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	Energy sources
	



questions

1
a
Estimated values provided below. Each family or household will have different costs.

b
In these assumptions we have ignored seasonal variations and the fact that costs will undoubtedly rise in coming years, particularly for petrol.

	
	Cost per quarter ($)
	Cost per year
($)
	Cost over 20 years ($)

	Electricity
	350
	1 400
	28 000

	Gas
	90
	360
	7 200

	Car fuel
	450
	1 800
	36 000


2
a
Chemical potential energy

b
Gravitational potential energy/kinetic energy

c
Electrical energy

d
Nuclear/chemical potential energy

e
Thermal energy

3
Bananas contain significant quantities of carbohydrates such as simple sugars (glucose and fructose) as well as complex carbohydrates such as starch and some cellulose. This chemical potential energy is liberated by the digestion and subsequent metabolism of the banana inside the athlete. The energy released during cellular respiration is converted to thermal energy to heat the body, electrical energy for nerve functioning, mechanical energy to peddle the bicycle etc.

4
Numerous possibilities, including use of transport (cars, trains, trams etc.), cooking appliances for breakfast, mobile phones, laptop computers etc.

5
Different countries have varying access to, and need of, energy sources. People in developing countries do not have access to the electrical appliances and transport alternatives that are available in developed countries. Industry and commerce also are major drivers of energy consumption, particularly in Australia.

6
The simplest reason is that it is scarce and the readily available sources of petroleum have already been exhausted. Petroleum now needs to be accessed from remote parts of the country and/or from under the ocean.

7
The burning of fossil fuels such as brown coal liberates enormous quantities of pollutant gases into the atmosphere: carbon dioxide, sulfur dioxide and trioxide (SO2 and SO3) and nitrogen monoxide and dioxide (NO and NO2). Large quantities of ash are also produced. Global warming and acid rain are significant environmental hazards that can no longer be ignored.

8
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b
Coal contains significant amounts of water that must first be removed before the coal can undergo combustion. Considerable energy is also lost in the conversion of thermal energy of steam to mechanical energy of the spinning turbine. There are several steps involved. Losses at each step mean that the overall efficiency is low.

c
The term ‘non-renewable’ means that the energy source cannot be immediately replenished or replaced.

d
Solar, hydroelectric, wind, geothermal and tidal energy are renewable energy sources.
9
a
Carbon dioxide, sulfur dioxide and trioxide (SO2 and SO3) and nitrogen monoxide and dioxide (NO and NO2). Large quantities of ash are also produced. 

b
Coal is not pure carbon; it contains measurable quantities of sulfur and other incombustible substances. When combustion occurs, the sulfur burns to produce sulfur oxides. At the high burning temperatures, nitrogen oxides are also formed by the reaction of oxygen and nitrogen in the air.

c
The problems caused by these pollutants can be limited by:

•
stack gas treatment to remove ash and other impurities 

•
the use of fluidised beds for combustion 

•
geosequestration.

10
For the purpose of the calculation we will assume that the coal is 100% carbon and that it undergoes complete combustion according to the equation:

C(s) + O2(g) ( CO2(g)

n(C) = 
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 = 2.5 × 1012 mol

n(C) = n(CO2)

(V(CO2) = n × VM = 2.5 × 1012 × 24.5 = 6.1 × 1013 L

11
The major problem with electric-powered cars is that the electricity to power the vehicle must still be supplied. In Victoria the major sources of electric power are coal-fired power stations and natural gas-fired turbines. As both of these fuels are non-renewable fossil fuels, the problem of emissions has not actually been overcome but merely shifted from one source to another.

12
a
Alternative sources include ethanol and biodiesel. 

b
Both of these fuel sources are renewable, which is an obvious advantage. Both also require the provision of significant infrastructure in terms of both supply and delivery, which would be both expensive and time-consuming.

