
Current energy sources
In Ireland at present 20% of our electricity is generated from 
combustion of coal at Moneypoint, Co Clare, using about 7,000 
tonnes of coal per day and generating 915 MW. It was built in the 
1980s after oil prices had risen sharply. It was upgraded in 2008 to 
remove SO2 and NOx from the fl ue gases. It can also burn heavy 
fuel oil but coal is currently relatively cheap, as are emission permits 
in the EU emissions trading system (EU-ETS). The Moneypoint 
plant is expected to reach the end of its useful life around 2025 but 
equivalent and cleaner options will need to be put in place before 
then in order to meet electricity demand. 

Globally, 40% of electricity is generated 
using coal. The achievement of the energy 
and emissions targets will necessarily take 
several decades. 

The amount of CO2 produced by the 
combustion of various fuels is shown in the 
table (right). Natural gas produces the least 
amount of CO2 for the same energy output. 
It is therefore a ‘cleaner’ fuel than oil or coal. The combustion of 
natural gas also produces much lower amounts of sulfur dioxide 
and other pollutants as shown in the table below. 

Urban living also requires more energy. In 1950 just 30% of the 
world’s population lived in cities. That fi gure is over 50% today 
and it is expected to be about 70% by 2050.

It will be necessary to achieve close to net-zero carbon dioxide (CO2) 
emissions as early as possible this century if we are to achieve an 
average global temperature rise of less than 2 °C. In a net-zero 
emissions world, CO2 emissions would be safely absorbed by the 
earth’s natural infrastructure – such as forests and oceans – with any 
remaining emissions safely stored underground by carbon capture 
and storage (CCS). 

However, carbon dioxide levels are already high and even if 
we achieve net-zero emissions this century the global average 
temperature is still expected to rise 2–3 °C by 2100. A huge part of 
the challenge is to cut the carbon from the existing fossil fuels that 
currently make up around 80% of the energy mix. It will be necessary 
to meet energy needs towards the end of this century mainly from 
renewable energy sources such as solar, wind and biomass but 
fossil fuels will still provide about 25% of the energy. 

What can we do?
The following are some actions that we can take as individuals to 
reduce our carbon footprint:

Transport
• substitute public transport for private cars
• use electric rather than fossil fuel power.

Heating
• minimise energy loss by using high quality insulation
• capture heat using solar thermal panels
• avoid wasting hot water
• use heat pumps to heat home.

Electricity
• use more effi cient lighting (e.g.LEDs)
• use more effi cient cooking methods (e.g. microwave).

What can governments do?
The following are some actions that governments can take or 
encourage in order to reduce our collective carbon footprint:

Transport
• provide reliable public transport systems that use electric 

vehicles.
Heating

• ensure that power stations have combined heat and power (CHP) 
where possible

• ensure that public buildings are thermally effi cient.
Electricity

• use more effi cient public lighting (e.g. LEDs)
• install more renewable electricity generation (e.g. wind, solar PV)
• investigate alternative energy sources (e.g. biomass, nuclear)
• use lower carbon fuels in power stations (e.g. natural gas) with 

carbon capture and storage (CCS)
• Continue to engage citizens in deciding the steps to be taken 

to achieve a low carbon future and limit climate change.

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 operator in the Corrib Gas Project. 
The Corrib fi eld 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

You can fi nd out more about the work of Shell at 
www.shell.ie

What is ‘a low carbon future’?
In December 2015 the Irish Government published a white paper 
entitled Ireland’s Transition to a Low Carbon Energy Future 
2015-2030. It stated:

“Our vision of a low carbon energy system means that greenhouse 
gas (GHG) emissions from the energy sector will be reduced by 
between 80% and 95%, compared to 1990 levels, by 2050, and will 
fall to zero or below by 2100.” (p.7)

Where are we now?
At present about 88% of the country’s energy requirement comes 
from fossil fuels: coal, peat, oil and gas. To different extents they 
produce carbon dioxide (CO2) when they are burned. At the beginning 
of the Industrial Revolution (ca. 1760) the concentration of CO2 in the 
atmosphere was 275 ppm. The level has recently risen to 410 ppm. 

