
CO2 and the greenhouse effect
The natural greenhouse effect makes the Earth habitable. However, 
the extra CO2 that we have added to the atmosphere has caused 
an enhanced greenhouse effect and raised the global average 
temperature from 14°C to 15°C. This seemingly small change has 
already upset the natural climate balance and has given rise to more 
extreme weather events, melting of ice caps and rising sea levels. 
We cannot afford to continue with ‘business as usual’. 

Striking a balance
We must lessen our dependence on imported fossil fuels, reduce our 
carbon emissions, and embrace the transition to a sustainable, low 
carbon future. However, our ability to attract and retain investment 
and build Irish enterprise depends on our ability to guarantee a reliable 
supply of energy, at competitive cost. The transition to a low-carbon 
future must therefore ensure security of supply and competitiveness. 

The targets
The targets are steps on the road to a carbon-free future.
• 2013-2020 targets (EU growth strategy Europe 2020)
• 2030 targets (based on the overall EU target, 2014)
• 2050 targets (European Commission’s Energy Roadmap 2050).

The current focus is on the 2020 targets:
• 16% of our gross fi nal energy consumption to be derived from 

RES (renewable energy sources)
• 20% improvement in energy effi ciency
• 20% reduction in non-ETS emissions* compared to 2005 levels. 

Our gross energy consumption is divided between electricity 
generation, transport and heating (roughly 22%, 38% and 40%). 
So, although 25% of our electricity is currently derived from RES only 
about 2.5% of transport and 1% of heating are from RES. Overall 
over 9% of our gross energy comes from RES so we are more than 
half way towards meeting our 2020 target of 16%. (See graph below) 
Ireland’s 2020 energy target is divided as follows between electricity, 
transport and heating: 40% RES-E, 10% RES-T, 12% RES-H.
(22% × 40% + 38% × 10% + 40% × 12% ≈ 17%).

In Ireland since 2005 there has been a dramatic increase in the 
use of RES in electricity 
generation, transport and 
heating as shown in the 
graph (right). More remains 
to be done, however, if the 
targets are to be achieved. 
We can also reduce demand 
by improving effi ciency and 
avoiding loss. 

Renewable electricity generation
Electricity generated from wind and hydro in 2016 accounted 
for 21.1% and 2.5%, respectively, of Ireland’s gross electrical 
consumption. Biomass and renewable waste accounted for 1.0%, 
landfi ll gas for 0.6%, biogas for 1.0% and 0.01% from solar.

The installed capacity of wind turbines is about 2500 MW (in 2015) 
with about 220 MW extra capacity added each year. However, it is 
estimated that between 250 MW and 300 MW would need to be 
added each year to achieve the 2020 target. A disadvantage of wind 
energy is that it is weather dependent. Typically, the annual output is 
about 30% of the maximum possible; this value is called the capacity 
factor. The monthly capacity factor can sometimes exceed 50%. 
One particular advantage of wind energy is that it is generally more 
available in the colder months when demand is highest.

Solar PV (photovoltaic) currently makes only a small contribution 
to our energy needs (0.01%). However, as its use increases prices 
are expected to fall making it more competitive. A disadvantage of 
solar PV is that it can only work in bright daylight. Also, the output is 
highest in the summer when the demand is lowest.

Solar PV has a number of advantages that make it ideal in certain 
situations. PV installations can be large or small, they can be 
installed in places that are not connected to the grid and they have 
no moving parts and so need little or no maintenance. Typical 
applications include: environmental monitoring, parking meters, 
lighting (e.g. paths, bus stops), emergency phones, traffi c warning 
signs, marine lighting, buoys, remote hostels, camping etc. In all 
these applications PV is used to charge batteries.

Although there are no large scale PV installations in Ireland at 
present ESB plans to construct four with a total installed output 570 
MW, i.e. enough to power over 100,000 homes.

Transport
Currently about 97% of transport energy requirement comes from 
fossil fuels, mainly diesel, petrol and LPG. To comply with the 
Biofuels Obligation Scheme 8.7% of liquid motor fuels must be 
derived from renewable sources such as ethanol or biodiesel. 

The number of electric vehicles, while still small, is growing rapidly 
and is expected to reach 30% of all car sales by 2020. ESB has 
installed 1,200 charge points for e-cars throughout the country.

Energy effi cient homes
An energy effi cient home is one in which practical steps have been 
taken to reduce its energy requirement and limit energy loss. The 
largest single domestic use of energy is for heating — space heating 
as distinct from cooking. This typically accounts for more than 40% 
of the domestic energy. The heating requirement can be reduced 
substantially in many ways but particularly by draft proofi ng, using 
high quality insulation and installation of renewable energy sources 
such as solar heating. 

