stores ‘carbon’ but its net 
contribution to atmospheric oxygen is zero. Discuss. 

3. An active person uses roughly 110 joules of energy every second. 
That is equivalent to about 9.5 MJ per day or 3.5 GJ per annum. 
This energy comes from food. 
In pre-industrial times people employed domesticated animals to 
do heavy work such as ploughing or transporting heavy goods.  
The energy was supplied directly or indirectly by plants (and 
ultimately by the Sun) and was sustainable. 
Using available information sources (library, Internet...) find the 
average amount of energy per capita worldwide. How does this 
vary by continent? How much more energy do people in Europe 
have than people in India (on average)?

4. Show that the volume of oxygen released by growing plants is 
equal to the volume of carbon dioxide they take in. Remember that 
air is 21% oxygen, by volume.

Did You Know?
Energy conversions

• An active person uses on average about 110 joules of energy every 
second. That is about 6.6 kJ per minute or 9.5 MJ per day. 
This is the amount of energy in about 600 g of sugar or 640 g of 
(dry) rice. (The energy content of foods is generally written on the 
packets.)

• Other units are commonly used in the energy sector. 
Burning a kilogram of oil releases about 40 MJ of energy, 
depending on the type of oil. 
In the energy industry 41868 kJ is taken as the energy in 1 kilogram 
of oil. This is called a ‘ 1 kilogram of oil equivalent’ or ‘1 kgoe’.

• One kilogram of oil equivalent (1 kgoe) = 41868 kJ or 41.868 MJ.
• In Ireland we use over 3000 kgoe per person per annum (=125 

GJ). The average for citizens of the US and Canada is more than 
twice that value. On average people in India and Bangladesh use 
560 kgoe and 200 kgoe each per annum respectively.  
The global average is 1800 kgoe (= 75 GJ) per person per annum.

Biographical Notes
Jean Baptiste Joseph Fourier (1768 – 1830)
Fourier was born at Auxerre, in France. When he 
was nine his mother died and his father, a tailor, 
died the following year. At school he excelled, 
especially in mathematics. In 1789, at the age of 21 
he moved to Paris where he delivered a paper on 
algebra to the Science Academy. 

In 1795 he began to train as a teacher in Paris. In 
1797 he was appointed to the Chair of Analysis and 
Mechanics, succeeding his former teacher 
Lagrange. In 1798 He worked as Napoleon’s scientific advisor in Egypt 
where he set up schools and a civil service. He was also involved in 
archaeology exploration in Egypt.

On returning to France in 1801 he was appointed to take charge of 
major municipal works in Grenoble. He investigated how heat is 
transferred and presented his findings in 1816. He calculated that the 
Earth, because of its distance from the Sun, should be much colder.  
He was the first to suggest that the atmosphere reduced the loss of 
heat from the Earth. 

Learning Outcomes
On completion of this lesson, students should be able to: 

• Explain what is meant by the ‘greenhouse effect’
• Explain what is meant by the term ‘carbon capture’
• Outline the main approaches to carbon capture that are currently 

being considered.
• Outline some of the options for the long-term storage of carbon 

dioxide
• Distinguish between ‘carbon capture’ and ‘carbon dioxide removal’
• Distinguish between ‘post-combustion capture’ and  

‘pre-combustion capture’.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• In pre-industrial times the natural carbon cycle maintained the level 
of CO2 at around 280 ppm. Since about 1750 human activity has 
raised this level to almost 400 ppm.

• Several factors contribute to this rise: increasing use of fossil fuels, 
increasing global population, urbanisation, rising standards of living, 
greater personal use of energy, transport systems etc.

• The increase in atmospheric carbon dioxide and other greenhouse 
gases has caused global temperatures to rise. If ignored, the 
problem will not go away; there is a need to reduce the levels of 
greenhouse gases. 

• There are substantial costs associated with all carbon capture and 
storage technologies. In developed economies energy use is 
currently more than ten times the level that is considered 
sustainable.

