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AREA OF STUDY 1
WHAT ARE THE OPTIONS FOR ENERGY PRODUCTION?

2 Fuel choices

2.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, eBookPLUS and learnON at www.jacplus.com.au.

2.1.1 Introduction

FIGURE 2.1 Time is running out on humans’
reliance on fossil fuels.

About 80% of the world’s energy requirements is
provided by coal, oil and gas, which are all fossil fuels.
Scientists overwhelmingly agree that the burning of
fossil fuels continues to be a major cause of climate
change. The Paris Agreement was ratified in 2016 by
fifty-five Parties, who account for 55% of the world’s
total greenhouse gas emissions and became signatories
to the agreement. The Paris Agreement’s central aim
is to strengthen the global response to the threat of
climate change by keeping the global temperature
rise of the 21st century to less than two degrees above
pre-industrial levels. Chemistry plays a major role in
combating climate change as scientists worldwide work
towards more efficient, sustainable fuel sources.

2.1.2 What you will learn

KEY KNOWLEDGE

• the comparision of fossil fuels (coal, crude oil, petroleum gas, coal seam gas) and biofuels (biogas,
bioethanol, biodiesel) with reference to energy content, renewability and environmental impacts related to
sourcing and combustion

• the comparision of the suitability of petrodiesel and biodiesel as transport fuels with reference to sources,
chemical structures, combustion products, flow along fuel lines (implications of hygroscopic properties and
impact of outside temperature on viscosity) and the environmental impacts associated with their extraction
and production.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.

Digital documents: Key science skills (doc-30903)

Key terms glossary – Topic 2 (doc-31395)

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-31396).
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2.2 Comparing energy sources

KEY CONTENT
• The comparison of fossil fuels (coal, crude oil, petroleum gas, coal seam gas) and biofuels (biogas,
bioethanol, biodiesel) with reference to energy content, renewability and environmental impacts related to
sourcing and combustion

2.2.1 Generating energy in Australia

FIGURE 2.2 Projected depletion of world reserves of
fossil fuels based on current usage
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Australia has a diverse range of energy resources,
but the availability, abundance and relatively
low cost of fossil fuels mean that they are in
high demand — about 95% of Australia’s energy
requirements are provided by coal, oil and gas.
Most of Australia’s electricity (75%) is generated
by black and brown coal, and 16% is supplied by
natural gas. Access to these low-priced fuels is
important for our manufacturing industry.

Although energy can be obtained from the
direct combustion of fossil fuels, electricity is a
more convenient form of energy. Electricity can
be carried from one place to another, switched on
and off, and used as an energy source for many
different devices.

FIGURE 2.3 Sources of energy for society
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Electricity is sometimes described as a secondary fuel, because it is not a natural source of power — it is
produced from other fuels or energy sources.

At present, most of Australia’s electricity is generated by burning fuel at power stations. Fossil fuels
could be made to last longer, and the environmental impacts of fossil fuel combustion could be reduced,
if electricity was generated using other means. Replacement options include nuclear energy — although
this poses significant risks should an incident occur — or renewable energy options such as wind, moving
water, wave motion, falling water, tides and biomass reactions. Electricity can also be generated directly
from chemical reactions, as in fuel cells, which are thought to be a possible energy source for the future.
Photovoltaic (PV) cells, which convert solar energy into electrical energy, are another method, and are
already becoming more popular as people install them on the roofs of their houses. PV cells have the added
benefit of feeding any excess electricity produced back into the grid.

Table 2.1 details the energy production in Australia for 2016–17 and the ten-year average annual growth
rate. While fossil fuels still comprise approximately 85% of all energy produced in Australia, over the last
ten years there have been significant annual increases in the growth of renewable energy.

TABLE 2.1 Electricity production in Australia by energy source,
2016–17

2016–17 Average annual growth

GWh Share (%) 2016–17 (%) 10 years (%)

Fossil fuels 217 562 84.3 –0.8 –0.3

Black coal 118 272 45.8 3.5 –1.0

Brown coal 43 558 16.9 –10.7 –2.5

Gas 50 460 19.6 –0.2 4.2

Oil 5273 2.0 –6.8 3.0

Renewables 40 455 15.7 6.1 8.2

Hydro 16 285 6.3 6.3 3.4

Wind 12 597 4.9 3.3 16.9

Bioenergy 3501 1.4 –7.6 –3.0

Solar PV 8072 3.1 18.0 59.2

- Small scale 7399 2.9 16.0 57.7

- Large scale 672 0.3 47.1 N/A

Geothermal 1 0.0 133.3 N/A

Total 258 017 100 0.2 0.7

2.2.2 The effect of fossil fuels on the environment
Fossil fuels make up the vast majority of the energy resources consumed in Australia today. There is
great concern that their use has led to a number of environmental problems, particularly the enhanced
greenhouse effect and acid rain.
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The greenhouse effect

FIGURE 2.4 Cattle and
other livestock release
significant amounts
of methane into the
atmosphere as a result of
their digestive processes.