Further information can be found in the following documents:
• Ireland’s Transition to a Low Carbon Energy Future, 2015-2030
• Renewable Electricity in Ireland 2015 (SEAI)
• Photovoltaics (PV) (SEAI)

Find this and other lessons on www.sta.ie

Electricity Supply Board (ESB) was established in 1927 as 
a statutory corporation in the Republic of Ireland under the 
Electricity (Supply) Act 1927. With a holding of 95%, ESB is 
majority owned by the Irish Government with the remaining 
5% held by the trustees of an Employee Share Ownership Plan. 

As a strong, diversifi ed, vertically integrated utility, ESB 
operates right across the electricity market: from generation, 
through transmission and distribution to supply. In addition, 
ESB extracts further value at certain points along this 
chain: supplying gas, using our networks to carry fi bre for 
telecommunications, developing electric vehicle public 
charging infrastructure and more.

ESB is a leading Irish utility focused on providing excellent 
customer service and maintaining our fi nancial strength. 
It has a regulated asset base of approximately €9 billion 
with 43% of electricity generation capacity in the all-island 
market. It currently supplies electricity to approximately 
2.3 million customers throughout the island of Ireland. 
ESB Group employs approximately 7,000 people.

Its mission is to bring sustainable and competitive energy 
solutions to all its customers and its vision is to be Ireland’s 
foremost energy company competing successfully in the 
all-island market.

You can fi nd out more about the work of ESB at www.esb.ie

Future energy requirements in Ireland
Over the next eight years or so the demand for electricity in Ireland 
(NI and ROI) is expected to rise by between approximately 8% 
and 27%, based 
on economic 
assumptions. The 
current total annual 
demand is about 37 
TWh (terrawatt-hours; 
1 TW = 1012 W = 106 
MW). It is expected 
that there will be a 
large increase in the 
establishment and 
expansion of data 
centres in Ireland and 
that this will be the 
main contributor to the 
increased demand for 
electricity. Relatively 
small increases 
are anticipated in 
residential, industrial 
and commercial 
demand over the same period.

How is the demand met at present?
In 2016 the total (all-island) demand 
was 37.6 TWh. Of this 25% was 
generated from renewable sources 
(mainly wind) and 75% from fossil 
fuels (principally natural gas).

The peak demand occurs during 
winter weekday evenings while 
the minimum usage occurs during 
summer weekend night-time hours.

Severe winters have a signifi cant 
effect on demand as happened in 
2010 and 2011.

A low carbon future 
The Government White Paper entitled Ireland’s Transition to a Low 
Carbon Energy Future, 2015-2030 set 
out “a vision for transforming Ireland’s 
fossil fuel-based energy sector into a 
clean, low carbon system by 2050”.

Fossil fuels are composed of carbon 
compounds, especially hydrocarbons, 
and when they are burned they produce 
mainly carbon dioxide and water. Since 
the beginning of the Industrial Revolution 
(ca. 1760) the concentration of CO2 in the 
atmosphere rose from 280 to 400 ppm.
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an enhanced greenhouse effect and raised the global average 
temperature from 14°C to 15°C. This seemingly small change has 
already upset the natural climate balance and has given rise to more 
extreme weather events, melting of ice caps and rising sea levels. 
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So, although 25% of our electricity is currently derived from RES only 
about 2.5% of transport and 1% of heating are from RES. Overall 
over 9% of our gross energy comes from RES so we are more than 
half way towards meeting our 2020 target of 16%. (See graph below) 
Ireland’s 2020 energy target is divided as follows between electricity, 
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(22% × 40% + 38% × 10% + 40% × 12% ≈ 17%).

In Ireland since 2005 there has been a dramatic increase in the 
use of RES in electricity 
generation, transport and 
heating as shown in the 
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to be done, however, if the 
targets are to be achieved. 
We can also reduce demand 
by improving effi ciency and 
avoiding loss. 

Renewable electricity generation
Electricity generated from wind and hydro in 2016 accounted 
for 21.1% and 2.5%, respectively, of Ireland’s gross electrical 
consumption. Biomass and renewable waste accounted for 1.0%, 
landfi ll gas for 0.6%, biogas for 1.0% and 0.01% from solar.

The installed capacity of wind turbines is about 2500 MW (in 2015) 
with about 220 MW extra capacity added each year. However, it is 
estimated that between 250 MW and 300 MW would need to be 
added each year to achieve the 2020 target. A disadvantage of wind 
energy is that it is weather dependent. Typically, the annual output is 
about 30% of the maximum possible; this value is called the capacity 
factor. The monthly capacity factor can sometimes exceed 50%. 
One particular advantage of wind energy is that it is generally more 
available in the colder months when demand is highest.