True/False Questions

a) Without the greenhouse effect the Earth would be a frozen  
planet.  T F

b) Anthropogenic greenhouse gases have caused the enhanced 
greenhouse effect.  T F

c) Greenhouse gases are easily removed from the atmosphere. T F
d) CCS reduces the amount of CO2 already present in the 

atmosphere. T F
e) CCS reduces the amount of CO2 being released into the 

atmosphere. T F
f) Certain metal oxides (CaO, MgO) react with CO2 to form  

stable carbonates. T F
g) Recovery of gas or oil can be enhanced by pumping in  

carbon dioxide. T F
h) Pre-combustion carbon capture can be added to existing  

sources of CO2. T F
i) Post-combustion carbon capture can be added to existing  

sources of CO2. T F
j) Carbon dioxide can be liquefied for transportation in tankers. T F
k) Some amines can bind with CO2 in a reversible way. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

algal blooms, alkaline, amine, biomass, carbon monoxide, carbonates, 
coal seams, condensation, depleted, enhanced greenhouse effect, 
fixed sources, flue gases, greenhouse gases, metal oxides, methane, 
nitrous oxide, ocean acidification, ppm, ppb, sodium carbonate, syngas, 
tropospheric ozone, urbanisation, water vapour.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 
Leaving Certificate Chemistry (HL) 2004, Q. 11

The greenhouse effect is a natural phenomenon but its effects have 
been enhanced by human activity over the past 200 years.

(i)  Explain the term greenhouse effect.

(ii) Identify one gas in the atmosphere which makes a significant 
contribution to the greenhouse effect.

(iii) In relation to the gas you have identified in (ii), mention a type of 
human activity which has been a major contributor to the increased 
levels of this gas in the atmosphere.

(iv)  Identify one gas, found in the atmosphere, which is not a 
greenhouse gas. 

(v)  State three probable consequences of an increased greenhouse 
effect which have been suggested by environmental scientists.

Leaving Certificate Chemistry (OL) 2011, Q. 11 c

Over 100 years ago the Swedish chemist, Arrhenius, predicted that 
carbon dioxide produced by the combustion of fossil fuels would cause 
environmental damage.

(i)  Explain the greenhouse effect.

 State two possible consequences of an increased greenhouse 
effect. 

(ii)  Both methane and water vapour have a far greater greenhouse 
effect than carbon dioxide. State one reason in each case why 
methane and water vapour are increasing in concentration in the 
atmosphere. 

(iii)  Carbon dioxide is produced in large quantities by the combustion 
of fossil fuels.

 Give the name and formula of one other oxide, produced in the 
burning of fossil fuels, that gives rise to acid rain.

Leaving Certificate Chemistry (HL) 2007, Q. 11 c

There is concern about the increasing abundance of carbon dioxide  
in the atmosphere.

(i)  State one important way carbon dioxide is constantly added to the 
atmosphere. 

(ii)  Carbon dioxide is a greenhouse gas. It has been assigned  
a greenhouse factor of 1.

 What use is made of the “greenhouse factor” of a gas?

(iii)  Name two other greenhouse gases.

(iv)  Carbon dioxide is removed from the atmosphere when it dissolves 
in rainwater, seas, lakes, etc.

 What three chemical species arise in water as a result of carbon 
dioxide gas dissolving in it?
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• Combustion of carbon to give carbon monoxide and carbon dioxide.
• The carbon cycle. 
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• Reduction of atmospheric carbon dioxide levels by dissolving in the ocean.
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• Living organisms and their effects. Interdependence of animals and 
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• Decomposition of organic matter; carbon and nitrogen cycles.
 
Science and Technology in Action is also widely used  
by Transition Year classes. 

Student Activities

1. Use the two equations below to estimate the composition of flue 
gases from the combustion of coal and of natural gas. For simplicity 
you may assume that coal is 100% carbon and that natural gas is 
100% methane.  
C + O2   →  CO2 
CH4  + 2O2   → CO2 + 2H2O 
Remember that air is about 20% oxygen.

2. When a forest matures (over hundreds or thousands of years) it 
reaches a steady state in which the decay of dead trees balances 
new growth. In this state the forest stores ‘carbon’ but its net 
contribution to atmospheric oxygen is zero. Discuss. 

3. An active person uses roughly 110 joules of energy every second. 
That is equivalent to about 9.5 MJ per day or 3.5 GJ per annum. 
This energy comes from food. 
In pre-industrial times people employed domesticated animals to 
do heavy work such as ploughing or transporting heavy goods.  
The energy was supplied directly or indirectly by plants (and 
ultimately by the Sun) and was sustainable. 
Using available information sources (library, Internet...) find the 
average amount of energy per capita worldwide. How does this 
vary by continent? How much more energy do people in Europe 
have than people in India (on average)?

4. Show that the volume of oxygen released by growing plants is 
equal to the volume of carbon dioxide they take in. Remember that 
air is 21% oxygen, by volume.

Did You Know?
Energy conversions

• An active person uses on average about 110 joules of energy every 
second. That is about 6.6 kJ per minute or 9.5 MJ per day. 
This is the amount of energy in about 600 g of sugar or 640 g of 
(dry) rice. (The energy content of foods is generally written on the 
packets.)