This excess of carbon dioxide has been a major contributor to a 
global temperature rise of about 0.8°C over the same period and 
change in ocean pH from 8.18 to 8.07. This pH change represents 
a 29% increase in ocean acidity (10−8.07 / 10−8.18 = 1.288). 
We must now endeavour to reverse these trends. Can this be done 
without damaging the economy?

The White Paper (Irish Government)
The White Paper (Ireland’s Transition to a Low Carbon Energy 
Future 2015-2030) takes into account European 
and International climate change objectives 
and agreements, as well as Irish social, 
economic and employment priorities. 

Ireland has set a target of a 20% improvement 
in energy effi ciency by 2020. While the target is 
not binding, implementation of a range of measures 
set out in the 2012 Energy Effi ciency Directive is 
obligatory. In 2014, Ireland was almost halfway 
(8-9%) to achieving its 2020 target.

Ambitious EU-wide targets have 
also been set for the reduction 
of GHG (greenhouse gas) 
emissions, relative to 1990 levels. 
(See Table). 

Ireland’s energy policy as 
described in the white paper addresses three core objectives: 
sustainability, security of supply, and competitiveness. 

A low carbon future will involve:
• becoming more energy effi cient
• generating our electricity from renewable sources
• moving to fuels with lower emissions (e.g. moving from peat and 

coal to gas), and ultimately away from fossil fuels altogether
• increasing our use of electricity and bioenergy for heat and 

transport
• improving the take-up of low carbon vehicles (electric and gas) 
• adopting new technologies as they emerge.

These changes will require that we radically change our behaviour as 
citizens, communities, industry and government.
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Fuel g CO2 
/ kWh

Natural 
Gas 205

LPG 230
Fuel Oil 260
Coal 340

Comparing emissions (g / kW h)

Pollutant Natural 
gas Oil Coal

Nitrogen oxides 0.14 0.7 0.7
Sulfur dioxide 0.001 1.8 4
Particulates 0.01 0.1 4

Morsy El Gohary M., Seddiek Ibrahim Sadek. International Journal of 
Naval Architecture and Ocean Engineering Volume 5, Issue1, p. 21)

Greater energy effi ciency
One indicator of a country’s energy effi ciency is energy intensity. 
This is calculated in units of energy per unit of gross domestic 
product (GDP). Typical units used are kilograms of oil equivalent 
per euro of GDP. 

In Ireland, over the period 2000 to 2014 there was a 19.4% 
improvement in energy effi ciency in the overall economy. 
(SEAI 2016 Report, p. 3)

Arising from obligations in the EU Energy Effi ciency Directive (2012), 
Ireland has a target of a 20% improvement 
in energy effi ciency by 2020. 

Sustainability report (Shell)
Energy is a defi ning feature of modern 
life. Whether as individuals, communities 
or economies we depend on convenient, 
reliable and affordable energy – for power, 
heating, industry and transport. With 
growing world population and economic 
development more energy is required but 
we must fi nd more sustainable ways of 
producing it. 

The transition to a low carbon future
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Syllabus References
The main syllabus references for the lesson are:
Leaving Certifi cate Geography

• The use of renewable and non-renewable resources in the 
economy. 

• The impact of the burning of fossil fuels and the use of 
alternative energy sources. Production and consumption of 
energy — appropriate European examples. (p.26)

Leaving Certifi cate Chemistry
• Sources of Hydrocarbons: Coal, natural gas and petroleum 

as sources of hydrocarbons.
• Exothermic and Endothermic Reactions: Combustion of 

alkanes and other hydrocarbons.
• Heats of combustion of different fuels. (p.16)

Science and Technology in Action is also widely used by 
Transition Year classes.

Student Activities
In the following questions you may 
assume for simplicity that natural gas 
is just methane, that fuel oil is just 
decane and that coal is 90% carbon 
and 5% hydrogen.

1.  Write a balanced equation for the 
combustion of methane.

2.  Calculate the mass of carbon dioxide produced when one mole 
of methane (i.e. 16 g) is burned.

3. How much CO2 is produced in burning 1 kg of natural gas?
4. How much energy is produced in burning 1 kg of natural gas?
5. How much CO2 is produced in burning 1 kg of fuel oil?
6. How much energy is produced in burning 1 kg of fuel oil?
7. How much energy is produced in burning 1 kg of hydrogen?