Solar PV (photovoltaic) currently makes only a small contribution 
to our energy needs (0.01%). However, as its use increases prices 
are expected to fall making it more competitive. A disadvantage of 
solar PV is that it can only work in bright daylight. Also, the output is 
highest in the summer when the demand is lowest.

Solar PV has a number of advantages that make it ideal in certain 
situations. PV installations can be large or small, they can be 
installed in places that are not connected to the grid and they have 
no moving parts and so need little or no maintenance. Typical 
applications include: environmental monitoring, parking meters, 
lighting (e.g. paths, bus stops), emergency phones, traffi c warning 
signs, marine lighting, buoys, remote hostels, camping etc. In all 
these applications PV is used to charge batteries.

Although there are no large scale PV installations in Ireland at 
present ESB plans to construct four with a total installed output 570 
MW, i.e. enough to power over 100,000 homes.

Transport
Currently about 97% of transport energy requirement comes from 
fossil fuels, mainly diesel, petrol and LPG. To comply with the 
Biofuels Obligation Scheme 8.7% of liquid motor fuels must be 
derived from renewable sources such as ethanol or biodiesel. 

The number of electric vehicles, while still small, is growing rapidly 
and is expected to reach 30% of all car sales by 2020. ESB has 
installed 1,200 charge points for e-cars throughout the country.

Energy effi cient homes
An energy effi cient home is one in which practical steps have been 
taken to reduce its energy requirement and limit energy loss. The 
largest single domestic use of energy is for heating — space heating 
as distinct from cooking. This typically accounts for more than 40% 
of the domestic energy. The heating requirement can be reduced 
substantially in many ways but particularly by draft proofi ng, using 
high quality insulation and installation of renewable energy sources 
such as solar heating. 

Further information can be found in the following documents:
• Ireland’s Transition to a Low Carbon Energy Future, 2015-2030
• Renewable Electricity in Ireland 2015 (SEAI)
• Photovoltaics (PV) (SEAI)

Find this and other lessons on www.sta.ie

Electricity Supply Board (ESB) was established in 1927 as 
a statutory corporation in the Republic of Ireland under the 
Electricity (Supply) Act 1927. With a holding of 95%, ESB is 
majority owned by the Irish Government with the remaining 
5% held by the trustees of an Employee Share Ownership Plan. 

As a strong, diversifi ed, vertically integrated utility, ESB 
operates right across the electricity market: from generation, 
through transmission and distribution to supply. In addition, 
ESB extracts further value at certain points along this 
chain: supplying gas, using our networks to carry fi bre for 
telecommunications, developing electric vehicle public 
charging infrastructure and more.

ESB is a leading Irish utility focused on providing excellent 
customer service and maintaining our fi nancial strength. 
It has a regulated asset base of approximately €9 billion 
with 43% of electricity generation capacity in the all-island 
market. It currently supplies electricity to approximately 
2.3 million customers throughout the island of Ireland. 
ESB Group employs approximately 7,000 people.

Its mission is to bring sustainable and competitive energy 
solutions to all its customers and its vision is to be Ireland’s 
foremost energy company competing successfully in the 
all-island market.

You can fi nd out more about the work of ESB at www.esb.ie

Future energy requirements in Ireland
Over the next eight years or so the demand for electricity in Ireland 
(NI and ROI) is expected to rise by between approximately 8% 
and 27%, based 
on economic 
assumptions. The 
current total annual 
demand is about 37 
TWh (terrawatt-hours; 
1 TW = 1012 W = 106 
MW). It is expected 
that there will be a 
large increase in the 
establishment and 
expansion of data 
centres in Ireland and 
that this will be the 
main contributor to the 
increased demand for 
electricity. Relatively 
small increases 
are anticipated in 
residential, industrial 
and commercial 
demand over the same period.

How is the demand met at present?
In 2016 the total (all-island) demand 
was 37.6 TWh. Of this 25% was 
generated from renewable sources 
(mainly wind) and 75% from fossil 
fuels (principally natural gas).

The peak demand occurs during 
winter weekday evenings while 
the minimum usage occurs during 
summer weekend night-time hours.

Severe winters have a signifi cant 
effect on demand as happened in 
2010 and 2011.

A low carbon future 
The Government White Paper entitled Ireland’s Transition to a Low 
Carbon Energy Future, 2015-2030 set 
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Syllabus References
The main syllabus references for the lesson are:
Leaving Certifi cate Technology (p. 24)
Energy and Energy Conservation; Electricity
• sources of energy – renewable and non-renewable
• energy transformation; the cost of energy; energy effi ciency
• electricity as a form of energy distribution
• basic electrical concepts; the difference between AC and DC

Leaving Certifi cate Physics (p. 27)
• Energy conversions. Principle of conservation of energy
• Effi cient use of energy in the home
• Power of devices, e.g. light bulbs, motors, etc.