13
a
CH4(g) + 2O2(g) ( CO2(g) + 2H2O(l)

b
2C8H18(l) + 25O2(g) ( 16CO2(g) + 18H2O(l)

c
S (in coal) + O2(g) ( SO2(g)

d
2NO2(g) + H2O(l) ( HNO3(aq) + HNO2(aq)

14
a
It is nuclear fusion, as the nucleus being produced is heavier than the constituent nuclei from which it formed.
b
This reaction could not be used as an energy source on Earth as it is incredibly difficult to generate the extremely high temperatures (in excess of 100 million ºC) required to initiate the fusion reaction.

15
a
This is nuclear fission, as the nuclei being produced are lighter than the constituent nucleus from which they formed.

b
The energy released by this reaction comes from the small loss of mass that results when a large and heavy nucleus such as this undergoes fission. The energy released is determined by applying Einstein’s famous formula E = mc2.

c
Nuclear fission reactors can be the source of some concern as they generate both high- and low-grade nuclear waste materials that are radioactive for many years. The nuclear power plant itself is also radioactive after its decommissioning. 

Review Questions 

1
a
Sunlight ( chemical potential energy in coal ( thermal energy in steam 
( mechanical energy in spinning turbine ( electrical energy in generator 
( light energy in home

b
Sunlight ( chemical potential energy in diesel fuel ( mechanical energy within generator motor ( electrical energy output

c
Gravitational potential energy of water in dam ( mechanical energy in spinning turbine ( electrical energy in generator ( electrical energy converted to mechanical energy of the food blender

2
Coal is formed by the decomposition of plant material over many millions of years. As the plant material was formed by the action of photosynthesis, which relies on sunlight, coal is effectively a form of solar energy.

3
The major constituent of coal is carbon, which burns in air to produce carbon dioxide, a significant greenhouse gas.


C(s) + O2(g) ( CO2(g)


Coal however is not pure carbon. When combustion occurs, atoms such as sulfur also burn to form sulfur dioxide gas, a pollutant.


S(s) + O2(g) ( SO2(g)


At the high burning temperatures, nitrogen oxides are also formed by the reaction of oxygen and nitrogen in the air.


O2(g) + N2(g) ( 2NO(g)

4
Mass of carbon burnt = 25% of 67 million tonnes = 16.8 million tonnes

The relevant equation for the combustion of coal is:

C(s) + O2(g) ( CO2(g)

n(C) = 
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5
a
Nuclear power generates no greenhouse gases and so is environmentally friendly in that regard. Significant amounts of power are able to be generated from relatively small amounts of fuel.

b
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.

c
The forecast of extensive use of nuclear power in this country has proven incorrect for mainly political reasons: we have sufficient coal to meet our needs and the infrastructure is already in place. The fact that coal is an enormously polluting source of fuel in terms of greenhouse gases has not been considered of sufficient importance.

6
Mass of uranium required = 
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7
In the nuclear fission process, the splitting of a nucleus produces smaller nuclei. A typical reaction within the fuel rods of a nuclear power plant might be:
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Fusion is the process whereby lighter nuclei (such as hydrogen) are joined together to produce heavier nuclei (such as helium). A typical reaction might be:
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b
The Earth’s primary source of energy is sunlight. Sunlight is generated by a nuclear fusion reaction:
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8
a
Firewood is a significant problem as the need for wood far outstrips the available supply. Trees simply cannot grow fast enough to meet the needs of people in poor and developing countries.

b
Alternative energy supplies are difficult for people in these conditions. Wind or solar might be viable if subsidised by developed countries; the burning of dung as a heat source is commonly used by farming communities.

9
The monsoonal rains of the northern reaches of Australia ensure that there is an ample supply of water available for hydroelectricity generation.

10
a
Solar cells are widely used as a source of hot water, domestic electricity supplies and to power lights on road signs.

b
Solar power is still expensive due to the cost of manufacturing solar cells and their relative inefficiency.

11
Solar-powered electricity is only viable when the sun is shining (for obvious reasons!). As a source of power for a household or business, the power generated during daylight hours must then be stored for use at night or on cloudy days. Lead–acid accumulators (car batteries) are the most common method by which solar power is stored.

12
A solar tower is a chimney-like structure set in a hot, inland location. The sun warms the air in the tower so that it is hotter than the surrounding air. This leads to a flow of air from top to bottom of the tower. The flowing air can act as a source of wind, which can be used to turn a turbine.