More challenging questions:
8. How much energy is produced in burning 1 kg of coal?
9.  For each of the four fuels, calculate how much would need to be 

burned to produce 1 GJ (1 gigajoule = 109 joules)
10.  Calculate and graph how much CO2 is formed in the combustion 

of natural gas, fuel oil and coal in order to produce 1 GJ
Some answers: Q.3: 55.6MJ; Q.6: 47.7 MJ; Q.7: 120 MJ; 
Q.8: 33.4 MJ; Q.9: 18, 21, 30 & 8 kg; Q.10: 49, 65 & 109 kg

Did You Know?
Carbon Capture and Storage (CCS)
• Carbon capture and storage (CCS) technology developed by 

Shell Cansolv is used at the Boundary Dam power station in 
Saskatchewan, Canada. It is Saskpower’s largest coal-fi red 
power station and a signifi cant source of power for the region. 
Both SO2 and CO2 are captured from the power station.

• CCS is already being used around the world to capture CO2 
from power generation 
and industrial processes 
with around 25 million 
tonnes of CO2 captured 
and stored globally each 
year. Many companies 
have further CCS projects 
in development. There is 
considerable potential for 
the future use of CCS in a 
variety of industrial sectors including power, iron and steel.

Historical Note
Early use of gas
In 1825 gas lighting was introduced in Cork and Dublin. 
A lamplighter was employed to keep the lamps in working order, 
to light them individually every evening and to extinguish them 
every morning. Widespread use of gas for domestic lighting 
and cooking did not occur until the 1890s. During the 20th 
century public gas lights were gradually replaced by electric 
lighting but a few were still in use up to the 1950s. 

This  so-called ‘town gas’ gas was produced by heating coal 
in the absence of oxygen. It was a mixture of hydrogen, carbon 
monoxide and methane and was quite poisonous. Following 
the discovery of gas reserves off Kinsale in 1971, natural 
gas began to replace ‘town gas’ around the country in the 
1980s. The Corrib gas fi eld, which is operated by Shell, began 
supplying Ireland’s gas grid in 2015. It currently provides about 
half the country’s gas requirements. 

Learning Outcomes
On completion of this lesson, students should be able to: 
• explain what is meant by ‘a low carbon future’
• outline the main goals of Government white paper: Ireland’s 

Transition to a Low Carbon Energy Future 2015-2030
• explain why we need to reduce carbon based fuels
• outline how increased atmospheric CO2 reduces ocean pH
• describe steps that are necessary to reduce atmospheric CO2

• explain why natural gas is a better fuel than coal
• outline the EU targets for a low carbon future.

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

• Natural gas produces less CO2 than oil or coal for the same 
energy output. 

• In Ireland 20% of our electricity is generated from combustion of 
coal. Globally it is 40%.

• Energy intensity is the number of units of energy per unit of gross 
domestic product (GDP). The lower the value the better.

• The achievement of the energy and emissions targets will take 
several decades.

• Ireland has a target of a 20% improvement in energy effi ciency by 
2020. In 2014, we were not quite halfway there. 

• Even if we achieve net-zero emissions the global temperature is 
still expected to rise 2–3 °C by 2100.

True/False Questions
a) At present about 50% of the country’s energy 

requirement comes from fossil fuels. T F
b) Combustion of natural gas produces less CO2 

per unit of energy than coal or oil. T F
c) An increase in atmospheric CO2 reduces the pH 

of the sea below 7. T F
d) Ireland has set a target of a 20% improvement 

in energy effi ciency by 2020. T F
e) Globally, 25% of electricity is generated using coal.  T F
f) Combustion of natural gas produces much lower 

amounts of sulfur dioxide and other pollutants than 
coal or oil.  T F

g) Globally more energy will be required in the future. T F
h) Even if we achieve zero carbon emissions global 

temperature is still expected to rise 2–3 °C by 2100 T F
i) By 2050 50% of the world’s population will live in cities. T F
j) Ireland has a target of a 20% improvement in energy 

effi ciency by 2020. 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.

acidity, bioenergy, biomass, carbon capture and storage, 
competitiveness, emissions trading system, energy effi ciency, 
energy intensity, energy sector, fl ue gases, greenhouse gas, gross 
domestic product, kilograms of oil equivalent, LED, MW, natural gas, 
NOx, pH, pollutants, ppm, PV, security of supply, SO2 , sulfur dioxide, 
sustainability, sustainable, white paper.