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

Student Activities
1. The total installed electricity generating capacity in Ireland 

(all-island) is about 10,400 MW (megawatt). Running at full 
power how much energy would this generate in a year? Give 
your answer in MWh and TWh. (Remember: 24 h/d; 365 d/yr)

2. The average onshore wind turbine has an output of about 2.5 
MW. Assuming a capacity factor of 30%, how much energy 
would it produce in a year?

3. The ideal wind speed for wind turbines is about 12 m s−1 
(≈ 44 km/h). The mass of a cubic metre of air is about 1.2 kg. 
When it is moving it therefore has kinetic energy. (K.E. = m v2). 
Show that the kinetic energy of a cubic metre of air moving at 
12 m s−1 is approximately 85 joules.

4. At a speed of 12 m s−1 what volume of air fl ows, in one second, 
through a wind turbine whose radius is 15 m? 
What is the total kinetic energy of this mass of air?
If a wind turbine extracts 40% of this energy calculate its power.

5. At midday on the equator the solar radiation is approximately 
1000 watts per square metre. In summer in Ireland the 
maximum solar 
radiation is about 900 
W m−2. How much 
energy could this 
provide in 6 hours. 
Give your answer in 
kilowatt-hours?

Did You Know?
• ESB was established 90 years ago (1927). Today it is 95% 

owned by the Irish Government and 5% by the trustees of 
an Employee Share Ownership Plan.

• ESB employs approximately 7,000 people and supplies 
electricity to 2.3 million customers.

• In 1946 the rural electrifi cation began, greatly improving 
the living condition in 400,000 homes.

• In 1975 ESB International was established. Since then 
it has completed projects in more than 120 countries.

• In 1998 ESB opened its fi rst wind farm in Crockahenny, 
Co Donegal, with a capacity of 5 MW. 

• In 2010 ESB acquired Northern Ireland Electricity Networks.
• in 2011 Electric Ireland was set up as the retail division of 

ESB, supplying energy to business and homes in the island 
of Ireland. 

• Today ESB is involved in the planning and construction 
of large scale solar energy facilities.

Biographical Note
Arthur Rosenfeld (1926 – 2017)
Arthur Rosenfeld is credited with developing new standards that 
helped improve energy effi ciency in California and beyond.
He earned his fi rst degree at the age of 17. Later he studied 
under Enrico Fermi, with whom he coauthored a book on 
nuclear physics. In 1954 he became professor of physics at the 
University of California at Berkeley. 

After the 1973 oil crisis he turned his attention to energy effi ciency. 
He showed that if energy saving measures were implemented 
more power stations would not be necessary in California. 
In 1978 it was the fi rst US state to introduce an energy effi ciency 
building code. Since the 1970s the energy per capita in 
California has remained stable while in the rest of the US it has 
risen about 50%. Rosenfeld showed that simple steps, such as 
turning off unnecessary lights, would all add up to signifi cant 
savings. His basic principle was: “Conserving energy is cheaper 
and smarter than building power plants.” 
(For more on Rosenfeld see Wikipedia.)

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

• explain why there is a need to reduce fossil fuel use
• describe the expected trend in future electricity demand
• describe the current energy mix in Ireland and the 2020 targets
• outline the main steps that must be taken to meet the 2020 

targets for electricity, transport and heating
• Outline the progress that has been made in the application 

of renewable energy sources
• outline what energy saving steps households can take.

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

• The increasing number of data centres will be a major contributor 
to the growth in demand for electricity of between 8% and 27%. 
However, increasing use of renewable energy sources will reduce 
CO2 emissions.

• The peak electricity demand occurs on cold winter evenings.
• Currently about 25% of our electricity is from renewable sources. 

The 2020 target is 40%, shared between electricity generation, 
transport and heating.

• The goal in the Government’s White Paper is for greater use of 
renewables, improved effi ciency and more widespread use of 
electricity for transport and heating.

• The largest single domestic use of energy is for heating. This 
can be greatly reduced by draft proofi ng, high quality insulation, 
and use of renewable sources such as solar heating.

