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Question 1
A wall of a building has an area of 40 m². The U-value for the wall is 1.1 W/m² K.
(a)	If the inside temperature is 20°C and the outside temperature is 16°C, calculate the rate of heat loss through the wall. Include the correct units in your answer.
	
	
	

	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for substitution)
(1 mark for answer with units)
(b)	Building Regulations require a maximum U-value of 0.3 W/m²K for this wall type.
Does the current wall pass or fail?
	The wall has a U-value of 1.1, which is more than 0.30, so this wall fails.
(1 mark)
Question 2
The roof of a factory loses 1.8MJ of energy over the course of a day.
(a)	Calculate the rate of energy loss in Watts.
	First, convert energy lost from MJ to J.

Second, calculate the number of seconds in a day.

(1 mark for conversion to SI units)
Then calculate the rate of energy loss:
	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for substitution)
(1 mark for answer with units)
Electricity costs 30p per kWh.
(b)	Calculate the cost of this energy loss over a 24-hour period.
	First, convert 20.83 W to kW: 
Over a 24-hour period, this will be 0.020 83 kW × 24 h = 0.499 92 kWh.
(1 mark)
The cost of this is 30p per kWh,
So, 0.49992 × 30 = 14.9976 = 15p
(1 mark)
Question 3
A concrete wall with a thickness of 0.3 m has a density of 2200 kg/m³, and a specific heat capacity of 800 J/kgK. If the wall absorbs 500 kJ of heat per square meter over a sunny afternoon, by how much will its temperature rise?
NOTE: This property is called 'thermal mass'. It helps keep buildings cool in summer by absorbing heat during the day and releasing it at night.
First, find the volume of 1 m2 of the wall:

(1 mark)
Then find the mass of the wall using its density:

(1 mark)
Convert 500 kJ to J:

(1 mark)
Then calculate the temperature rise by rearranging :
	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for substitution)
(1 mark for answer with units)
Question 4
The flat roof of a warehouse has an area of 400 m². The temperature inside is 16°C and the temperature outside is −4°C. If the heat loss through the roof is measured to be 10 kW, calculate the overall heat transfer coefficient U of the roof.
First, convert kilowatts to watts
10 kW = 10 000 W
(1 mark)
Then rearrange Q = UA(T1 − T2) to make U the subject:
	
	
	

	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for rearranging formula)
(1 mark for correct calculation of temperature difference)
(1 mark for substitution)
(1 mark for answer with units)


Question 5
The outer walls of a warehouse have an area of 500 m². The temperature inside the warehouse is 15°C, and the temperature outside is 5°C.
(a)	The overall heat transfer coefficient of the walls is U = 1.8 W/m²K. Calculate:
(i)	the rate of heat loss through the walls in watts
	
	
	

	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for substitution)
(1 mark for answer with units)
(ii)	the total energy lost in one day expressed in both joules and kWh (assume that the outside and inside temperatures remain constant).
	First, convert 1 day to seconds: 

	Then rearrange  to find energy lost:
	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for substitution)
(1 mark for answer with units)
1 kWh = 1000 W × 3600 s = 3 600 000 J, so there are 3 600 000 J per kWh
(1 mark)


(1 mark)
(b)	The warehouse manager installs insulation in the walls, reducing the overall heat transfer coefficient to 0.9 W/m²K. Calculate:
(i)	the new rate of heat loss through the walls in watts
	
	
	

	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for substitution)
(1 mark for answer with units)
(ii)	the percentage reduction in heat loss due to the insulation.
	Percentage reduction in heat loss = 


(1 mark)
Question 6 (12 marks)
The commercial boiler of a factory operates for 8 hours and loses 50 000 BTU of heat per hour through its walls.
Calculate the total energy lost in BTU and hence the total energy lost in joules.
Give your answer in MJ.
Then, calculate the average rate of heat loss in watts. Give your answer in kilowatts correct to two significant figures.
The boiler is rated at 85% efficiency. If the input energy is 300 000 BTU every hour, is the boiler performing as expected?
NOTE: Older heating systems are often rated in BTUs. You must be able to convert these to kW to select modern replacement parts.
1 BTU = 1055 J
First, find the total energy lost:

(1 mark)


Then use the conversion 1 BTU = 1055 J:




(1 mark for converting BTU to J)
(1 mark for converting J to MJ)
To find the average rate of heat loss, first convert hours to seconds:

(1 mark)
Then use the power equation:
	
	
	

	
	
	

	
	
	


(1 mark for formula)
(1 mark for substitution)
(1 mark for answer with units)
(1 mark for answer correct s.f.)
Boiler efficiency check:
Expected useful output:
0.85 × 300 000 = 255 000 BTU per hour
(1 mark)
Assuming all wasted energy is lost through the boiler walls:
Expected heat loss:
300 000 − 255 000 = 45 000 BTU per hour
(1 mark)
Actual heat loss:
50 000 BTU per hour
The actual heat loss is greater than the expected heat loss, so the boiler is not performing as expected.
(1 mark for comparing expected to actual)
(1 mark for correct conclusion)
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