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

Examination Questions 
Leaving Certifi cate Chemistry (HL) 2015, Q. 11 c
‘ Ireland is facing signifi cant challenges in meeting its EU future 
emissions targets for greenhouse gases under the EU Climate 
and Energy package for 2020.’ (www.epa.ie)
(i)  Explain the term ‘greenhouse gases’. 
(ii)  State one global climate change implication of failure to control 

greenhouse gas emissions. 
(iii)  Arrange water vapour, methane, carbon dioxide and 

a typical chlorofl uorocarbon, in order of their increasing 
greenhouse factors.

 Which of these gases contributes most to the greenhouse 
effect?

 Describe one way that chlorofl uorocarbons are broken down 
in the stratosphere.

(iv)  Suggest two ways by which Ireland could reduce its emissions 
of greenhouse gases.

Leaving Certifi cate Geography (HL) 2008, Q. 11 c
In 2007 former US Vice-President Al Gore and the UN Climate 
Change Committee were awarded the Nobel Peace Prize for their 
work in highlighting climate change. Al Gore has stressed the need 
to control global carbon dioxide emissions.  
Carbon dioxide is a greenhouse gas and an acidic oxide.
(i)  Explain the terms greenhouse gas and acidic oxide
(ii)  State two major ways by which human activities contribute 

to the addition of carbon dioxide to the atmosphere.
(iii)  Carbon dioxide is removed from the atmosphere when 

it dissolves in rainwater, in seas, in lakes, etc. What three 
chemical species form as a result of carbon dioxide gas 
dissolving in water?

(iv)  Acidic oxides can be removed from waste gases by scrubbers 
in chimneys before the gases are released into the atmosphere. 
Name a reagent used in scrubbers to remove acidic oxides.

Leaving Certifi cate Chemistry (HL) 2004, Q. 6
(a)  Defi ne  (i) heat of formation of a substance, 

  (ii) octane number of a fuel. 
(b)  The combustion of methane is described by the following 

balanced equation. 
CH4(g) + 2O2(g) CO2(g) + 2H2O(l)           ΔH = − 890.4 kJ mol−1

 The standard heats of formation of carbon dioxide and water 
are −394 and −286 kJ mol−1 respectively. Calculate the heat 
of formation of methane. 

(c)  Methane is an excellent fuel. Give two properties of methane 
which account for its usefulness as a fuel. Natural gas is a 
rich source of methane. Why are mercaptans often added to 
natural gas?

(d)  Methane is often found in gas fi elds which occur in 
association with crude oil deposits. Crude oil is fractionated 
in order to obtain more useful products. Outline clearly how 
the fractionation process is carried out. 

(e)  Identify two structural features of a hydrocarbon fuel that 
affect its octane number.

Heats of combustion 
in kJ mol−1

 Methane 890
 Decane 6780
 Carbon 390
 Hydrogen 240
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• Natural gas produces less CO2 than oil or coal for the same 
energy output. 

• In Ireland 20% of our electricity is generated from combustion of 
coal. Globally it is 40%.

• Energy intensity is the number of units of energy per unit of gross 
domestic product (GDP). The lower the value the better.

• The achievement of the energy and emissions targets will take 
several decades.

• Ireland has a target of a 20% improvement in energy effi ciency by 
2020. In 2014, we were not quite halfway there. 

• Even if we achieve net-zero emissions the global temperature is 
still expected to rise 2–3 °C by 2100.