True/False Questions

a) Over the next eight years electricity demand is 
expected to double. T F

b) In 2016 the total (all-island) electricity demand was 
37.6 TWh. T F

c) About 35% of our total energy comes from renewables. T F
d) The establishment of data centres will cause a slight 

increase in electricity demand. T F
e) About 75% of our current energy comes from fossil fuels. T F
f) The burning of fossil fuels has increased atmospheric 

CO2 by 20%. T F
g) The 2020 targets require a 20% reduction in our total 

energy use. T F
h) The 2020 targets require a 20% improvement in energy 

effi ciency. T F
i) To meet the 2020 targets we need at least 250 MW 

of extra wind power each year. 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.

biogas, biomass, capacity, capacity factor, data centres, emissions, 
enhanced greenhouse effect, fossil fuels, greenhouse effect, 
hydrocarbons, landfi ll gas, LPG, MW, non-ETS emissions, ppm, 
renewable, RES, solar PV, TWh, White Paper.

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

Examination Questions 

Leaving Certifi cate Physics (OL) 2004, Q. 7
• Heat can be transferred by conduction. What is meant by 

conduction? Name two other ways of transferring heat. 
• Describe an experiment to show how different solids conduct 

heat at different rates. 
• The U-value of a house is a measure of the rate of heat loss to 

the surroundings.
• Give two ways in which the U-value of a house can be reduced.

The diagram shows a solar panel (solar heater) which can be 
used in the heating of a house.

• What energy conversion takes 
place in a solar panel?

• Why are the pipes in the solar 
panel usually made from copper?

• Why are the pipes in the solar 
panel usually painted black? 

• Why does warm water rise to the 
top of the solar panel?

Leaving Certifi cate Technology A (OL) 2015, Q. 8
The ESB launched ‘The Great Electric Drive’ to promote greater use 
of electric cars in Ireland.

(i)  Give two advantages of using 
electrically powered cars instead 
of using petrol powered cars.

(ii)  Explain what is meant by a hybrid 
car.

Leaving Certifi cate Technology B (HL) 2017, Q. 2 a
Wind energy is a growing sector in Ireland, creating jobs and 
benefi ting communities. There are 207 wind farms in Ireland with 
an installed capacity of 2527 MW.

(i)  State two advantages of electricity generated from wind power 
over electricity production using fossil fuels.

(ii)  Explain what is meant by an installed capacity of 2527 MW. 
(iii)  State two energy conversions in a wind turbine system.
(iv)  Suggest a method of reducing energy losses due to friction 

as the propeller rotates.

Leaving Certifi cate Technology (HL) 2015, Q. 11 c (part)
(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? 

(iv)  Suggest two ways by which Ireland could reduce its emissions 
of greenhouse gases.
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• Outline the progress that has been made in the application 

of renewable energy sources
• outline what energy saving steps households can take.

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

• The increasing number of data centres will be a major contributor 
to the growth in demand for electricity of between 8% and 27%. 
However, increasing use of renewable energy sources will reduce 
CO2 emissions.

• The peak electricity demand occurs on cold winter evenings.
• Currently about 25% of our electricity is from renewable sources. 

The 2020 target is 40%, shared between electricity generation, 
transport and heating.

• The goal in the Government’s White Paper is for greater use of 
renewables, improved effi ciency and more widespread use of 
electricity for transport and heating.

• The largest single domestic use of energy is for heating. This 
can be greatly reduced by draft proofi ng, high quality insulation, 
and use of renewable sources such as solar heating.

True/False Questions

a) Over the next eight years electricity demand is 
expected to double. T F

b) In 2016 the total (all-island) electricity demand was 
37.6 TWh. T F

c) About 35% of our total energy comes from renewables. T F
d) The establishment of data centres will cause a slight 

increase in electricity demand. T F
e) About 75% of our current energy comes from fossil fuels. T F
f) The burning of fossil fuels has increased atmospheric 

CO2 by 20%. T F
g) The 2020 targets require a 20% reduction in our total 

energy use. T F
h) The 2020 targets require a 20% improvement in energy 

effi ciency. T F
i) To meet the 2020 targets we need at least 250 MW 

of extra wind power each year. 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.

biogas, biomass, capacity, capacity factor, data centres, emissions, 
enhanced greenhouse effect, fossil fuels, greenhouse effect, 
hydrocarbons, landfi ll gas, LPG, MW, non-ETS emissions, ppm, 
renewable, RES, solar PV, TWh, White Paper.

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

Examination Questions 

Leaving Certifi cate Physics (OL) 2004, Q. 7
• Heat can be transferred by conduction. What is meant by 

conduction? Name two other ways of transferring heat. 
• Describe an experiment to show how different solids conduct 

heat at different rates. 
• The U-value of a house is a measure of the rate of heat loss to 

the surroundings.
• Give two ways in which the U-value of a house can be reduced.

The diagram shows a solar panel (solar heater) which can be 
used in the heating of a house.

