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Energy supply is one of the major issues that society must address in the immediate future. 

Citizens are faced with complex choices and a variety of messages from energy supply companies, 

environmental groups, the media, scientists and politicians. Some maintain that renewable resources 

are capable of meeting our future needs, some advocate nuclear power, and some argue that drastic 

lifestyle changes are required. Decisions about energy use, whether at a personal or a national level, 

need to be informed by a quantitative understanding of the situation, and this is an underlying theme 

of the module.

Candidates � rst survey the ways in which individuals and organisations use energy, and learn how 

energy demand and use can be measured. They explore the use of energy-ef� cient devices (eg light 

bulbs) and consider the quantitative consequences of various lifestyle choices (eg relating to transport 

and the use of electrical equipment). National data on energy sources introduce a study of electricity 

generation and distribution; nuclear power generation, the burning of fossil fuels, and renewable 

resources are compared and contrasted. Finally, candidates review the energy choices available to 

individuals, organisations and society.

Issues for citizens Questions that science may help to answer

How can we use less energy?

Why do we need to make decisions about 

nuclear power?

Which energy sources should we use?

How is energy used?

How can electricity be generated?

What are the advantages and disadvantages of 

different ways of generating electricity?

3.3.3 Module P3: Sustainable energy

Opportunities for mathematics

This module offers opportunities to develop mathematics skills. For example:

 • carry out calculations using experimental data, including � nding the mean and the range

 • carry out calculations using fractions and percentages, particularly in the context of energy 

ef� ciency

 • plot, draw and interpret graphs and charts from candidates’ own and secondary data

 • use equations, including appropriate units for physical quantities

 • extract information from charts, graphs and tables

 • use ideas about probability in the context of risk.

Overview
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This module offers opportunities for practical work in teaching and learning. For example:

 • compare the power consumption of a variety of devices and relate it to the current passing 

through the device

 • investigate factors affecting the output from solar panels and wind turbines

 • make a simple electricity generator and investigate the factors that affect the output.

This module offers opportunities to illustrate the use of ICT in science. For example:

 • the role of computers in managing energy demands over the National Grid 

 • the role of computers in remote handling of highly radioactive waste.

Use of ICT in teaching and learning can include:

 • animations to illustrate key processes in power stations

 • internet research for data allowing the comparison of different energy sources

 • use of spreadsheets to process and present data comparing use of different energy sources.

Opportunities for practical work

Opportunities for ICT
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Module P3: Sustainable energy – Ideas about Science

Module P3 provides opportunities to develop candidates’ understanding of these Ideas about 

Science

5 Risk

Candidates should understand that: A candidate who understands this can, for 

example:

5.1 • everything we do carries a certain risk of 

accident or harm. Nothing is risk free. New 

technologies and processes based on 

scienti� c advances often introduce new risks.

• explain why it is impossible for anything to be 

completely safe

• identify examples of risks which arise from a 

new scienti� c or technological advance

• suggest ways of reducing a given risk.

5.6 • people’s perception of the size of a 

particular risk may be different from the 

statistically estimated risk. People tend to 

over-estimate the risk of unfamiliar things 

(like � ying as compared with cycling), 

and of things whose effect is invisible or 

long-term (like ionising radiation).

• distinguish between perceived and 

calculated risk, when discussing personal 

choices

• suggest reasons for given examples 

of differences between perceived and 

measured risk.

5.7 • governments and public bodies may have 

to assess what level of risk is acceptable in 

a particular situation. This decision may be 

controversial, especially if those most at risk 

are not those who bene� t.

• discuss the public regulation of risk, and 

explain why it may in some situations be 

controversial.

6 Making decisions about science and technology

6.1 • science-based technology provides people 

with many things that they value, and 

which enhance the quality of life. Some 

applications of science can, however, have 

unintended and undesirable impacts on the 

quality of life or the environment. Bene� ts 

need to be weighed against costs.

• in a particular context, identify the groups 

affected and the main bene� ts and costs of a 

course of action for each group

• suggest reasons why different decisions 

on the same issue might be appropriate 

in view of differences in social and 

economic context.

6.2 • scientists may identify unintended impacts of 

human activity (including population growth) 

on the environment. They can sometimes 

help us to devise ways of mitigating this 

impact and of using natural resources in a 

more sustainable way.

• identify, and suggest, examples of 

unintended impacts of human activity on the 

environment

• explain the idea of sustainability, and apply it 

to speci� c situations

• use data (for example, from a Life Cycle 

Assessment) to compare the sustainability of 

alternative products or processes.

6.3 • in many areas of scienti� c work, the 

development and application of scienti� c 

knowledge are subject to of� cial regulations.

• in contexts where this is appropriate, show 

awareness of, and discuss, the of� cial 

regulation of scienti� c research and the 

application of scienti� c knowledge.
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6 Making decisions about science and technology

Candidates should understand that: A candidate who understands this can, for 

example:

6.5 • some forms of scienti� c research, and some 

applications of scienti� c knowledge, have 

ethical implications. People may disagree 

about what should be done (or permitted).

