
Energy sources for electricity 
Electricity output has increased gradually over the past twenty years 
or so, and renewable energy sources have been steadily replacing 
fossil fuels in electricity generation. This is mainly due to reduction  
in the use of oil and coal to almost insignificant levels and expansion 
of renewables, particularly wind, to provide 35% of the electricity 
demand and often considerably more. Peat and peat + biomass still 
contribute about 7% to the mix. 

Despite these improvements we still have not quite met the 2020 
targets for electricity generation. Progress towards decarbonising 
heating and transport will require greater use of heat pumps and  
of electric vehicles. 

Growth in electricity generation
In the early 20th century there were small coal and oil fired power 
stations in hundreds of towns across Ireland; some of these were run 
by local authorities but many were privately owned. In the 25 years  
or so following the opening of the state-owned hydroelectric power 
station at Ardnacrusha in 1929, most of the small operators closed 
down but some were taken over by the newly established ESB 
(Electricity Supply Board). The 85 MW output of Ardnacrusha 
supplied the bulk of the country’s electricity demand and had, in 
effect, largely decarbonised the country’s electricity supply.

Since then the demand for electricity has grown to over 50 times the 
output of Ardnacrusha. The demand varies with the time of day and 
with the seasons, from roughly 2400 to 3600 MW in summer and from 
2700 to 5000 MW in winter. This demand is met largely by fossil fuels 
but increasingly by renewable energy sources. 

The chart above shows fairly typical midweek demand for Ireland in 
winter and summer. (http://www.eirgridgroup.com/how-the-grid-works/
system-information/ )

Demand, supply and storage
Because electricity demand fluctuates throughout the day, the 
necessary generation capacity must be available to meet the demand. 
If there is a sudden change in demand or generation, system 
operators respond in real time to ensure that the electricity system 
remains stable. This can be achieved by switching on different forms 
of generation such as hydro or battery. 

Wind energy and solar energy can only be generated when weather 
conditions are suitable. When available, these renewable energy 
sources must be added to the grid straight away or else stored for 
later use. The main storage options are batteries and pumped 
storage. At present Turlough Hill is Ireland’s only pumped storage 
facility, with an output capacity of 292 MW.

What is meant by decarbonising?
Decarbonising means replacing fossil fuels with sustainable energy 
sources. Most of our energy is generated from fossil fuels: coal, oil 
and gas. When they are burned the main products are carbon dioxide 
and water. Since the beginning of the Industrial Revolution (ca. 1760) 
atmospheric carbon dioxide has increased from 280 ppm to 420 ppm. 
The extra carbon dioxide (CO2) is a major contributor to the ‘enhanced 
greenhouse effect’, raising global temperatures by approximately 1°C; 
most of the increase occurred in the past 100 years. 

Reasons for the rise in carbon dioxide
Even today, most of our energy requirements are derived from fossil 
fuels, further increasing atmospheric CO2. The following are the main 
reasons for the increased use of fossil fuels:

• The increase in the global population from less than 1 billion  
(in 1800) to 7.8 billion in 2020, means that more energy is needed 
for cooking, heating, etc.

• The growth in factories and the mechanisation of work, requires 
more energy.

• The global expectation of ever higher standards of living, with 
more labour-saving devices, all require more energy.

• Urbanisation and the increased separation of homes from places 
of work, make commuting necessary and require more energy.

Of course, many of these changes did improve people’s standard of 
living. Life expectancy and general health improved, mainly due to 
better food, better medical treatment and better understanding of the 
causes of disease.

In the past 220 years or so the global population has grown 7.6 times 
larger but the global energy use has become 27 times larger. 

Global energy is shared very unequally. People in the more developed 
countries have 10 to 20 times more energy per head of population, 
than those in the poorer nations.

Main categories of energy use
Because of the Covid-19 pandemic, energy use in 2020 is not 
representative of the trend since 2000. For this reason, we will use  
the available data from 2018 and 2019.