• What energy conversion takes 
place in a solar panel?

• Why are the pipes in the solar 
panel usually made from copper?

• Why are the pipes in the solar 
panel usually painted black? 

• Why does warm water rise to the 
top of the solar panel?

Leaving Certifi cate Technology A (OL) 2015, Q. 8
The ESB launched ‘The Great Electric Drive’ to promote greater use 
of electric cars in Ireland.

(i)  Give two advantages of using 
electrically powered cars instead 
of using petrol powered cars.

(ii)  Explain what is meant by a hybrid 
car.

Leaving Certifi cate Technology B (HL) 2017, Q. 2 a
Wind energy is a growing sector in Ireland, creating jobs and 
benefi ting communities. There are 207 wind farms in Ireland with 
an installed capacity of 2527 MW.

(i)  State two advantages of electricity generated from wind power 
over electricity production using fossil fuels.

(ii)  Explain what is meant by an installed capacity of 2527 MW. 
(iii)  State two energy conversions in a wind turbine system.
(iv)  Suggest a method of reducing energy losses due to friction 

as the propeller rotates.

Leaving Certifi cate Technology (HL) 2015, Q. 11 c (part)
(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? 

(iv)  Suggest two ways by which Ireland could reduce its emissions 
of greenhouse gases.
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Syllabus References
The main syllabus references for the lesson are:
Leaving Certifi cate Technology (p. 24)
Energy and Energy Conservation; Electricity
• sources of energy – renewable and non-renewable
• energy transformation; the cost of energy; energy effi ciency
• electricity as a form of energy distribution
• basic electrical concepts; the difference between AC and DC

Leaving Certifi cate Physics (p. 27)
• Energy conversions. Principle of conservation of energy
• Effi cient use of energy in the home
• Power of devices, e.g. light bulbs, motors, etc.

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

Student Activities
1. The total installed electricity generating capacity in Ireland 

(all-island) is about 10,400 MW (megawatt). Running at full 
power how much energy would this generate in a year? Give 
your answer in MWh and TWh. (Remember: 24 h/d; 365 d/yr)

2. The average onshore wind turbine has an output of about 2.5 
MW. Assuming a capacity factor of 30%, how much energy 
would it produce in a year?

3. The ideal wind speed for wind turbines is about 12 m s−1 
(≈ 44 km/h). The mass of a cubic metre of air is about 1.2 kg. 
When it is moving it therefore has kinetic energy. (K.E. = m v2). 
Show that the kinetic energy of a cubic metre of air moving at 
12 m s−1 is approximately 85 joules.

4. At a speed of 12 m s−1 what volume of air fl ows, in one second, 
through a wind turbine whose radius is 15 m? 
What is the total kinetic energy of this mass of air?
If a wind turbine extracts 40% of this energy calculate its power.

5. At midday on the equator the solar radiation is approximately 
1000 watts per square metre. In summer in Ireland the 
maximum solar 
radiation is about 900 
W m−2. How much 
energy could this 
provide in 6 hours. 
Give your answer in 
kilowatt-hours?

Did You Know?
• ESB was established 90 years ago (1927). Today it is 95% 

owned by the Irish Government and 5% by the trustees of 
an Employee Share Ownership Plan.

• ESB employs approximately 7,000 people and supplies 
electricity to 2.3 million customers.

• In 1946 the rural electrifi cation began, greatly improving 
the living condition in 400,000 homes.

• In 1975 ESB International was established. Since then 
it has completed projects in more than 120 countries.

• In 1998 ESB opened its fi rst wind farm in Crockahenny, 
Co Donegal, with a capacity of 5 MW. 

• In 2010 ESB acquired Northern Ireland Electricity Networks.
• in 2011 Electric Ireland was set up as the retail division of 

ESB, supplying energy to business and homes in the island 
of Ireland. 

• Today ESB is involved in the planning and construction 
of large scale solar energy facilities.

Biographical Note
Arthur Rosenfeld (1926 – 2017)
Arthur Rosenfeld is credited with developing new standards that 
helped improve energy effi ciency in California and beyond.
He earned his fi rst degree at the age of 17. Later he studied 
under Enrico Fermi, with whom he coauthored a book on 
nuclear physics. In 1954 he became professor of physics at the 
University of California at Berkeley. 

After the 1973 oil crisis he turned his attention to energy effi ciency. 
He showed that if energy saving measures were implemented 
more power stations would not be necessary in California. 
In 1978 it was the fi rst US state to introduce an energy effi ciency 
building code. Since the 1970s the energy per capita in 
California has remained stable while in the rest of the US it has 
risen about 50%. Rosenfeld showed that simple steps, such as 
turning off unnecessary lights, would all add up to signifi cant 
savings. His basic principle was: “Conserving energy is cheaper 
and smarter than building power plants.” 
(For more on Rosenfeld see Wikipedia.)