True/False Questions
a) At present about 50% of the country’s energy 

requirement comes from fossil fuels. T F
b) Combustion of natural gas produces less CO2 

per unit of energy than coal or oil. T F
c) An increase in atmospheric CO2 reduces the pH 

of the sea below 7. T F
d) Ireland has set a target of a 20% improvement 

in energy effi ciency by 2020. T F
e) Globally, 25% of electricity is generated using coal.  T F
f) Combustion of natural gas produces much lower 

amounts of sulfur dioxide and other pollutants than 
coal or oil.  T F

g) Globally more energy will be required in the future. T F
h) Even if we achieve zero carbon emissions global 

temperature is still expected to rise 2–3 °C by 2100 T F
i) By 2050 50% of the world’s population will live in cities. T F
j) Ireland has a target of a 20% improvement in energy 

effi ciency by 2020. 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.

acidity, bioenergy, biomass, carbon capture and storage, 
competitiveness, emissions trading system, energy effi ciency, 
energy intensity, energy sector, fl ue gases, greenhouse gas, gross 
domestic product, kilograms of oil equivalent, LED, MW, natural gas, 
NOx, pH, pollutants, ppm, PV, security of supply, SO2 , sulfur dioxide, 
sustainability, sustainable, white paper.

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

Examination Questions 
Leaving Certifi cate Chemistry (HL) 2015, Q. 11 c
‘ Ireland is facing signifi cant challenges in meeting its EU future 
emissions targets for greenhouse gases under the EU Climate 
and Energy package for 2020.’ (www.epa.ie)
(i)  Explain the term ‘greenhouse gases’. 
(ii)  State one global climate change implication of failure to control 

greenhouse gas emissions. 
(iii)  Arrange water vapour, methane, carbon dioxide and 

a typical chlorofl uorocarbon, in order of their increasing 
greenhouse factors.

 Which of these gases contributes most to the greenhouse 
effect?

 Describe one way that chlorofl uorocarbons are broken down 
in the stratosphere.

(iv)  Suggest two ways by which Ireland could reduce its emissions 
of greenhouse gases.

Leaving Certifi cate Geography (HL) 2008, Q. 11 c
In 2007 former US Vice-President Al Gore and the UN Climate 
Change Committee were awarded the Nobel Peace Prize for their 
work in highlighting climate change. Al Gore has stressed the need 
to control global carbon dioxide emissions.  
Carbon dioxide is a greenhouse gas and an acidic oxide.
(i)  Explain the terms greenhouse gas and acidic oxide
(ii)  State two major ways by which human activities contribute 

to the addition of carbon dioxide to the atmosphere.
(iii)  Carbon dioxide is removed from the atmosphere when 

it dissolves in rainwater, in seas, in lakes, etc. What three 
chemical species form as a result of carbon dioxide gas 
dissolving in water?

(iv)  Acidic oxides can be removed from waste gases by scrubbers 
in chimneys before the gases are released into the atmosphere. 
Name a reagent used in scrubbers to remove acidic oxides.

Leaving Certifi cate Chemistry (HL) 2004, Q. 6
(a)  Defi ne  (i) heat of formation of a substance, 

  (ii) octane number of a fuel. 
(b)  The combustion of methane is described by the following 

balanced equation. 
CH4(g) + 2O2(g) CO2(g) + 2H2O(l)           ΔH = − 890.4 kJ mol−1

 The standard heats of formation of carbon dioxide and water 
are −394 and −286 kJ mol−1 respectively. Calculate the heat 
of formation of methane. 

(c)  Methane is an excellent fuel. Give two properties of methane 
which account for its usefulness as a fuel. Natural gas is a 
rich source of methane. Why are mercaptans often added to 
natural gas?

(d)  Methane is often found in gas fi elds which occur in 
association with crude oil deposits. Crude oil is fractionated 
in order to obtain more useful products. Outline clearly how 
the fractionation process is carried out. 

(e)  Identify two structural features of a hydrocarbon fuel that 
affect its octane number.

Heats of combustion 
in kJ mol−1

 Methane 890
 Decane 6780
 Carbon 390
 Hydrogen 240
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Syllabus References
The main syllabus references for the lesson are:
Leaving Certifi cate Geography

• The use of renewable and non-renewable resources in the 
economy. 

