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Chapter 23 Fossil fuels
Q1.

a
The water content of freshly mined brown coal is about 60–70%. What implications does this high water content have for the energy released from burning brown coal?

b
What pre-treatment could raise the energy content per gram of brown coal consumed in a power station?

c
If some electricity produced from burning brown coal was used to reduce its water content, then how could this energy cost by minimised?

d
What impact do impurities such as sulfur have on generating electricity from brown coal?
A1.

a
Energy will be absorbed by the evaporation of the water. The energy content per gram will be less than that for coal with a lower water content. 

b
Removal of some water by dying and/or crushing 

c
Use of off-peak (e.g. night time) electricity to dry the coal would reduce the cost.
d
Potential atmospheric pollution from oxides of sulfur require either pre-treatment to remove/reduce it from the brown coal post-treatment to remove/reduce it from exhaust gases.
Q2.

In Australia, which resource is likely to last longer before it is depleted, coal, oil or natural gas? Explain your choice.
A2.

Coal has the longest expected lifespan based on reserves and current rates of use. Carbon dioxide emission issues may reduce long-term dependence on coal.
Q3.

Wood from forests is a renewable resource that supplied global energy needs for thousands of years.

a
Why is wood no longer sustainable as the major energy source for today’s society?

b
Is it possible to have a non-renewable and sustainable energy source? Explain.

c
What can be done to increase the sustainability of our planet’s energy resources? In your opinion, who should make decisions regarding practices that affect sustainability? Discuss your answer with your classmates.
A3.

a
The rate of global energy use outstrips that which can be supplied by wood. Wood has a relatively low energy density and is unsuitable for many portable/transport applications.

b
Using a non-renewable energy source cannot be sustained indefinitely but moderate and careful use now can increase the likelihood that it will meet the needs of future generations.
c
Consider factors such as social/economic demands and rates of use, alternative energy supplies, energy conservation and research and development. Many people would argue that society in general should make decisions regarding critical issues that affect everyone’s wellbeing. However, this view is not necessarily real-world practice and not everyone will agree with it.
Q4.

Describe two major problems associated with the use of fossil fuels.
A4.

Major problems include pollution—which can result in acid rain and contribute to the greenhouse effect—as well as the non-renewable nature of fossil fuels.
Q5.

a
Why is it necessary to treat crude oil by fractional distillation?

b
What is the function of the bubble caps in the fractionating tower?

c
Name three fractions obtained from fractional distillation of crude oil and describe one use for each fraction.
A5.

a
Crude oil consists of a range of hydrocarbons with different boiling temperatures. The use to which a fraction is put is influenced by its boiling temperature and so fractional distillation is needed to separate them.

b
The boiling caps impede the upward movement of gases. Components in the gas mixture condense when the gases reach a tray of bubble caps at a temperature below the boiling temperature of the component.

c
Refinery gas – gaseous fuel; feed stock for petrochemicals. 

Gasoline – fuel for cars; feed stock for petrochemicals. 

Kerosene – fuel for jet engines; domestic heating. 

Gas oil – fuel for diesel engines; cracked to produce extra petrol. 

Residue – fuel oil for large furnaces, e.g. power stations, ships, lubricating oils and waxes; bitumen for road making and waterproofing.
Q6.

a
Why is catalytic cracking performed on some of the fractions obtained from crude oil?

b
Give an equation that represents the sort of reaction that might take place in a catalytic cracker.

c
Name any homologous series that can be produced by this process.
A6.

a
To increase the amount of smaller alkane molecules available for use as fuels.

b
C29H60(g) ( C8H18(g) + C8H16(g) + C13H26(g)
c
alkanes and alkenes
Q7.

a
A simplified chemical equation for the combustion of coal can be written as:

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

Sketch an energy profile for the combustion of coal. Label on your sketch:

i
the activation energy

ii
the energy required to break the bonds in the reactants

iii
the energy released in forming bonds in the products

iv
the enthalpy change for the reaction

b
Suggest two advantages and two disadvantages of using brown coal to generate electricity.

c
Write the equation for the combustion of methane, the main component of natural gas.

d
Write the equation for the combustion of hydrogen gas.

e
Explain which of natural gas, hydrogen or coal will produce the most (and least) carbon dioxide.
A7.

a
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b
Advantages: abundant and inexpensive. 
Disadvantages: causes pollution and is non-renewable.

c
CH4(g) + 2O2(g) ( CO2(g) + 2H2O(g)

d
2H2(g) + O2(g) ( 2H2O(g)

e
Coal > natural gas > hydrogen. Carbon dioxide, emitted mostly per unit mass by burning coal, less from methane and none from hydrogen gas, has a much stronger greenhouse effect then water.
Q8.

