CHAPTER 10 - ENERGY AS A RESOURCE





10.1 Introduction


For most of man’s brief stay on this planet we have used little energy other than that which may be supplied by our own bodies or those of animals, such as horses or oxen. With the development of the steam engine by James Watt in 1775 industry had a means of supplying power unheard of at the time, and its ramifications were far-reaching. The agrarian economies of England and Europe were to be forever lost - the Industrial Revolution had arrived.





Western societies now consume energy at a voracious rate - up to 100 time more per head of population than people of Ancient times. In Australia about 95% of our energy needs are supplied from the fossil fuels; coal, petroleum and natural gas. By their very nature these fuels are limited, we are consuming them at a far greater rate than they can possibly be regenerated: almost 30,000 million litres of petroleum and 215 million tonnes of coal were mined in 1992. The next century is sure to see a reconsideration and re-evaluation of the ways in which we generate and utilise energy - our profligate waste of this most precious of resources cannot continue unabated.





10.2 Types of Energy and their transformations


In physics we would define energy as “the capacity of a body or system to do work”, though such a formal definition is, at first glance, somewhat less than enlightening! In chemistry we tend to consider energy more in terms of how it may manifest itself: a reaction may release chemical potential energy to the surroundings (exothermic) or absorb it (endothermic). We often talk of the kinetic energy of particles in the solid, liquid or gaseous states and how this may affect the rate and extent of a reaction. Energy can take a wide variety of forms, some of which are  listed below:


	(i) chemical energy			(ii) light energy	


	(iii) sound energy			(iv) electrical energy


	(v) mechanical energy			(vi) nuclear energy





Of great significance to us is the transformation of energy from one form to another and the efficiency with which this transformation may be achieved. Efficiencies are generally expressed as a percentage, where 100% efficiency means no energy whatsoever was lost in the transfer and 0% means all of the available energy was lost. In practice, efficiencies are between these two values, as the perfect transfer of energy from one form to another without loss is not possible. The most common cause of loss of efficiency in any object with moving parts is friction, with this loss of energy generally manifest as heat. A motor vehicle engine, for example, loses around 60% of the available energy from the fuel being used as heat. The primary source of nearly all energy forms on earth (excluding nuclear energy) is the sun and it is photosynthesis in plants which sustains nearly all of the myriad life forms on the planet, either directly or indirectly. Interestingly, the process of photosynthesis is extraordinarily inefficient, with less than 1% of the incident energy of the sun’s rays eventually being converted into plant matter. Some typical efficiencies of common energy interconversions are listed in the table below:





Table 10.1  Energy transfer efficiencies





Process�
Energy forms�
Typical % efficiency�
�
photosynthesis�
light ( chemical �
 < 1%�
�
solar cell�
light ( electrical�
5 - 10%�
�
motor vehicle engine�
chemical ( mechanical�
20 - 30%�
�
steam turbine�
heat ( mechanical�
45%�
�
electric motor�
electrical ( mechanical�
60 - 90%�
�
dry cell�
chemical ( electrical�
60 - 90%�
�
hot water heater�
electrical ( heat�
almost 100%�
�



It is important that we should recognise that energy cannot be ‘lost’, it can merely be converted from one form to another. This concept is clearly stated in the ‘Law of conservation of Energy’:





Energy can neither be created nor destroyed, but merely changed 


	from one form to another.





	10.2.1 Units of Energy


The fundamental unit of energy is the Joule, where one Joule is defined as ‘the amount of energy expended to accelerate a mass of 1 kg through a distance of 1 metre in 1 second’. This definition is of limited value to us in chemistry, so we employ two other more useful definitions for our purposes:





4.184 J of energy are required to raise the temperature of 1 gram of water by 1(C





1 Joule of electrical energy is passed when a current of 1 amp at a potential difference of 1 Volt flows for 1 second.


	Mathematically,  E = VIt,  where V = potential difference (in volt)


					      I = current (in ampere, where 1 A = 1 Coul/sec)


					      t = time (in seconds)





As the unit of one Joule is quite small, it is more common to work in ‘kilojoules’, where


			1000 J = 1 kJ





10.3 The fossil fuels


Non-renewable fuel�
Proportion�
�
Black coal�
55%�
�
Brown coal�
27%�
�
Oil and gas�
2%�
�
Uranium�
16%�
�
					Australia’s reliance on fossil fuels is almost total: Table 10.2 Australia’s fuel reserves	around 95% of our energy needs are met by these                                                                                                   fuels, although Tasmania generates much of its needs  from the abundant supply of hydroelectricity. In Victoria we have enormous reserves of brown coal (estimated at around 43,300 million tonnes) which are expected to last for some hundreds of years; the outlook is not nearly as positive with respect to petroleum, where our reserves are unlikely to last more than another decade.