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

• explain why there is a need to reduce fossil fuel use
• describe the expected trend in future electricity demand
• describe the current energy mix in Ireland and the 2020 targets
• outline the main steps that must be taken to meet the 2020 

targets for electricity, transport and heating
• Outline the progress that has been made in the application 

of renewable energy sources
• outline what energy saving steps households can take.

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

• The increasing number of data centres will be a major contributor 
to the growth in demand for electricity of between 8% and 27%. 
However, increasing use of renewable energy sources will reduce 
CO2 emissions.

• The peak electricity demand occurs on cold winter evenings.
• Currently about 25% of our electricity is from renewable sources. 

The 2020 target is 40%, shared between electricity generation, 
transport and heating.

• The goal in the Government’s White Paper is for greater use of 
renewables, improved effi ciency and more widespread use of 
electricity for transport and heating.

• The largest single domestic use of energy is for heating. This 
can be greatly reduced by draft proofi ng, high quality insulation, 
and use of renewable sources such as solar heating.

True/False Questions

a) Over the next eight years electricity demand is 
expected to double. T F

b) In 2016 the total (all-island) electricity demand was 
37.6 TWh. T F

c) About 35% of our total energy comes from renewables. T F
d) The establishment of data centres will cause a slight 

increase in electricity demand. T F
e) About 75% of our current energy comes from fossil fuels. T F
f) The burning of fossil fuels has increased atmospheric 

CO2 by 20%. T F
g) The 2020 targets require a 20% reduction in our total 

energy use. T F
h) The 2020 targets require a 20% improvement in energy 

effi ciency. T F
i) To meet the 2020 targets we need at least 250 MW 

of extra wind power each year. 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.

biogas, biomass, capacity, capacity factor, data centres, emissions, 
enhanced greenhouse effect, fossil fuels, greenhouse effect, 
hydrocarbons, landfi ll gas, LPG, MW, non-ETS emissions, ppm, 
renewable, RES, solar PV, TWh, White Paper.

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

Examination Questions 

Leaving Certifi cate Physics (OL) 2004, Q. 7
• Heat can be transferred by conduction. What is meant by 

conduction? Name two other ways of transferring heat. 
• Describe an experiment to show how different solids conduct 

heat at different rates. 
• The U-value of a house is a measure of the rate of heat loss to 

the surroundings.
• Give two ways in which the U-value of a house can be reduced.

The diagram shows a solar panel (solar heater) which can be 
used in the heating of a house.

• What energy conversion takes 
place in a solar panel?

• Why are the pipes in the solar 
panel usually made from copper?

• Why are the pipes in the solar 
panel usually painted black? 

• Why does warm water rise to the 
top of the solar panel?

Leaving Certifi cate Technology A (OL) 2015, Q. 8
The ESB launched ‘The Great Electric Drive’ to promote greater use 
of electric cars in Ireland.

(i)  Give two advantages of using 
electrically powered cars instead 
of using petrol powered cars.

(ii)  Explain what is meant by a hybrid 
car.

Leaving Certifi cate Technology B (HL) 2017, Q. 2 a
Wind energy is a growing sector in Ireland, creating jobs and 
benefi ting communities. There are 207 wind farms in Ireland with 
an installed capacity of 2527 MW.

(i)  State two advantages of electricity generated from wind power 
over electricity production using fossil fuels.

(ii)  Explain what is meant by an installed capacity of 2527 MW. 
(iii)  State two energy conversions in a wind turbine system.
(iv)  Suggest a method of reducing energy losses due to friction 

as the propeller rotates.

Leaving Certifi cate Technology (HL) 2015, Q. 11 c (part)
(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? 

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

Student Activities
1. The total installed electricity generating capacity in Ireland 

(all-island) is about 10,400 MW (megawatt). Running at full 
power how much energy would this generate in a year? Give 
your answer in MWh and TWh. (Remember: 24 h/d; 365 d/yr)

2. The average onshore wind turbine has an output of about 2.5 
MW. Assuming a capacity factor of 30%, how much energy 
would it produce in a year?

3. The ideal wind speed for wind turbines is about 12 m s−1 
(≈ 44 km/h). The mass of a cubic metre of air is about 1.2 kg. 
When it is moving it therefore has kinetic energy. (K.E. = m v2). 
Show that the kinetic energy of a cubic metre of air moving at 
12 m s−1 is approximately 85 joules.