Primary energy use in Ireland is divided between transport, heating 
and electricity generation (about 42%, 39%, 19%). Transport is 
fuelled mostly by oil (97%, petrol & diesel). Heating is mostly provided 
by fossil fuels (92%, coal, peat, oil and gas) and to a small extent by 
renewables and incineration of waste (6%+1%).
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EirGrid operates and develops the electricity grid in Ireland.  
This includes interconnection with neighbouring grids and the 
wholesale electricity market. The electricity grid brings power 
from where it is generated to the ESB distribution network – that 
supplies every home, farm and small business in Ireland. The  
grid also directly powers employers that use large amounts of 
electricity. EirGrid ensures that electricity is always available,  
at the most economic price possible – today, tomorrow and for 
decades to come. 

Electricity can be generated from clean and renewable sources 
like wind and solar power. These will replace polluting sources  
of energy like coal and oil. Because of this, electricity will 
increasingly be used for more reasons, like transport and heating. 
To prepare for this, the electricity grid must be made stronger  
and more flexible. It will need to carry more power, with most  
of this power coming from clean, renewable sources. This change 
will require significant amounts of new grid infrastructure - such 
as new underground cables, pylons and substations..

You can find out more about the work of EirGrid at
www.eirgrid.ie 

Decarbonising our 
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Battery storage is commonly used for domestic solar PV systems. 
The solar cells produce direct current (DC) which charges batteries. 
When electricity is required an inverter converts the direct current  
into the alternating current required for ordinary domestic appliances.

What are the targets?
Ireland’s target, following the Paris Agreement in 2015, is for 40% 
renewable electricity by 2020, increasing to 70% by 2030. There are 
separate targets for the other energy sectors: transport and heat.

The European Green Deal (December 2019), which is now part of the 
Programme for Government 2020, aims to decarbonise the energy 
sector by 2050. The goal is to make the EU carbon neutral by then. 
(See: https://ec.europa.eu/info/strategy/ ) 

Why we must decarbonise energy
The purpose of all the agreements and targets is to limit global 
temperature rise to 1.5°C above pre-industrial levels — usually taken 
as the levels from 1850–1900. It is generally agreed that the one 
degree rise in temperature since 1920 has increased the frequency 
and severity of extreme weather events in recent decades. The best 
climate models indicate that a rise of more than 1.5°C would have 
much more severe consequences. 

The main cause of the rise in global temperatures is the increased 
level of greenhouse gases in the atmosphere, mainly carbon dioxide 
(from the burning of fossil fuels), methane and nitrous oxide. 

When fossil fuels are burned carbon dioxide is formed; in the case  
of hydrocarbons water is also formed. Burning natural gas produces 
48% less CO2 than burning coal and 26% less CO2 than burning oil, 
for the same energy output.

Steps towards decarbonising electricity
In Ireland today there are about 32 fossil fuel generators, burning 
mostly gas or oil, as well as two waste incinerators; their total capacity 
is approximately 6400 MW. Replacing all this capacity with 
renewables will be challenging. The three 285 MW coal-fired 
generators at Moneypoint are due to be decommissioned by 2025. 

There have been great improvements in the efficiency of electricity 
generation from 41% (in 2005) to 52% (in 2018).

Currently there over 20 hydroelectric power stations in the country, 
mostly below 1 MW. Their total installed capacity of less than 240 MW 
can meet only about 2% of the average national electricity demand. 

Wind energy is our major renewable energy source and has increased 
dramatically over the past 20 years, from an installed capacity of 
about 120 MW in 2000 to 3700 MW in 2020 – 30 times greater.

It is important to understand that installed capacity means the 
maximum output rather than the average output. The wind does not 
blow all the time nor does it blow evenly across the country. Over the 
year the average output would be about 30% of the installed capacity.

Installed solar PV (photovoltaic) capacity is about 40 MW but, since 
the sunshine is very variable, this provides less than 1% of the 
average demand. However, solar PV capacity is set to grow to 1000 
MW over the next decade or so.