 


	10.3.1  Coal and coal-fired power stations


Coal is formed by the decomposition over many millions of years of plant matter. Approximately 65 million years ago the Earth was a very different place indeed, with lush and verdant growth of tree ferns across huge tracts of land and a warm and moist climate. As the plants died and rotted they were covered by successive layers of plant material and dirt. Over years, this material decomposes under aerobic conditions to produce peat: a low-grade fuel with moisture content as high as 80%. As more and more layers of material are laid down the air is excluded, pressure and temperature increases and coal begins to form under anaerobic conditions. Over time, the peat is converted first to brown coal, then black coal and finally anthracite. The moisture content has decreased as the carbon content increases. The energy provided per gram of black coal is considerably greater than that which can be gained from the combustion of peat as can be seen from Table 10.2.





Table 10.3 Composition of coal





�
Peat�
Brown coal�
Black coal�
Anthracite�
�
% carbon �
10 - 15�
20 - 30�
70 - 80�
85 - 90�
�
% water�
75 - 80�
50 - 70�
5 - 10�
2 - 5�
�
Specific energy                     (kJ.g-1)�
5�
5 - 15�
24 - 33�
35 - 38�
�



Victoria has large power stations in the Latrobe Valley at Loy Yang and Hazelwood which generate about 85% of our electricity needs. In these power plants approximately 35 million tonnes of coal is burnt each year to generate steam. This superheated steam is used to drive large turbines which in turn are connected to generators. By far the greatest loss in efficiency in this process is that caused by driving off the high water content of the coal before it can be burnt. Loss of heat from the steam being generated must also be minimised, as must frictional losses in the turning of the massive turbines. There are a number of energy transformations involved in the generation of electricity by this means:





	chemical potential energy (of coal) ( thermal energy (of steam) ( mechanical 	energy (of turbine) ( electrical energy (of generator).





As each of these transformations is, by definition, less than 100% efficient, it is easy to see how the overall efficiency of the process drops to around 30%.





	

















	10.3.2 Petroleum and natural gas 


With our abundant supplies of natural gas, relatively little oil is used for heating purposes in Australia. By far the greater proportion of petroleum is converted into fuels for motor cars, trucks and aeroplanes. About 7% of the petroleum consumed in Australia is used by the petrochemical industry to make a wide range of products. Natural gas is an outstanding fuel for heating as it is relatively easy to transport and delivers a high quantity of energy per gram of fuel burnt; around 56 kJ. g-1. It is a clean fuel, yielding only water vapour and carbon dioxide from its combustion. Numerous cars now run on liquid petroleum gas (L.P.G.) in Australia, due to its relatively low cost. LPG consists mainly of propane and butane and, like methane, it is an efficient and clean fuel. 





	10.3.3 Pollution from fossil fuels


The burning of fossil fuels liberate enormous quantities of pollutant gases into the atmosphere; such as carbon dioxide, sulfur dioxide and trioxide (SO2 and SO3) and nitrogen monoxide and dioxide (NO and NO2). The amount of CO2 in the atmosphere has increased from around 275 ppm before the Industrial Revolution to 350 ppm now. Carbon dioxide is one of the ‘Greenhouse gases’ which is thought to be contributing to an overall warming of the earth. Whilst there is still debate as to the magnitude of the warming that may be taking place and what effect it may have there can be little doubt that we are causing a fundamental and profound change in the earth’s atmosphere.





Oxides of sulfur and nitrogen undergo hydrolysis reactions with water to produce weakly acidic solutions of sulfurous and sulfuric acids and nitrous and nitric acids.


	eg.  2NO2 (g)  +  H2O (l)  ---->  HNO2 (aq)  +  HNO3 (aq)


	       SO2 (g)  +  H2O (l)  ---->  H2SO3 (aq)


	       SO3 (g)  +  H2O (l)  ---->  H2SO4 (aq)





 These contributors to acid rain can have devastating effects on both the man-made and natural environments, as is clearly in evidence in both Eastern and Western Europe and Scandinavia, where many pristine lakes and large tracts of forest have been decimated. The acid rain has also had a most serious effect on many of the beautiful marble sculptures in cities such as Rome and Venice, where the acids literally dissolve the marble:


	CaCO3 (s)  +  2H+ (aq)  ---->  Ca2+ (aq)  +  CO2 (g)  +  H2O (l)





10.4  Nuclear fission and fusion


In the early 1950’s nuclear energy was hailed as the wonder source of cheap and almost limitless energy that would carry us well into the next Century, and there was good reason for the enthusiasm! It has been calculated that 1 kg of uranium could yield as much energy as 2500 tonnes of coal, and the world has substantial reserves of uranium. France is one of the major users of nuclear energy, with 55 nuclear power plants in that country. As one might expect, the United States (110) and the former USSR (55) also have substantial interests in this mode of electricity generation. The risks associated with nuclear power plants and the radioactive wastes generated therein are now well known, after the well publicised explosion at Three Mile Island in the United States in 1979 and the tragedy of the Chernobyl disaster (in the former USSR, near the Ukraine) in 1986.


	10.4.1 Nuclear fission


Nuclear fission reactors harness the enormous amounts of energy released when the large, unstable nuclei of the uranium-235 isotope are broken apart by high energy neutrons. The splitting of the nucleus produces two smaller nuclei, extra neutrons and energy. The extra neutrons are free to bombard surrounding uranium nuclei, thus setting off a chain reaction. A typical reaction within the fuel rods of a nuclear power plant might be:


	235U92  +  1n0  ---->  127Sn50  +  104Mo42  +  5 1n0  +  energy





The source of the energy is the nucleus itself; a tiny amount of the mass of the nucleus is converted into energy as a result of the reaction. This conversion of mass to energy was first proposed by Albert Einstein in his ‘Special theory of Relativity”, published in 1905. This famous piece of work delivered to the world a simple equation:


E  =  mc2





The energy released by these nuclear reactions is harnessed by boiling water to generate superheated steam which is used to drive turbines coupled to generators. Apart from the original source of heat to produce the steam, the process is effectively the same as that used in coal-fired power stations to produce electricity.





Unfortunately, nuclear reactions do not generate their energy only as heat; much energy is also given off in the high energy sections of the electromagnetic spectrum, including ( (gamma) radiation. Many of the products of these nuclear reactions are themselves radioactive and produce large amounts of alpha, beta and gamma radiation. The length of time these products give off radiation varies from mere seconds to, in the case of plutonium-239 with a half-life of 24,000 years; a very long time indeed! Nuclear wastes from plants (and, indeed, the decommissioned plants themselves) have to be stored well away from people and wildlife for many years until their radioactivity has decreased to safe levels. Geologically stable sites are currently being used to store many of these wastes, though suitable sites and new technologies are still needed.





	10.4.2 Nuclear fusion


Unlike nuclear fission, the fusion process generates no radioactive wastes and also produces vast quantities of energy. Fusion is the process whereby light nuclei (such as hydrogen) are joined together to produce heavier nuclei (eg. helium). Again, the products of the reaction are slightly lighter than the reactants, with the ‘missing’ mass being manifest as energy. A typical reaction might be:


		2H1  +  2H1  ---->  3He2  +  1n0 





This class of reaction is what occurs in the sun and maintains its extraordinary output of energy. Unfortunately, fusion reactions require temperatures in the order of 100 million (C and, despite enormous sums of money having been spent for many years in research, this particular Holy Grail remains elusive here on Earth. There can be little doubt that controlled fusion reactions would be a marvellous boost to the world’s energy supplies, if and when they can finally be effectively harnessed. 





The fusion of just 1 gram of deuterium (the ‘heavy’ isotope of hydrogen, 2H1, shown in the equation above) would yield in the order of an astonishing 40,000 million Joules of energy! As the two heavy isotopes of hydrogen, deuterium and tritium, occur naturally in all hydrogen-containing compounds there are estimated to be many millions of tonnes of these isotopes available to be isolated from the world’s oceans. 





10.5 Renewable energy sources


Solar energy is an energy source eminently well suited to particular applications such as heating and small-scale domestic power supply. It is most commonly employed in hot water systems for the home and smaller industries, as well as for heating the water in swimming pools. Approximately 5% of Australian residences are now using solar water heaters and the local industry is producing 30,000 per year to meet demand. 





