


The wind turbines in a wind farm must have a minimum distance of 500 m between 

them for maximum efficiency.

The diagram shows the position of nine wind turbines in a wind farm.

1.

(a)     Suggest one way in which the layout of this wind farm ensures maximum efficiency when
the wind direction changes.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(1)

The average mass of air passing through the blades of one wind turbine is 51 000 kg per second.

The density of air is 1.2 kg / m3

(b)     Write down the equation that links density, mass and volume.

___________________________________________________________________

(1)
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(c)     Calculate the volume of air passing through the blades of one wind turbine in 
one second.

Give the unit.

Give your answer to 2 significant figures.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Volume in one second = ___________ Unit ___________

(5)

(d)     The average power output from one of the wind turbines in the diagram is 1.6 × 106 W

The average power output of a nuclear power station is 2.4 × 109 W

Calculate the number of wind turbines needed to generate power equal to one nuclear
power station.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Number of wind turbines = ____________________

(2)

(e)     The UK requires a minimum electrical power of 2.5 × 1010 W at any time.

Give two reasons why wind turbines alone are unlikely to be used to meet this
requirement.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

(2)

(Total 11 marks)
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The graph gives information about the production of electricity in the UK in 2016.2.

(a)     The UK government signed the Paris Climate Agreement in April 2016.

The agreement commits the UK to reduce the amount of carbon dioxide released into the
atmosphere.

Explain which energy resources in the graph should be used to meet the UK's commitment
to the Paris Climate Agreement.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(4)
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(b)     On average, there is enough wind in the UK each year to supply all of the 
UK's electricity needs.

Explain why the UK may still need power stations that use fuel to generate electricity.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(c)     All European countries signed the Paris Climate Agreement in 2016.

In the future, some European countries will only allow electric vehicles.

Suggest how this is likely to affect methods of electricity generation in these countries.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 9 marks)

Energy resources can be renewable or non-renewable.

(a)     Coal is a non-renewable energy resource.

Name two other non-renewable energy resources.

1. _________________________________________________________________

2. _________________________________________________________________

(2)

3.
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(b)     Wind turbines are used to generate electricity.

The graph below shows how the power output of a wind turbine changes over 
one day.

A wind turbine does not generate electricity constantly.

For how many hours did the wind turbine generate no electricity?

___________________________________________________________________

Time = ________________________________ hours

(1)

(c)     Electrical power is transferred from power stations to the National Grid.

What is the National Grid?

Tick one box.

a system of cables and pylons

a system of cables and transformers

a system of cables, transformers and power stations

(1)
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(d)     An island has a large number of wind turbines and a coal-fired power station.

The island needs to use the electricity generated by the coal-fired power 
station at certain times.

Choose one reason why.

Tick one box.

Wind is a renewable energy resource.

Wind turbine power output is constant.

The power output of wind turbines is unpredictable.

The fuel cost for wind turbines is very high.

(1)

(e)     A wind turbine has an average power output of 0.60 MW.

A coal-fired power station has a continuous power output of 1500 MW.

Calculate how many wind turbines would be needed to generate the same power output as
one coal-fired power station.

___________________________________________________________________

___________________________________________________________________

Number of wind turbines = ______________________

(2)
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(f)      It is important that scientists develop new energy resources.

Choose one reason why.

Tick one box.

All energy resources are running out.

All energy resources are used to generate electricity.

Most energy resources have negative environmental effects.

(1)

(Total 8 marks)

Different energy sources are used to generate electricity.

(a)     Use words from the box to match the correct energy source to each of the descriptions
given in the table.

biofuel coal geothermal nuclear waves

4.

Description Energy source

Energy from the Earth’s core is used to heat water.

Fission of uranium nuclei is used to heat water.

Gases from rotting plant material are burned to heat water.

(3)
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(b)     Energy can be stored in a pumped storage power station.

The figure shows a pumped storage power station.

When electricity is needed, the water in the high level reservoir is allowed to flow to the low
level reservoir. The flowing water generates electricity.

Use the correct answer from the box to complete each sentence.

electrical gravitational potential kinetic nuclear sound

The water in the high level reservoir stores ____________ energy.

The flowing water has ____________ energy.

The water turns the turbine which is connected to the generator.

The generator produces some ____________, this is wasted energy.

(3)

(c)     The total power input to a pumped storage power station is 600 MW.