Biomass seems like a carbon-neutral energy source but when the fuel 
for ploughing, planting, weed and pest control, harvesting, chipping 
and transporting is all accounted for, the net benefit is not so clear. 
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Syllabus References
The main syllabus references for the lesson are:
Leaving Certificate Technology
Energy and Energy Conservation
• sources of energy – renewable and non-renewable
• different forms of energy, e.g. mechanical (potential, kinetic), 

chemical, electrical; the principle of conservation of energy 
and its application; energy transformations; the cost of 
energy; energy efficiency (p. 22)

Leaving Certificate Physics
• Conversions from one form of energy to another.  

Principle of conservation of energy (p. 35)

Leaving Certificate Chemistry
• The greenhouse effect and the influence of human activity  

on it. Greenhouse gases and their relative effects (p. 29)

Leaving Certificate Home Economics
• The energy efficient home (p. 32)

Leaving Certificate Politics & Society (p. 38)
• How personal energy use contributes to climate change

Junior Cycle Science (2015 Specification)
• Students research sustainability issues that arise from ...  

our generation and consumption of electricity (p. 12)
Science and Technology in Action is also widely used by  
Transition Year classes.

Student Activities
1. 1 W = 1 J s−1   

Show that 1 kW·h = 3.6 MJ and 1 MW·h = 3.6 GJ

2. Households generate roughly a quarter of all direct CO2 
emissions produced in the EU today. Prepare a class 
presentation on the steps that individuals and households 
can take to reduce CO2 emissions. For some ideas see:   
https://ec.europa.eu/clima/citizens/tips_en 

3. In Ireland the average annual domestic electricity demand is 
4,200 kW·h. Show that about 28% of this could be met by 
installing 8 solar PV panels each having a peak output of 170 W.   
Assume an average of 3 hours sunshine per day and an overall 
efficiency of 80%. (PV = photovoltaic) 
See: https://solargeneration.ie/solar-panels/residential/  or 
www.seai.ie/publications/Best_Practice_Guide_for_PV.pdf

4. Prepare a class presentation summarising why climate 
change has become a major issue today.  
See: https://ec.europa.eu/clima/change/consequences_en 

5. Write a balanced equation for the combustion of methane 
(CH4). Show that the combustion of 1 kg of methane 
produces 2.75 kg of CO2. 

6. The heat of combustion of methane is about 890 kJ mol−1. 
Show that this equates to 55.6 MJ kg−1. 

7. The variable nature of solar and wind energy requires a way 
of storing energy for later use. How can energy be stored on 
a large scale? (http://sta.ie/lesson/storing-renewable-energy)

Did You Know?
The Carbon Cycle and Carbon Capture

In the natural world the release of CO2 to the atmosphere 
through respiration of living organisms is balanced by its 
absorption through photosynthesis. Annually each of these 
processes moves about 200 Gt of CO2 (Gt = 10 9 tonnes).

Human intervention upsets this balance mainly through the 
combustion of fossil fuels and deforestation, adding 7.8 Gt  
and about 30 Gt of CO2 to the atmosphere annually.

Processes to directly remove CO2 from the atmosphere are 
currently being evaluated (i.e. ‘carbon capture’). The CO2 may 
be stored in depleted oil wells or in other geological formations. 
Alternatively it may be used to make useful products.

Restoration of natural forests, along with prevention of further 
deforestation, would have an even greater effect in reducing 
atmospheric CO2 and reversing global warming.

See: https://earthobservatory.nasa.gov/features/CarbonCycle

Biographical Notes
Svante August Arrhenius (1859 – 1927)

The Swedish physicist and chemist 
Arrhenius was the first person to estimate 
the effect of atmospheric carbon dioxide 
on global temperatures. 

At the age of three he learned to read, 
started school at the age of eight and 
finished at 17 as the youngest and most 
able student, especially in physics and 
mathematics. He was awarded the Nobel Prize in 1903.

He calculated that a decrease in atmospheric CO2 would 
produce a cooling effect and could cause an ice age if the level 
dropped to half. If the CO2 level doubled it would raise global 
temperatures by 5 to 6 degrees Celsius.

He pointed out that the burning of coal would slowly raise global 
temperatures although he thought that might be a good thing! 
However, in many ways he was well ahead of his time.