• The impact of the burning of fossil fuels and the use of 
alternative energy sources. Production and consumption of 
energy — appropriate European examples. (p.26)

Leaving Certifi cate Chemistry
• Sources of Hydrocarbons: Coal, natural gas and petroleum 

as sources of hydrocarbons.
• Exothermic and Endothermic Reactions: Combustion of 

alkanes and other hydrocarbons.
• Heats of combustion of different fuels. (p.16)

Science and Technology in Action is also widely used by 
Transition Year classes.

Student Activities
In the following questions you may 
assume for simplicity that natural gas 
is just methane, that fuel oil is just 
decane and that coal is 90% carbon 
and 5% hydrogen.

1.  Write a balanced equation for the 
combustion of methane.

2.  Calculate the mass of carbon dioxide produced when one mole 
of methane (i.e. 16 g) is burned.

3. How much CO2 is produced in burning 1 kg of natural gas?
4. How much energy is produced in burning 1 kg of natural gas?
5. How much CO2 is produced in burning 1 kg of fuel oil?
6. How much energy is produced in burning 1 kg of fuel oil?
7. How much energy is produced in burning 1 kg of hydrogen?

More challenging questions:
8. How much energy is produced in burning 1 kg of coal?
9.  For each of the four fuels, calculate how much would need to be 

burned to produce 1 GJ (1 gigajoule = 109 joules)
10.  Calculate and graph how much CO2 is formed in the combustion 

of natural gas, fuel oil and coal in order to produce 1 GJ
Some answers: Q.3: 55.6MJ; Q.6: 47.7 MJ; Q.7: 120 MJ; 
Q.8: 33.4 MJ; Q.9: 18, 21, 30 & 8 kg; Q.10: 49, 65 & 109 kg

Did You Know?
Carbon Capture and Storage (CCS)
• Carbon capture and storage (CCS) technology developed by 

Shell Cansolv is used at the Boundary Dam power station in 
Saskatchewan, Canada. It is Saskpower’s largest coal-fi red 
power station and a signifi cant source of power for the region. 
Both SO2 and CO2 are captured from the power station.

• CCS is already being used around the world to capture CO2 
from power generation 
and industrial processes 
with around 25 million 
tonnes of CO2 captured 
and stored globally each 
year. Many companies 
have further CCS projects 
in development. There is 
considerable potential for 
the future use of CCS in a 
variety of industrial sectors including power, iron and steel.

Historical Note
Early use of gas
In 1825 gas lighting was introduced in Cork and Dublin. 
A lamplighter was employed to keep the lamps in working order, 
to light them individually every evening and to extinguish them 
every morning. Widespread use of gas for domestic lighting 
and cooking did not occur until the 1890s. During the 20th 
century public gas lights were gradually replaced by electric 
lighting but a few were still in use up to the 1950s. 

This  so-called ‘town gas’ gas was produced by heating coal 
in the absence of oxygen. It was a mixture of hydrogen, carbon 
monoxide and methane and was quite poisonous. Following 
the discovery of gas reserves off Kinsale in 1971, natural 
gas began to replace ‘town gas’ around the country in the 
1980s. The Corrib gas fi eld, which is operated by Shell, began 
supplying Ireland’s gas grid in 2015. It currently provides about 
half the country’s gas requirements. 

Learning Outcomes
On completion of this lesson, students should be able to: 
• explain what is meant by ‘a low carbon future’
• outline the main goals of Government white paper: Ireland’s 

Transition to a Low Carbon Energy Future 2015-2030
• explain why we need to reduce carbon based fuels
• outline how increased atmospheric CO2 reduces ocean pH
• describe steps that are necessary to reduce atmospheric CO2

• explain why natural gas is a better fuel than coal
• outline the EU targets for a low carbon future.

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

• Natural gas produces less CO2 than oil or coal for the same 
energy output. 

• In Ireland 20% of our electricity is generated from combustion of 
coal. Globally it is 40%.

• Energy intensity is the number of units of energy per unit of gross 
domestic product (GDP). The lower the value the better.

• The achievement of the energy and emissions targets will take 
several decades.

• Ireland has a target of a 20% improvement in energy effi ciency by 
2020. In 2014, we were not quite halfway there. 