• Other units are commonly used in the energy sector. 
Burning a kilogram of oil releases about 40 MJ of energy, 
depending on the type of oil. 
In the energy industry 41868 kJ is taken as the energy in 1 kilogram 
of oil. This is called a ‘ 1 kilogram of oil equivalent’ or ‘1 kgoe’.

• One kilogram of oil equivalent (1 kgoe) = 41868 kJ or 41.868 MJ.
• In Ireland we use over 3000 kgoe per person per annum (=125 

GJ). The average for citizens of the US and Canada is more than 
twice that value. On average people in India and Bangladesh use 
560 kgoe and 200 kgoe each per annum respectively.  
The global average is 1800 kgoe (= 75 GJ) per person per annum.

Biographical Notes
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was nine his mother died and his father, a tailor, 
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he moved to Paris where he delivered a paper on 
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Mechanics, succeeding his former teacher 
Lagrange. In 1798 He worked as Napoleon’s scientific advisor in Egypt 
where he set up schools and a civil service. He was also involved in 
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On returning to France in 1801 he was appointed to take charge of 
major municipal works in Grenoble. He investigated how heat is 
transferred and presented his findings in 1816. He calculated that the 
Earth, because of its distance from the Sun, should be much colder.  
He was the first to suggest that the atmosphere reduced the loss of 
heat from the Earth. 
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• Explain what is meant by the term ‘carbon capture’
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These are additional relevant points which are used to extend 
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• In pre-industrial times the natural carbon cycle maintained the level 
of CO2 at around 280 ppm. Since about 1750 human activity has 
raised this level to almost 400 ppm.

• Several factors contribute to this rise: increasing use of fossil fuels, 
increasing global population, urbanisation, rising standards of living, 
greater personal use of energy, transport systems etc.

• The increase in atmospheric carbon dioxide and other greenhouse 
gases has caused global temperatures to rise. If ignored, the 
problem will not go away; there is a need to reduce the levels of 
greenhouse gases. 

• There are substantial costs associated with all carbon capture and 
storage technologies. In developed economies energy use is 
currently more than ten times the level that is considered 
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True/False Questions

a) Without the greenhouse effect the Earth would be a frozen  
planet.  T F

b) Anthropogenic greenhouse gases have caused the enhanced 
greenhouse effect.  T F

c) Greenhouse gases are easily removed from the atmosphere. T F
d) CCS reduces the amount of CO2 already present in the 
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e) CCS reduces the amount of CO2 being released into the 
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stable carbonates. T F
g) Recovery of gas or oil can be enhanced by pumping in  
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h) Pre-combustion carbon capture can be added to existing  
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i) Post-combustion carbon capture can be added to existing  
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j) Carbon dioxide can be liquefied for transportation in tankers. T F
k) Some amines can bind with CO2 in a reversible way. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms?  
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Examination Questions 
Leaving Certificate Chemistry (HL) 2004, Q. 11

The greenhouse effect is a natural phenomenon but its effects have 
been enhanced by human activity over the past 200 years.

(i)  Explain the term greenhouse effect.

(ii) Identify one gas in the atmosphere which makes a significant 
contribution to the greenhouse effect.

(iii) In relation to the gas you have identified in (ii), mention a type of 
human activity which has been a major contributor to the increased 
levels of this gas in the atmosphere.

(iv)  Identify one gas, found in the atmosphere, which is not a 
greenhouse gas. 

(v)  State three probable consequences of an increased greenhouse 
effect which have been suggested by environmental scientists.
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Over 100 years ago the Swedish chemist, Arrhenius, predicted that 
carbon dioxide produced by the combustion of fossil fuels would cause 
environmental damage.

(i)  Explain the greenhouse effect.

 State two possible consequences of an increased greenhouse 
effect. 

(ii)  Both methane and water vapour have a far greater greenhouse 
effect than carbon dioxide. State one reason in each case why 
methane and water vapour are increasing in concentration in the 
atmosphere. 

(iii)  Carbon dioxide is produced in large quantities by the combustion 
of fossil fuels.

 Give the name and formula of one other oxide, produced in the 
burning of fossil fuels, that gives rise to acid rain.

Leaving Certificate Chemistry (HL) 2007, Q. 11 c

There is concern about the increasing abundance of carbon dioxide  
in the atmosphere.

(i)  State one important way carbon dioxide is constantly added to the 
atmosphere. 

(ii)  Carbon dioxide is a greenhouse gas. It has been assigned  
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