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Fuels don’t ‘contain’ energy

On this planet, it is the matter that gets cycled while energy degrades. The energy arrives as high-grade photons of sunlight and leaves as low grade infra-red radiation to space. Without this energy balance the planet would not keep its constant average temperature (actually Global Warming is occurring because the Earth has to get a little hotter, now the atmosphere is preventing IR rays escaping so easily, in order to restore this energy balance).

  Our use of fossil fuels has allowed us to develop a technology society. Careless talk suggests that these fossil fuels ‘contain’ energy. The energy that is transferred when they are used as fuels is certainly not contained within the fuel. The same argument applies to food, whose packets proudly proclaim they have an energy content.

  Consider a simpler system – many will say that the water behind a dam has, or ‘contains’ gravitational potential energy (GPE). In order to store this energy water has to be pulled away from the Earth (using solar energy). The energy is stored in the Earth–water system. Because the Earth is ‘fixed’ we find it easier to measure GPE simply by how far ‘up’ the object has been lifted, and we say that the energy is stored in this object. We should say, instead, that energy is stored in the system.

The fuel–oxygen system

We can now apply this argument to the chemical system involved with burning and respiration. It takes energy to break bonds between atoms. The electrons attract the atoms on each side of the bond. To pull the atoms apart against this electrostatic force requires input of energy. If burning or respiration is to take place we need to separate the bonds of the hydrocarbon or carbohydrate molecules and the oxygen molecules to allow them to rearrange themselves as H2O and CO2. The energy transferred during respiration and burning has come from replacing the weak double bond between the oxygen atoms in an oxygen molecule with the much stronger bonds in the oxides. Energy is not stored in the food or fuel, but it is available from the fuel–oxygen system (See download 1.1 and Ross et al (2002) CD Energy/fuels and Ross (2000). 

Photosynthesis

To complete the picture, we can now see energy from sunlight pulling the oxygen away from the oxides during photosynthesis. The whole process is summarised in slide 16 of download 1.1.  Energy comes in as high-grade sunlight ‘setting’ the system by pulling oxygen away from water. The biomass (or hydrogen, as is the case with slide 16) is passed along ‘food chains’. When life needs energy all it has to do is to take the biomass (hydrogen) and join it with oxygen, in a process called respiration*. Biomass that has fossilised and which we dig up as fuels can also rejoin with oxygen, in a process called combustion. In both cases energy is stored in the fuel–oxygen system. It is important to realise that it will continue to be stored as long as the fuel and oxygen do not rejoin, so you can crack, anaerobically digest*, fossilise, eat, reconstruct into new cells (growth using food you eat), and still retain the fuel value of the biomass. Once you allow the oxygen back, useful energy is transferred. Eventually the energy is degraded and is radiated out to space as waste heat, keeping the earth’s temperature in balance. 

  The reason why we think of energy being stored in the fuel is because oxygen is freely available in the Earth’s atmosphere. The problem for most humans is getting the fuel, but whales also have a problem getting the oxygen. When we send rockets out of the atmosphere, we climb high mountains or go under water, we have to take oxygen with us, just as whales do.

  In the system in slide 16 (Download 1.1) we need a pipe for the hydrogen – the food chain – but not for the oxygen. We take the air for granted, and we have come to think the energy is stored in biomass. The prospect of ‘clean energy’ from burning hydrogen as a fuel (see, for example: http://www.hydrogenus.com and http://fuelcellworld.org/wfchome.fcm ) is based on this system. However what many commentators fail to say is that our current source of hydrogen is from methane – a fossil fuel whose use contributes to greenhouse gas emission. The hydrogen needs to come from a replenishable source of energy, such as the sun, which can be used to split water.

*Footnote:

Anaerobic processes were the only ones that were available to life in the early part of the lifetime of our planet, when there was no oxygen dissolved in the water (and certainly none in the atmosphere). There are vent communities (at mid-ocean ridges) that use energy transferred from other chemical systems that don’t use oxygen, and many organisms live in anaerobic conditions (such yeasts or bacteria in our gut). Indeed our own muscles can operate briefly using anaerobic respiration where oxygen is not immediately involved. In these cases the ‘fuel’ molecule (eg sugar for anaerobic respiration) contains bonds that are, on average, slightly weaker than the bonds in the products (carbon dioxide and lactic acid, for example), allowing a small transfer of energy, typically about 10% of that available from aerobic processes.

This extract is summarised from pages 91-93 (Chapter 12 Difficult Ideas in Chemistry) of 
Ross, K., Lakin, E. and Callaghan, P. (2004) Teaching Secondary Science. (Second edition) London: David Fulton. Price £17 IBSN 1843121441 

See also Ross et al 2005 Science Issues CD – Energy.
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