The brown coal power stations in Victoria generate a total of over 30 000 GWh of electrical energy each year. (1 GWh = 3.6 × 1012 J.)

a
Calculate how many joules of energy are produced by these power stations each day.

b
One tonne of brown coal yields about 8.7 × 109 J of energy. On the basis of the current rate of use, calculate how long you expect Victoria’s estimated 40 000 Mt of brown coal to last. (1 Mt = 106 t.)

c
In view of predicted patterns of energy use, would you expect the figure calculated in part b to be higher or lower than the actual length of time before brown coal supplies are exhausted? Give reasons for your answer.

d
A household uses about 1.7 × 1010 J in a year. Calculate the mass of coal that is burnt to provide this energy.
A8.

a
Energy produced per day
= 
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b
Step 1
Calculate the number of tonnes of coal required for 1 year.



Number of tonnes
= 
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Step 2
Calculate the number of years of coal supply.



Number of years
= 
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c
It could be anticipated that the domestic and international demand for coal will increase. In this event, the figure calculated in part b for the lifetime of the Victorian reserves would be an overestimate.

d
Mass of coal
= 
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Q9.

The Hazelwood power station in the Latrobe Valley consumes about 13 million tonnes of coal in one year. The coal used in the power station is composed of approximately 25% carbon.

Calculate the volume of the greenhouse gas carbon dioxide released each year by the power station. (1 mol of carbon dioxide occupies 24.5 L at 25°C and 1 atm; 1 t = 106 g.)
A9.

Step 1
Write a balanced equation.



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

Step 2
Calculate the mass of carbon in coal.



m(C)
= 13 ( 106 ( 
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Step 3
Calculate the amount of carbon.



n(C)
= 
[image: image11.wmf]01

.

12

10

25

.

3

12

´





= 2.706 ( 1011 mol

Step 4
From the equation, 1 mol CO2 is produced from every mole of C. Calculate the amount of carbon dioxide.
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Step 5
Calculate the volume of CO2 at SLC.



V(CO2)
= 2.706 ( 1011 mol ( 24.5 L mol–1



= 6.630 ( 1012 L




= 6.6 ( 1012 L (two significant figures)
Q10.

Explain why:

a
energy from oil is very suitable for transport

b
electrical energy is very suitable for domestic lighting and heating
A10.

a
Oil is convenient to transport (using tankers and pipelines) and store (in tanks). Oil has a high energy content per unit mass.

b
Electricity is convenient to use and causes virtually no pollution in the home. It is easily distributed throughout the home using wires, and is readily converted to other useful forms of energy by a variety of household appliances.
Q11.

Crude oil consists mainly of saturated hydrocarbons.

a
What is meant by the term ‘saturated hydrocarbons’?

b
One of the first steps in processing crude oil is fractional distillation. What is the purpose of this step?

c
Some of the fractions obtained from fractional distillation are subjected to catalytic cracking. What is the purpose of catalytic cracking?
A11.

a
All the C-C bonds in saturated hydrocarbons are single bonds.
b
During fractional distillation the mixture of hydrocarbons in crude oil are separated into fractions on the basis of their boiling temperature. Each fraction contains hydrocarbons having similar boiling temperatures. The gasoline fraction boils between 110°C and 180°C and consists of alkanes having between 6 and 10 carbon atoms.

c
The demand for some fractions, e.g. gasoline, is not met by the fractional distillation of crude oil. Catalytic cracking converts large hydrocarbon into smaller molecules which are used in petrol. Hydrocarbons used in the manufacture of other compounds are also produced. 
Q12.

Crude oil is a mixture of hydrocarbons including C15H32, C3H8, C9H20, C30H62, and C5H12.

a
In what order would these hydrocarbons liquify as a gaseous mixture moves up the fractionating tower? Explain.

b
Copy and complete the table below to show what fraction each of these companents belongs to and its main uses.

	Hydrocarbon
	Fraction
	Use

	C15H32
	
	

	C3H8
	
	

	C9H20
	
	

	C30H62
	
	

	C5H12.
	
	


A12.

a
The gases are liquified in order of decreasing intermolecular forces between molecules, i.e. C30H62, C15H32, C9H20, C5H12, C3H8. The strength of the dispersion forces between molecules depends upon the molecular size. 

b
	Hydrocarbon
	Fraction
	Use

	C15H32
	gas oil
	diesel, heating oil, cracked to produce petrol

	C3H8
	refinery gas
	LPG, feedstock for the production of organic chemicals

	C9H20
	naptha
	feedstock for the production of organic chemicals, cracked to produce petrol

	C30H62
	residue, bitumen
	fuel oil, lubricating oil, ashphalt

	C5H12
	gasoline
	petrol


Q13.

