
ENERGY AUDIT T T AL-SHEMMERI P3 

1 Energy & the Environment 

1.1 Describe the energy conversion in each of the following units 

• an aeroplane 

• a push mower 

• a radio 

Ans. (chemimech,mechimech,elecimech) 

SOLUTION: 

UNIT INPUT OUTPUT 

Aeroplane chemical Mechanical 

Push Mower Mechanical Mechanical 

Radio electric Mechanical 
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1.2 Calculate the thermal energy needed to raise the temperature of 40 lit res 

of water from 10 to 40 cC. 

If the above process is completed in 5 minutes, what is the power of the 

heater? 

Assume for water: 

1 Litre weights 1 kg 

Cp = 4200 J/kgK 

Ans. (5040 kJ, 16.8kW) 

SOLUTION: 

(a) calculate the heat (thermal energy) required to raise the temperature of 

water: 

Thermal energy = Mass x specific heat x temperature difference 

= 40 x 4200 x (40-10) 

= 5040000 J or 5040 kJ 

Note that 40 lit res of water has a mass of 40 kg. 

(b) By definition, power is the rate of energy consumed, hence: 

Power = Energy / time 

= 5040000 / (5x60) 

= 16800 W or 16.8 kW 
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1.3 Using Einstein's mass-energy equation ( E=mC2 
) Determine the energy 

produced when a bar of Uranium of 25mm diameter, one meter long ( density 

8400 kg/m3 
) undergoes a nuclear chain reaction. 

Assume speed of light C = 3x108 m/s 

Ans. (3.71 x1 017 Joules) 

SOLUTION: 

The mass has to be in units of kilograms 

m = (1t/4) 0 2 x 1 x p 

= (1t/4) 0.0252 x 1 x 8400 

= 4.125 kg 

Using the famous Einstein's mass-energy equation, the Energy liberated from 

nuclear fissioning is calculated: 

E = m C2 

= 4.125 x (3x1 08 
)2 

= 3.71x1017 J 



ENERGY AUDIT T T AL-SHEMMERI P6 

1.4 A car engine consumes 0.2 Litre of fuel every minute; the petrol has a 

heating value of 45 MJ/kg and a density of 800 kg/m3 If only third of the fuel is 

converted into useful mechanical energy, determine the power of the car. 

Discuss the fate of the wasted energy. 

Ans. (40 I<W) 

SOLUTION: 

Mass of fuel used = volume x density 

= (0.2/1000) x 800 

= 0.16 kg/minute 

= 0.0026 kg/s 

Chemical energy liberated from burning fuel is calculated using equation 1.3: 

Useful energy = mass x calorific value x combustion efficiency 

= 0.0026 x 45000000 x (1/3) 

= 40000 J/s 0N) 
= 40 I<W 

This is the useful part utilised to move the car. 

The remaining energy content of fuel has been wasted as 

Thermal energy carried away by the exhaust gases 

Thermal energy carried away by the engine cooling system 

Mechanical energy wasted as friction in various places. 

Other minor forms such as sound and light generated due to excessive friction 

between tyres and the road. 
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1.5 Determine the potential energy of water contained in a lake, if the lake size 

is 200m3 and its water level is 30m above the axis of a water turbine. 

Determine the velocity of the water at the turbine inlet, if losses due to 

friction in the pipe represent an equivalent of 5m energy head. 

Ans.(58.86 MJ, 22 m/s) 

SOLUTION: 

The potential energy of the water behind the dam is calculated 

Potential energy = m g h 

Mass of water = volume of the lake x density of water = 200 x 1000 = 2x1 05 kg 

Potential Energy PE = 2x1 05 x 9.81 x30 

= 5.886x1 07 J 

Potential energy is converted into kinetic energy at the turbine inlet, less the 

energy consumed in overcoming friction, hence: 

Potential energy ( m g h ) = kinetic energy ( % m x V2) 

Hence v =-!2gh 

= -!2x9.81 x25 

=22.147m/s 
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1.6 Coal, which has the following composition by weight: 

Carbon 50% 

Hydrogen 10% 

Sulphur 20 

Incombustibles 20% 

Determine the calorific value of this fuel assuming that the enthalpy of 

evaporation for the following is: 

Carbon 32793 kJ/kg; 

Hydrogen 

Sulphur 

Water vapour 

Ans(30.5 MJ/kg) 

SOLUTION 

142920 kJ/kg 

9300 kJ/kg 

- 2256.7 kJ/kg 

The heat release of burning one kilogram of coal can thus be estimated as the 

sum of energy released (Table 1.2) from the proportions given above of carbon, 

Hydrogen and Sulphur contained in coal. Hence, Calorific value of coal is 

calculated as follows: 

Part due to combustion of carbon +32793xO.50 = 16396 

Part due to combustion of Hydrogen +142920xO.01 = 14292 

Part due to combustion of Sulphur +9300xO.2 = 1860 

Part lost in combustion of water content -2256.7x 0.01 x9 = - 2031 

Calorific value of coal 16396+14292+1860-2031 = 30517 kJ/kg 