13
a
Large numbers of people turned on their television sets to watch Cathy Freeman compete at the Olympics.

b
When peak power demands are required, hydroelectricity is useful as it is easy to release water from the dam and so generate a virtually instantaneous extra electricity supply.

14
a
The major advantage of cars running on electricity is that they produce no emissions whatsoever. They are also quiet to run.

b
Disadvantages are that it is difficult for an electric-powered vehicle to generate the substantial surge of power/torque required for overtaking. The batteries may also need to be recharged on a regular basis, which would mean that the car was unusable over this time.

15
a
The answer to this question will obviously depend on the location of the community. Tidal power is only useful to coastal communities, geothermal power is virtually useless in this country as we are not geologically active, and wind power depends on the prevailing winds and accessible land.

b, c
Refer to the table on page 325 of the coursebook.

16
a
Biochemical fuels (biofuels) include any substance of organic origin that can either be burnt to produce energy or can be usefully converted into another fuel.

b
The significant advantage of using ethanol as a fuel supplement in cars is that it diminishes the amount of petrol being used and so provides society with extra time to develop alternative fuel sources to this fossil fuel.

c
Ethanol is not as efficient a fuel as petrol and so more must be burnt to cover the same distance. As ethanol is generated from crops such as cane sugar, it means that land must be dedicated to growing crops for fuel rather than for food.

17
This argument is suggesting that high prices for petrol will limit the amount people use for non-essential travel. It may also hasten development of alternative energy sources. Do you think that this is actually happening?

18
a
Biodiesel is an alternative to diesel that is made from renewable resources. It can be made from vegetable oils or animal fats.

b
Biodiesel is formed when the triglycerides are reacted with concentrated sodium hydroxide and methanol. The sodium hydroxide breaks the ester bond in the triglyceride, allowing the methanol to form an ester with the long fatty acid molecule. Refer to figure 8.4.5 of the coursebook for the equation. 

c
This biological and renewable fuel acts as a real alternative to the petroleum-sourced diesel fuel used extensively in large trucks, ships and train engines. The biodiesel alternative can be used directly in these engines without the need for modification of the motor. 

19
a
C6H12O6 ( 2C2H5OH(aq) + 2CO2(g)

b
C2H5OH(aq) + 3O2(g) ( 2CO2(g) + 3H2O(l)
(H = –1370 kJ mol–1
1.00 L of ethanol has a mass of 785 g.

n(C2H5OH) = 
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From the equation, one mol of ethanol produces 1370 kJ.
( 17.1 mol produces x kJ

( x = 17.1 × 1370 = 2.34 × 104 kJ = 23.4 MJ L–1
20
With a little thought it should be easy to see numerous ways in which energy can be saved in our local environment through to globally.

Examination questions

Multiple choice

1
C

2
A

Extended response

1
a
Victoria does not have sufficiently high rainfall to allow for further development of hydroelectric power. The Snowy River hydroelectric scheme experiences difficulty in times of drought to generate electricity from the diminished water supply.

b
Nuclear wastes exhibit varying levels of radioactivity, from low grade to high. These nuclear wastes must be stored away from ecosystems for thousands of years while the natural process of radioactive decay takes place.

c
Coal is formed by the decomposition of plant material over many millions of years. As the plant material was formed by the action of photosynthesis, which relies on sunlight, coal is effectively a form of solar energy.

2
a
CH4(g) + 2O2(g) ( CO2(g) + 2H2O(l)

b
Chemical potential energy of methane ( thermal energy as fuel is burnt ( thermal energy of steam ( mechanical energy of spinning turbine ( electrical energy

c
Considerable amounts of energy are lost in the conversion of the thermal energy of the steam to mechanical energy of the spinning turbine. Any conversion will result in some loss of energy, as no change can be 100% efficient. Several conversions mean that energy is lost at each step, leading to a low overall efficiency.

d
Natural gas (methane) is mined from deposits in Bass Strait and other sources. It can also be captured from the decomposition of organic wastes in specially designed landfill sites.
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