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Can we use energy up?
The word ‘energy’, in its everyday meaning, has come to represent an ability to do something useful and is best represented in science by saying something has ‘fuel value’. As this ‘energy’ is ‘used’ it degrades into waste heat. In this way energy can be seen as a flow — from high grade, useful sources to scattered waste heat. This is unlike our experience of matter, which (at an atomic level) cannot be destroyed, so needs to be cycled. These material cycles, whether natural or human, need to be fuelled by an energy source.

  Everyday conversation might say, ‘Energy is being used up, so we must conserve it, and use it wisely.’ A scientist, on the other hand, might say, ‘When something happens the total amount of energy does not change, so the amount of energy in the universe is constant – it is conserved.’  The problem is that the words energy and conservation mean different things in both cases. We need to consider the laws of thermodynamics to understand this.

  What the scientist says agrees with the first law of thermodynamics, which is the law we teach in secondary school: the amount of energy remains the same, energy cannot be created or destroyed. If you measure the joules at the start of a change (eg. The chemical energy available from burning the petrol in your car) there will be the same number of joules at the end (as movement, sound and heat).  However once the petrol has been burnt in the car engine, the energy has become scattered as waste heat and movements of air, and it cannot be used any more, and we are likely to say the energy has been ‘used’. This everyday use of the word energy agrees more closely with the second law of thermodynamics: energy degrades to waste heat as it is ‘used’. 

  We see this progression from a concentrated useful resource to scattered waste all around us. Rooms become untidy, bath water becomes dirty, electrical energy provides light in our home and then becomes scattered as waste heat. The energy is spread in the room and then into the environment. It is the second law at work – the universe becomes less ordered – everything spreads out over time. High-grade energy must be degraded to maintain or create order. For example, for a room to remain tidy, there has to be an input of energy (muscle power or a vacuum cleaner) so that instead of the matter in the room becoming scattered the energy you use is degraded. For an oak tree to develop from an acorn the sun’s energy must be constantly degraded and ‘used’ through photosynthesis.

  Science courses on energy at Key Stage 3 often start with an energy ‘circus’ where pupils experience energy ‘transformations’ from one ‘form’ to another. In all the energy changes the energy we get out is never as much as we put in, because of ‘losses’. Often these losses are a nuisance, as in the waste heat in a car or our bodies, which we have to get rid of through the cooling system or through sweat. The energy has not been lost or used up, but its usefulness has gone.

  When dealing with energy changes we suggest you use Sankey diagrams, see slide 6 in download 1.1 and download 2.2. The boxes represent energy, and the arrows are labelled by the process or object that causes the change. This makes a clear distinction between the contraptions, like the light bulb, that cause energy to be changed, and the energy itself. In addition the boxes are drawn so that their size represents the amount of energy. With all boxes being equally tall you can show that there is no loss in joules. You can then show, at each stage, what proportion of the energy is transferred usefully, and what fraction is ‘wasted’ as heat. In slide 6 it is the white boxes that represent useful energy that is transferred to the next stage. The black boxes are waste heat, but they all add up, in the end to equal the useful energy we started with. 

  To make things happen, high-grade energy has to become spread out and dissipated as waste heat. Thus in a 100 watt ordinary light bulb (giving out 100 joules per second) high grade electrical energy is transferred into light (5 joules per second) and waste heat (95 joules per second). You can replace this with a 16 watt energy efficient light bulb which still transfers 5 joules a second as light, as before, but only wastes 10 joules as heat so is 6 or 7 times cheaper to run. Energy cannot be renewed once it has dissipated, but we can replenish it by burning more fuel, or waiting for more sunlight to arrive. 
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See also Ross et al (2005) Energy unit from Science Issues CD. 
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