The US has 5 per cent of the world’s population, but consumes about 25 per cent of the total oil produced in the world. The nation consumes nearly twice as much oil as it produces.

a
Account for this high rate of oil usage in the US.

b
What political and economic problems could result from this rate of oil consumption?

c
Do you think that nations such as the US that consume large amounts of energy have special responsibilities to the rest of the world?

d
Suppose that the US government desired to reduce the nation’s dependence on oil. What steps might be most effective in 

i
the short term?


ii
the long term?
A13.

a
The USA uses large amounts of oil to support the high rate of energy consumption of its citizens, who have relatively affluent lifestyles.

b
The political and economic power of the USA enables it to consume energy at such a high rate. Political problems could result if other countries regarded the energy consumption of the USA as excessive and unfair. Abundant supplies of oil are fundamental to the country’s lifestyle. Some analysts regard the huge oil basins owned by Kuwait as a major reason for the USA’s involvement in the 1991 Middle East War. Serious political and economic problems could arise if there were a dramatic increase in the price of the oil that is needed for manufacturing, transport and heating in the USA. The costs of many products in the USA are closely linked to the price of oil.

c
Issues which may be considered include the right of a nation to use resources within its borders as it sees fit, obligations to fulfil international agreements, moral obligations to act as a ‘good neighbour’ and set an example to the rest of the world, benefits of a sustained international economy and a healthy global environment to the individual nation.

d
i
Short-term steps include petrol rationing, increasing the price of oil, increasing taxes on large cars, providing financial incentives for the use of small cars and the sharing of transport.

ii
Long-term steps include educating the community about choosing and using energy supplies; enacting legislation to ensure energy conservation practices (such as compulsory insulation) are specified in building regulations; encouraging research and development of alternative energy supplies, the production of efficient energy converters and energy conservation practices; providing an efficient public transport system; and planning towns to minimise distances between home and work, factory and shop.
Q14.

Dmitri Mendeleev, the Russian chemist who developed the periodic table in 1869, said that burning petroleum ‘would be akin to firing up a kitchen stove with banknotes’. Why do you think he believed petroleum was too valuable to burn?
A14.

Petroleum contains the organic chemicals from which industries manufacture goods such as textiles, pharmaceuticals and plastics. Mendeleev raised the issue of whether we can afford to burn this important substance in order to provide energy for transport.
Q15.

Use the Internet to find out which nations are the top ten consumers of energy.
A15.

Individual student response required.
Q16.
When natural gas burns, carbon dioxide and steam are formed. An advertisement for the South Australian Gas Company Limited claimed that, ‘If you use natural gas in your home for cooking, water heating and space heating, you’ll cut carbon dioxide emissions by up to 60% compared to other forms of energy.’ Explain why the company could make this claim.
A16.

Using natural gas for domestic cooking and heating will reduce carbon dioxide emissions because the use of gas, unlike that of electricity, does not involve intermediate energy conversions. By using gas we can avoid the energy losses that occur with the transformation of chemical energy from fossil fuels (e.g. coal) into electricity.
Q17.

Rather than spending money to reduce gas emissions from their power stations further, the Dutch government decided to spend $35 million on reduction of sulfur emissions in nearby Poland and $300 million in tropical countries to plant new trees in areas where trees have been felled. Why might the government have made this decision?
A17.

Sulfur emissions are partly responsible for acid rain, which can damage forests and aquatic life; the effects of such emissions are not confined to the country that has produced them. The Dutch government has decided that it can obtain greater environmental benefits by improving antiquated power stations in neighbouring countries and restoring razed tropical forests, rather than making further small reductions in the level of emissions from its own power stations.
Q18.

The 1997 Kyoto Protocol was an international response to global warming in which the developed nations were asked to restrict their carbon dioxide emissions to set amounts. Australia was asked to restrict its emission of greenhouse gases to 108% of the level in 1990.

a
Australia has huge reserves of coal. What impact would adoption of the Kyoto Protocol have on this country?

b
Suggest why an increase of 108% of emissions, rather than a decrease, was set as a target for Australia.
A18.

a
In Australia, the cost of electricity would rise if other energy sources are required to replace coal, which is relatively abundant and low in cost.

b
A 108% increase in emissions will be much less than the expected increase (approx. 200% in the next 40 years) if this limit is not set.
Q19.

There is an emerging concern that CO2 emissions could lead to increasing acidification of our oceans, with consequent impacts upon marine life and, in turn, ours.

a
What chemical reaction is likely to be the basis of this concern?

b
With reference to equilibrium, is such a change and its effects likely to be permanent?

c
What is the role of the scientific community in checking such a claim?

d
If true, how could marine acidification influence a choice between coal, petrol and other forms of energy?

e
How would the successful development of geosequestration (capture and ‘burial’ of emitted CO2) change your answer to part c?
A19.

a
CO2(g) + H2O(l) ( H2CO3(aq) ( H+(aq) + HCO3–(aq)

b
No, reducing carbon dioxide as a reactant will shift the equilibrium to the right and decrease the acidity. 

c
The scientific community should provide accurate scientific information, ideally capable of replication (checking by repetition) by other scientists. There is strong case for scientific research efforts to be directed towards areas where there is significant community benefit.

d
Energy sources with lower (or zero) emissions of carbon dioxide are preferred in relation to the marine acidification issue (however other problems may come with alternative energy ‘solutions’ for a single issue).

e
Geosequestration would improve the attractiveness of coal as an energy source.
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