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1	 (a)	 Describe two differences, other than the axis orientation, between 
Vertical Axis Wind Turbines (VAWT) and Horizontal Axis Wind 
Turbines (HAWT).		

		  1. 

[2] 

		  2. 

[2] 

	 (b)	 Fig. 1 below shows a typical horizontal axis wind turbine. Complete 
Fig. 1 by labelling X and Y.

X:

Y:

Rotor Blade

Gearbox

Rotor Cone

Rotor Hub

Generator

Tower

Source: © Principal Examiner

[2]
Fig. 1
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	 (c)	 If the rotor swept area for the turbine in Fig. 1 is 50.27 m2, calculate 
the rotor diameter. 

		  Show your working out in the space below. 

[4]

	 (d)	 Explain one factor that is critical in determining the hub height of a 
wind turbine. 

[2]
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2	 (a)	 Delivering energy from renewable sources will require the 
development of facilities such as that shown in Fig. 2.

water

water

Pump/generator

Source: © Principal Examiner

Fig. 2 

		  (i)	 Identify the type of facility shown in Fig. 2.

[1]

		  (ii)	 Explain two reasons why facilities like that shown in Fig. 2 are 
necessary.

1. 	

[2] 

2.	  

[2] 
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	 (b)	 With reference to Fig. 2, describe how the facility operates.

[3]
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3	 (a)	 Fig. 3 below shows a typical Solar PV cell installation. 

		  Name A and B in Fig. 3 below. 

A:� [1]

B:� [1]

Load
n-type semi-conductor

p-type semi-conductor

Glass cover

A

B

Back Contact

Front Contact

Source: © Principal Examiner

Fig. 3

	 (b)	 Explain the operation of the Solar PV cell in Fig. 3. 

[4]
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	 (c)	 Name two of the main material types of PV module. 

1.	 [1]

2.	 [1]
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4	 (a)	 Coal, oil and gas are all examples of what type of non-renewable 
resource?

[1]

	 Coal, oil and gas are commonly used to produce energy in the forms of 
electricity and heat. An alternative method of producing energy is to use 
renewables.

	 (b)	 Name two microelectricity technologies and two microheat 
technologies.

		  Microelectricity technologies:

[2]

		  Microheat technologies:

[2]

	 (c)	 The Intergovernmental Panel on Climate Change has produced 
reports that link the combustion of coal, oil and natural gas to 
increased global carbon emissions which cause climate change. 

		  Identify three environmental changes being caused by climate 
change.

1.	

[1]

2.	

[1]

3.	

[1]

	 (d)	 State the name of the concept developed at the Kyoto Protocol in 
1997 intended to help reduce carbon emissions.

[1]
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5	 (a)	 (i)	 State the Brundtland Commission definition of sustainable 
development. 

[2]

	 The Brundtland Commission led to several significant global agreements 
on energy conservation and climate change. The findings have influenced 
many laws including targets which have been set for Northern Ireland. 

		  (ii)	 State the Northern Ireland targets for 2020 aimed at reducing 
greenhouse gas emissions and improving energy efficiency.

[1]

	 (b)	 Explain the term Energy Density.

[2]
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(c) Table 1 shows the energy density of different fuel types.

Table 1

Category Fuel Type Energy Density (MJ/ kg)

Renewable Wood 16

Non-renewable Coal 24

Non-renewable Oil 44

Non-renewable Natural Gas 55

Nuclear Uranium-235 3 900 000
Source: Adapted from © J.M.K.C. Donev et al. (2021). Energy Education - Energy density
https://energyeducation.ca/encyclopedia/Energy_density.

With reference to Table 1:

(i) Discuss the use of renewable fuel as a viable alternative to
non-renewable fuels.

[2]

(ii) Discuss the use of nuclear fuel as a viable alternative to
non-renewable fuels.

[2]
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6	 (a)	 A local school is considering the installation of a ground source 
heat pump. 

		  Identify two economic benefits and two environmental benefits for the 
school if they choose to install a ground source heat pump.

		  Economic benefits

1.	

[1]

2.	

[1]

		  Environmental benefits

1.	

[1]

2.	

[1]

(b)	 Explain the role of the following parts of a ground source heat pump:

(i) Evaporator

[2]
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(ii) Compressor

[2]

(iii) Condenser

[2]

(iv) Expansion valve

[2]

(c) The school is located in a busy town and has a limited amount of
space. Discuss what type of ground loop would be best for the
school’s ground source heat pump.

[2]
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7	 Biomass fuel chains have the potential to provide up to 21% of UK 
electricity demands at a viable cost. The UK could build internationally 
competitive industries in several areas of biomass such as in energy crop 
breeding, in established combustion and process engineering sectors, in 
novel biogas technologies and in large-scale biomass process 
engineering. 

© Biomass for heat and power in the UK: A techno-economic assessment of long term potential, final 
report by E4tech http://webarchive.nationalarchives.gov.uk/+/http:/www.berr.gov.uk/files/file22065.pdf

Discuss the types and use of biomass as an energy source. Your answer 
should focus on the following:

 The types of biomass and its use for macrogeneration and
microgeneration

 Advantages and disadvantages of commercial anaerobic digesters
 The composition of biogas

The quality of written communication will be assessed in your 
answer.
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THIS IS THE END OF THE QUESTION PAPER

[15]
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