To generate electricity directly from the sun’s rays special devices known as photovoltaic cells must be used. Unfortunately, these devices are still quite expensive and relatively inefficient, with only around 10 - 15% of the energy from the sun’s incident rays being converted into electricity. They operate poorly under cloudy conditions and cannot function at all through the night, a time when energy demands are often high. These fluctuations in the power supply act as a severe disadvantage in that a solar system is rarely practicable as the only source of available power. Many people living in remote areas of the country use solar power as a most welcome supplement to their power supplies, but must still rely on diesel generators when the solar supply cannot meet demand. 





Hydroelectricity is the name given to the power generated by the passage of water. It is used extensively in Tasmania, where high rainfall and numerous, fast-flowing rivers are well-suited to this form of power generation. Perhaps the most famous hydroelectric scheme in the southern states of Australia is the ‘Snowy river hydroelectricity scheme’ built in the 1950’s. Water is channelled from the Snowy and Eucumbene rivers and passes down a series of pipes in a vertical drop of 800 m, after which it has gained enormous kinetic energy from the conversion of gravitational potential energy. In this case, the energy needed to drive the turbines is delivered by the kinetic energy of moving water. With its dry climate, this particular source of electricity is only applicable to very limited sites in Australia and generally acts as a supplement to other sources, such as coal-fired power stations.





Other renewable sources of energy that are used to varying extents around the world include wind power, tidal power, geothermal power, firewood and the use of biogas. All of these applications have merit in certain applications, depending on the circumstances and available resources of the users. None are employed extensively in this country.




















10.6 Summary/ Objectives


At the end of this Chapter you should


	- recall that energy can be manifest in a wide range of different forms (heat, light, mechanical, electrical etc) which are interconvertible


	- understand that whenever energy is converted from one form to another some is ‘lost’ due to less than 100% efficiency. In reality, the energy has merely been dissipated in a less useful form (often as heat or sound)


	- recognise that the fuels on which modern society rely are predominantly nonrenewable fossil fuels - we are making inefficient use of the renewable forms, such as solar and hydroelectricity


	- in Australia we use large quantities of coal (brown in Victoria, black in NSW and Queensland) to generate our electricity requirements


	- appreciate that both nuclear fission and fusion have significant problems associated with their use: a broad understanding of these problems is necessary


	- recognise that, as a society, we will need to have a much lesser reliance on the nonrenewable fuels (particularly the fossil fuels, petroleum and coal) as we move into the next millennium


	- recall that the unit of energy is the Joule, and that 1000J = 1 kJ


	


�
Chapter 10 Questions





Q1.  List the energy transformations which occur when


	(i) a light is turned on in a suburb of Melbourne


	(ii) a diesel generator is started on an outback sheep station


	(iii) a food blender is switched on in a suburb of Hobart, where most of the electricity supply is generated at hydroelectric plants


In each case begin with the original source of the energy supplied to the appliance.





Q2.  In parts of Queensland, ethanol (produced from the fermentation of sugar cane) is used as a supplement to petrol in motor vehicles. What advantages are there in using ethanol in this way?





Q3.  The rural inhabitants of many developing countries use firewood as their principle source of fuel for domestic heating and cooking needs. What problems might be associated with using firewood in this manner? What alternative sources of fuel might they use?





Q4.  In the late 1970’s the Australian Atomic Energy Commission forecast that by the year 2000 nuclear power plants would be supplying 60% of the world’s electricity generating capacity. It is practically certain that this forecast will be proven incorrect. Discuss the benefits and problems associated with the use of nuclear power. Why do you think that the forecast has proven to be so incorrect?





Q5.  Solar cells are being used for a much wider range of applications in Australia today than they were as little as 10 years ago. List 5 applications of solar cells that you have seen or heard of in recent times. 





Q6.  Approximately 35 million tonnes of brown coal are bunt in Victoria each year to generate around 85% of our electricity needs. If the coal has an average carbon content of 25% calculate the volume of CO2 produced by the complete combustion of the carbon component of this coal at standard laboratory conditions of 25 (C and 1 atm. pressure.





Q7.  If 1 kilogram of uranium supplies the equivalent amount of energy to 2500 tonnes of coal, calculate the mass of uranium Victoria would require to completely replace its reliance on brown coal (35 million tonnes per year). 





Q8.  The governing body of the City of Los Angeles has passed legislation stating that 2% of all new cars sold in the city must have zero exhaust emissions by the year 1998. The only commercially viable way of achieving this is with a car powered by electricity. List the advantages and disadvantages of running a car on electric power.





Solutions to Chapter 10 questions





Q6.  1.63 x 1013 dm3		Q7.  14 tonnes