4. At a speed of 12 m s−1 what volume of air fl ows, in one second, 
through a wind turbine whose radius is 15 m? 
What is the total kinetic energy of this mass of air?
If a wind turbine extracts 40% of this energy calculate its power.

5. At midday on the equator the solar radiation is approximately 
1000 watts per square metre. In summer in Ireland the 
maximum solar 
radiation is about 900 
W m−2. How much 
energy could this 
provide in 6 hours. 
Give your answer in 
kilowatt-hours?

Did You Know?
• ESB was established 90 years ago (1927). Today it is 95% 

owned by the Irish Government and 5% by the trustees of 
an Employee Share Ownership Plan.

• ESB employs approximately 7,000 people and supplies 
electricity to 2.3 million customers.

• In 1946 the rural electrifi cation began, greatly improving 
the living condition in 400,000 homes.

• In 1975 ESB International was established. Since then 
it has completed projects in more than 120 countries.

• In 1998 ESB opened its fi rst wind farm in Crockahenny, 
Co Donegal, with a capacity of 5 MW. 

• In 2010 ESB acquired Northern Ireland Electricity Networks.
• in 2011 Electric Ireland was set up as the retail division of 

ESB, supplying energy to business and homes in the island 
of Ireland. 

• Today ESB is involved in the planning and construction 
of large scale solar energy facilities.

Biographical Note
Arthur Rosenfeld (1926 – 2017)
Arthur Rosenfeld is credited with developing new standards that 
helped improve energy effi ciency in California and beyond.
He earned his fi rst degree at the age of 17. Later he studied 
under Enrico Fermi, with whom he coauthored a book on 
nuclear physics. In 1954 he became professor of physics at the 
University of California at Berkeley. 

After the 1973 oil crisis he turned his attention to energy effi ciency. 
He showed that if energy saving measures were implemented 
more power stations would not be necessary in California. 
In 1978 it was the fi rst US state to introduce an energy effi ciency 
building code. Since the 1970s the energy per capita in 
California has remained stable while in the rest of the US it has 
risen about 50%. Rosenfeld showed that simple steps, such as 
turning off unnecessary lights, would all add up to signifi cant 
savings. His basic principle was: “Conserving energy is cheaper 
and smarter than building power plants.” 
(For more on Rosenfeld see Wikipedia.)

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

• explain why there is a need to reduce fossil fuel use
• describe the expected trend in future electricity demand
• describe the current energy mix in Ireland and the 2020 targets
• outline the main steps that must be taken to meet the 2020 

targets for electricity, transport and heating
• Outline the progress that has been made in the application 

of renewable energy sources
• outline what energy saving steps households can take.

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

• The increasing number of data centres will be a major contributor 
to the growth in demand for electricity of between 8% and 27%. 
However, increasing use of renewable energy sources will reduce 
CO2 emissions.

• The peak electricity demand occurs on cold winter evenings.
• Currently about 25% of our electricity is from renewable sources. 

The 2020 target is 40%, shared between electricity generation, 
transport and heating.

• The goal in the Government’s White Paper is for greater use of 
renewables, improved effi ciency and more widespread use of 
electricity for transport and heating.

• The largest single domestic use of energy is for heating. This 
can be greatly reduced by draft proofi ng, high quality insulation, 
and use of renewable sources such as solar heating.

True/False Questions

a) Over the next eight years electricity demand is 
expected to double. T F

b) In 2016 the total (all-island) electricity demand was 
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c) About 35% of our total energy comes from renewables. T F
d) The establishment of data centres will cause a slight 
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Leaving Certifi cate Physics (OL) 2004, Q. 7
• Heat can be transferred by conduction. What is meant by 

conduction? Name two other ways of transferring heat. 
• Describe an experiment to show how different solids conduct 

heat at different rates. 
• The U-value of a house is a measure of the rate of heat loss to 

the surroundings.
• Give two ways in which the U-value of a house can be reduced.

The diagram shows a solar panel (solar heater) which can be 
used in the heating of a house.

• What energy conversion takes 
place in a solar panel?

• Why are the pipes in the solar 
panel usually made from copper?

• Why are the pipes in the solar 
panel usually painted black? 

• Why does warm water rise to the 
top of the solar panel?

Leaving Certifi cate Technology A (OL) 2015, Q. 8
The ESB launched ‘The Great Electric Drive’ to promote greater use 
of electric cars in Ireland.

(i)  Give two advantages of using 
electrically powered cars instead 
of using petrol powered cars.

(ii)  Explain what is meant by a hybrid 
car.
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Wind energy is a growing sector in Ireland, creating jobs and 
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an installed capacity of 2527 MW.
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over electricity production using fossil fuels.
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