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

• Outline how energy resources are divided between heating, 
transport and electricity generation 

• Explain what is meant by ‘decarbonising electricity’ and describe 
some of the ways in which this can be done 

• Explain why it is necessary to reduce dependence on fossil fuels 
and to develop alternative and sustainable energy sources 

• Outline the reasons for the increase of atmospheric carbon 
dioxide over the last 200 years and the effects that this has had 
on global climate

• Describe how the demand for electricity in Ireland has grown 
over the last 90 years.

• Explain the difference between “installed capacity” and actual 
final output in the case of wind or solar power

• Explain why the increased use of renewable energy sources 
requires increased energy storage facilities

• Describe what substances are produced when fossil fuels are 
burned and outline their effects on the atmosphere and their 
contribution to the enhanced greenhouse effect.

True/False Questions

a) The level of carbon dioxide in the atmosphere has  
increased from 280 ppm in 1800 to 420 ppm today. T F

b) CO2 and N2O are both greenhouse gases. T F
c) The increase in energy demand is proportional to the  

increase in the global population. T F
d) People in developed countries use 10 to 20 times  

more energy than people in poor countries. T F
e) Solar and wind energy are available all the time. T F
f) Burning natural gas produces 48% less CO2 than  

burning coal.  T F
g) The European Green Deal aims to decarbonise the  

energy sector in Europe by 2030. T F
h) The 24 hydroelectric power stations in the country  

can meet  20% of the overall electricity demand. T F
i) The three coal-fired generators at Moneypoint are  

due to be decommissioned by 2025. T F
j) In the last 20 years wind energy capacity in Ireland  

has grown about 30 times greater. T F
Check your answers to these questions on www.sta.ie.

Revise The Terms
Check the meaning of the following key terms:

carbon neutral, commuting, decarbonising, enhanced greenhouse 
effect, European Green Deal, fossil fuels, incineration of waste, 
installed capacity, methane, MW, nitrous oxide, Paris Climate 
Agreement, peat, ppm, renewables, The Industrial Revolution, 
wind energy.

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

Examination Questions 
Leaving Certificate Chemistry 2017 (OL) Q. 11 c (part)
Give one way that human activities have caused an increase  
in the greenhouse effect in recent years.

What possible outcome of an increased greenhouse effect  
is causing concern at the present time?

Leaving Certificate Home Economics 2018 (HL) C: Q. 1 c
(i)  Identify and elaborate on three sources of energy supply  

to the home. Comment on the sustainability of each of  
these energy sources. 

(ii)  Give an account of the emissions produced from burning 
fuels in the home and the effect these emissions have  
on the environment.

Leaving Certificate Chemistry 2019 (HL) Q. 11 c
The greenhouse effect is a natural phenomenon, enhanced  
by human activities. The enhanced greenhouse effect is a  
cause of concern.

(i)  What is the greenhouse effect? 
(ii)  Why is the greenhouse effect essential for life on Earth?
(iii)  Give two human activities that have enhanced the natural 

greenhouse effect, particularly in recent times. 
(iv)  Give two reasons why different atmospheric gases have 

different impacts on the greenhouse effect. 
(v)  Compare the contributions of carbon dioxide and water 

vapour to the natural greenhouse effect. Account for  
the difference.

Leaving Certificate Politics & Society 2018 (OL) Q. 1 q
Ireland was one of the countries that signed up to the Paris 
Climate Agreement, the international agreement to keep the  
rise in global temperature below 2°C in the 21st century.

Suggest one action that each of the following can take to  
lessen greenhouse gas emissions in the effort to realise our 
commitments under the Paris Agreement: Individual, Community 
& Government.

Leaving Certificate Physics 2011 (OL) Q. 10 b (part)
What changes can be made to a d.c. motor to convert it to  
an a.c. generator?
Give two ways in which the output voltage from an a.c. generator 
can be increased.

Leaving Certificate Technology 2014 (HL) Q. 12
The European Union aims to generate 20% of its energy from 
renewable sources by 2020.

(i)  List three sources of renewable energy.
(ii)  Outline two factors which contribute to a worldwide increase 

in the demand for energy.
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