• where an ethical issue is involved:

 – say clearly what this issue is

 – summarise different views that may be 

held.

6.6 • in discussions of ethical issues, one common 

argument is that the right decision is one 

which leads to the best outcome for the 

greatest number of people involved. Another 

is that certain actions are considered right or 

wrong whatever the consequences.

• in a given context, identify, and develop, 

arguments based on the ideas that:

 – the right decision is the one which leads 

to the best outcome for the greatest 

number of people involved

 – certain actions are considered right or 

wrong whatever the consequences.
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Module P3: Sustainable energy

P3.1 How much energy do we use?

1. understand that the demand for energy is continually increasing and that this raises issues 

about the availability of energy sources and the environmental effects of using these sources

2. recall the main primary energy sources that humans use: fossil fuels (oil, gas, coal), nuclear 

fuels, biofuels, wind, waves, and radiation from the Sun

3. understand why electricity is called a secondary energy source

4. understand that power stations which burn fossil fuels produce carbon dioxide which 

contributes to global warming and climate change

5. understand that when electric current passes through a component (or device), energy is 

transferred from the power supply to the component and/or to the environment

6. recall that the power (in watts, W) of an appliance or device is a measure of the amount of 

energy it transfers each second, ie the rate at which it transfers energy

7. use the following equation to calculate the amount of energy transferred in a process, in joules 

and in kilowatt hours:

 energy transferred = power × time

 (joules, J)  (watts, W)  (seconds, s)

 (kilowatt hours, kWh)  (kilowatts, kW)  (hours, h)

8. use the following equation to calculate the rate at which an electrical device transfers energy:

 power = voltage × current

 (watts, W)  (volts, V)  (amperes, A)

9. understand that a joule is a very small amount of energy, so a domestic electricity meter 

measures the energy transfer in kilowatt hours

10. calculate the cost of energy supplied by electricity given the power, the time and the cost per 

kilowatt hour

11. interpret and process data on energy use, presented in a variety of ways

12. interpret and construct Sankey diagrams to show understanding that energy is conserved

13. use the following equation in the context of electrical appliances and power stations:

  ef� ciency = × 100%
energy usefully transferred

total energy supplied

� � Candidates will be expected to consider / calculate ef� ciency as a decimal ratio and as a 

percentage

14. suggest examples of ways to reduce energy usage in personal and national contexts.
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Module P3: Sustainable energy 

P3.2 How can electricity be generated?

1. understand that electricity is convenient because it is easily transmitted over distances and 

can be used in many ways

2. recall that mains electricity is produced by generators

3. understand that generators produce a voltage across a coil of wire by spinning a magnet near 

it

4. understand that the bigger the current supplied by a generator, the more primary fuel it uses 

every second

5. understand that in many power stations a primary energy source is used to heat water; the 

steam produced drives a turbine which is coupled to an electrical generator

6. label a block diagram showing the basic components and structures of hydroelectric, nuclear 

and other thermal power stations

7. understand that nuclear power stations produce radioactive waste

8. understand that radioactive waste emits ionising radiation

9. understand that with increased exposure to ionising radiation, damage to living cells increases 

eventually leading to cancer or cell death

10. understand the distinction between contamination and irradiation by a radioactive material, 

and explain why contamination by a radioactive material is more dangerous than a short 

period of irradiation from the radioactive material

11. understand that many renewable sources of energy drive the turbine directly eg hydroelectric, 

wave and wind

12. interpret a Sankey diagram for electricity generation and distribution that includes information 

on the ef� ciency of energy transfers

13. recall that the mains supply voltage to our homes is 230 volts

14. understand that electricity is distributed through the National Grid at high voltages to reduce 

energy losses.
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Module P3: Sustainable energy 

P3.3 Which energy sources should we choose?

1. discuss both qualitatively and quantitatively (based on given data where appropriate), the 

effectiveness of different choices in reducing energy demands in:

 a. domestic contexts

 b. work place contexts

 c. national contexts

2. understand that the choice of energy source for a given situation depends upon a number of 

factors including:

 a. environmental impact

 b. economics

 c. waste produced

 d. carbon dioxide emissions

3. describe advantages and disadvantages of different energy sources, including

non-renewable energy sources such as:

 a. fossil fuels

 b. nuclear

 and renewable energy sources such as:

 c. biofuel

 d. solar

 e. wind

 f. water (waves, tides, hydroelectricity)

 g. geothermal

4. interpret and evaluate information about different energy sources for generating electricity, 

considering:

 a. ef� ciency

 b. economic costs

 c. environmental impact

 d. power output and lifetime.

5. understand that to ensure a security of electricity supply nationally, we need a mix of 

energy sources.