• Even if we achieve net-zero emissions the global temperature is 
still expected to rise 2–3 °C by 2100.

True/False Questions
a) At present about 50% of the country’s energy 

requirement comes from fossil fuels. T F
b) Combustion of natural gas produces less CO2 

per unit of energy than coal or oil. T F
c) An increase in atmospheric CO2 reduces the pH 

of the sea below 7. T F
d) Ireland has set a target of a 20% improvement 

in energy effi ciency by 2020. T F
e) Globally, 25% of electricity is generated using coal.  T F
f) Combustion of natural gas produces much lower 

amounts of sulfur dioxide and other pollutants than 
coal or oil.  T F

g) Globally more energy will be required in the future. T F
h) Even if we achieve zero carbon emissions global 

temperature is still expected to rise 2–3 °C by 2100 T F
i) By 2050 50% of the world’s population will live in cities. T F
j) Ireland has a target of a 20% improvement in energy 

effi ciency by 2020. 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.

acidity, bioenergy, biomass, carbon capture and storage, 
competitiveness, emissions trading system, energy effi ciency, 
energy intensity, energy sector, fl ue gases, greenhouse gas, gross 
domestic product, kilograms of oil equivalent, LED, MW, natural gas, 
NOx, pH, pollutants, ppm, PV, security of supply, SO2 , sulfur dioxide, 
sustainability, sustainable, white paper.

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

Examination Questions 
Leaving Certifi cate Chemistry (HL) 2015, Q. 11 c
‘ Ireland is facing signifi cant challenges in meeting its EU future 
emissions targets for greenhouse gases under the EU Climate 
and Energy package for 2020.’ (www.epa.ie)
(i)  Explain the term ‘greenhouse gases’. 
(ii)  State one global climate change implication of failure to control 

greenhouse gas emissions. 
(iii)  Arrange water vapour, methane, carbon dioxide and 

a typical chlorofl uorocarbon, in order of their increasing 
greenhouse factors.

 Which of these gases contributes most to the greenhouse 
effect?

 Describe one way that chlorofl uorocarbons are broken down 
in the stratosphere.

(iv)  Suggest two ways by which Ireland could reduce its emissions 
of greenhouse gases.

Leaving Certifi cate Geography (HL) 2008, Q. 11 c
In 2007 former US Vice-President Al Gore and the UN Climate 
Change Committee were awarded the Nobel Peace Prize for their 
work in highlighting climate change. Al Gore has stressed the need 
to control global carbon dioxide emissions.  
Carbon dioxide is a greenhouse gas and an acidic oxide.
(i)  Explain the terms greenhouse gas and acidic oxide
(ii)  State two major ways by which human activities contribute 

to the addition of carbon dioxide to the atmosphere.
(iii)  Carbon dioxide is removed from the atmosphere when 

it dissolves in rainwater, in seas, in lakes, etc. What three 
chemical species form as a result of carbon dioxide gas 
dissolving in water?

(iv)  Acidic oxides can be removed from waste gases by scrubbers 
in chimneys before the gases are released into the atmosphere. 
Name a reagent used in scrubbers to remove acidic oxides.

Leaving Certifi cate Chemistry (HL) 2004, Q. 6
(a)  Defi ne  (i) heat of formation of a substance, 

  (ii) octane number of a fuel. 
(b)  The combustion of methane is described by the following 

balanced equation. 
CH4(g) + 2O2(g) CO2(g) + 2H2O(l)           ΔH = − 890.4 kJ mol−1

 The standard heats of formation of carbon dioxide and water 
are −394 and −286 kJ mol−1 respectively. Calculate the heat 
of formation of methane. 

(c)  Methane is an excellent fuel. Give two properties of methane 
which account for its usefulness as a fuel. Natural gas is a 
rich source of methane. Why are mercaptans often added to 
natural gas?

(d)  Methane is often found in gas fi elds which occur in 
association with crude oil deposits. Crude oil is fractionated 
in order to obtain more useful products. Outline clearly how 
the fractionation process is carried out. 

(e)  Identify two structural features of a hydrocarbon fuel that 
affect its octane number.
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