The useful power output is 540 MW.

(i)      Calculate the efficiency of this pumped storage power station.

______________________________________________________________

______________________________________________________________

______________________________________________________________

Efficiency = _______________

(2)
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(ii)     Calculate how much power is wasted by the pumped storage power station.

______________________________________________________________

Power = ______________ MW
(1)

(iii)    How is the temperature of the surroundings affected by the energy wasted by the
pumped storage power station?

______________________________________________________________

(1)

(Total 10 marks)

All European Union countries are expected to generate 20% of their electricity using renewable
energy sources by 2020.

The estimated cost of generating electricity in the year 2020 using different energy sources is
shown in Table 1.

Table 1

Energy source Estimated cost (in the year 2020)
in pence per kWh

Nuclear 7.8

Solar 25.3

Tidal 18.8

Wind 10.0

5.

France generated 542 billion kWh of electricity using nuclear power stations in 2011.
France used 478 billion kWh of electricity and sold the rest of the electricity to other countries in
2011.

(a)     France may continue generating large amounts of electricity using nuclear power stations
instead of using renewable energy resources.

Suggest two reasons why.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

(2)
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(b)     Give two disadvantages of generating electricity using nuclear power stations.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________

(2)

(c)     A panel of solar cells has an efficiency of 0.15.

The total power input to the panel of solar cells is 3.2 kW.

Calculate the useful power output of this panel of solar cells in kW.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Useful power output = _______________ kW

(2)

(d)     Table 2 shows the manufacturing cost and efficiency of different types of panels of solar
cells.

Table 2

Type of Solar Panel Cost to manufacture a 1 m2

solar panel in £
Efficiency in %

A 40.00 20

B 22.50 15

C 5.00 10
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Some scientists think that having a low manufacturing cost is more important than
improving the efficiency of solar cells.

Use information from Table 2 to suggest why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 8 marks)

The image below shows a solar thermal power station that has been built in a hot desert.

The power station uses energy from the Sun to heat water to generate electricity.

Energy from the Sun is reflected towards a solar receiver using many mirrors.

© Kim Steele/Photodisc/Thinkstock

6.

(a)     (i)      Which part of the electromagnetic spectrum provides most of the energy to heat the
water in a solar thermal power station?

______________________________________________________________

(1)
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(ii)     Describe how heated water is used to generate electricity by this
solar thermal power station.
The process is the same as in a fossil fuel power station.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(3)

(b)     A new type of solar power station, called a solar storage power station, is able to store
energy from the Sun by heating molten chemical salts.
The stored energy can be used to generate electricity at night.

(i)      It is important that the molten chemical salts have a high specific heat capacity.
Suggest one reason why.

______________________________________________________________

______________________________________________________________

(1)

(ii)     The solar storage power station can store a maximum of 2 200 000 kWh of energy.
The solar storage power station can supply a town with a maximum electrical power
of 140 000 kW.

Calculate for how many hours the energy stored by the solar storage power station
can supply the town with electrical power.

Give your answer to 2 significant figures.

______________________________________________________________

______________________________________________________________

______________________________________________________________

Time = __________________ hours

(3)
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(iii)    Table 1 gives information about the place where the solar storage power 
station has been built.

 Table 1

Season
Mean number of
daylight hours

Mean power received from
the Sun per

square metre in kW

Spring 11.5 0.90

Summer 13.5 1.10

Autumn 12.0 0.95

Winter 10.5 0.71

The solar storage power station does not operate at the maximum possible electrical
output every day of the year.

Suggest why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)
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(c)     Power stations do not work at maximum possible electrical output all the 
time.The ‘capacity factor’ of a power station is calculated using the equation:

Table 2 shows capacity factors for different types of power station.

 Table 2

Type of power station
Renewable energy

source
Capacity factor

Coal No 0.41

Natural gas No 0.48

Nuclear No 0.66

Solar thermal Yes 0.33

Tidal Yes 0.26

Wind turbine Yes 0.30

(i)      Compare the capacity factors of the renewable power stations with those of the
non-renewable power stations in Table 2.
Explain the reason for the difference between the capacity factors.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(3)

(ii)     The capacity factor of a solar storage power station is higher than for all other
renewable power stations.
Suggest one reason why.

______________________________________________________________

______________________________________________________________

(1)

(Total 14 marks)
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