The greenhouse effect helps to keep the Earth at the appropriate temperature
to support life. It begins when radiation from the Sun strikes the Earth and
warms its surface, which then radiates heat energy back into space. Gases
in the atmosphere known as greenhouse gases, including carbon dioxide
(CO2), methane (CH4), nitrous oxide (N2O), and ozone (O3), absorb some
of this heat radiation, so the air warms up. The air may also radiate this
energy back into space or down to Earth (see figure 2.5). Unfortunately,
human activities have led to an increase in the amount of greenhouse gases,
so that more heat is absorbed, which continues to adversely affect weather
and climate. This results in an enhanced greenhouse effect, causing global
warming and climate change (see figure 2.6). Global warming specifically
refers to the Earth’s rising temperature, due mainly to the increasing
concentrations of greenhouse gases in the atmosphere (see figure 2.7).
Climate change is a broader and more accurate term that encompasses the
side effects of global warming and refers to changes in various measures of
climate over a long period of time.

FIGURE 2.7 Global temperature variation and atmospheric CO2
concentration against time
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Greenhouse gases absorb more
energy than others and contribute to
global warming in the atmosphere.
Carbon dioxide is the major greenhouse
gas emitted by human activities in
Australia and is generated during
transportation, industrial processes,
land use change and energy production.

Carbon dioxide is essential to life
because plants absorb it, enabling
them to manufacture their own
sugars and produce oxygen through
photosynthesis. The quantity of carbon
dioxide on Earth remained almost
constant for thousands of years, but
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FIGURE 2.5 The greenhouse effect allows some heat
to be trapped in the atmosphere, maintaining a
constant temperature.

SunSun

Greenhouse effect

FIGURE 2.6 Excess production of greenhouse gases
means the atmosphere retains more heat energy,
increasing the average temperature of the Earth.

SunSun

Enhanced greenhouse effect
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now we are producing more carbon dioxide than can be converted into oxygen. As the quantity of carbon
dioxide increases, the amount of heat that is retained by the atmosphere increases, thereby contributing to
the greenhouse effect.

Biofuels are renewable energy sources made from plant and animal matter. When comparing the burning
of fossil fuels with biofuels, at first glance it might appear that both contribute to the greenhouse effect
because both produce carbon dioxide upon combustion. However, burning fossil fuels puts carbon into the
atmosphere that has been locked underground for millions of years, while the carbon in biofuels has been
obtained from the atmosphere much more recently via photosynthesis. Theoretically, this carbon dioxide
will once again be removed when the next source crops for the biofuel are grown. This is described as being
carbon neutral.

Acid rain
FIGURE 2.8 Major energy-
related environmental issues
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Many industrial processes burn fossil fuels and many of these fuels
contain sulfur in varying amounts. When sulfur is burned in the air, it
forms sulfur dioxide, SO2. This gas is often released into the air in
vast quantities. Acid rain results from the reaction between rainwater
and SO2 that is released into the atmosphere.

Sulfur dioxide is also released during many natural processes. In
particular, active volcanoes release a large amount of sulfur dioxide into
the air. The atmosphere can cope with large quantities of sulfur dioxide
if the gas is given time to disperse. When a large number of industries
are all producing the gas over a small area, it cannot disperse in the air
fast enough and becomes too concentrated to be safe.

When sulfur dioxide reacts with water it becomes sulfuric acid. So,
when rain comes into contact with SO2, it becomes dangerous to plant
and animal life.

SO2(g) + H2O(g) → H2SO3(g)
SO3(g) + H2O(g) → H2SO4(g)

In heavily industrialised countries, entire forests have been denuded
by the effects of acid rain. Our energy use is responsible for more than
half of the greenhouse emissions and widespread pollution of land, sea
and air. These environmental impacts threaten our quality of life and,
perhaps, existence.

FIGURE 2.9 Acid rain is damaging forests worldwide.
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2.2.3 Sustainable energy
A sustainable energy future means providing for the needs of today’s society without compromising
the ability of future generations to meet their own needs. Various responses have been proposed to
meet society’s increasing energy demands. These include:
• promoting energy conservation in the domestic, commercial and industrial sectors
• funding research into producing viable alternative energy sources
• decreasing our dependence on coal by using more renewable energy sources
• increasing the efficiency with which energy is produced from each resource
• developing technologies to reduce emissions when using fossil fuels.
The availability of low-cost, clean and reliable energy will improve land, air and water quality, increase

employment and promote health.

TIP: It is important to know the exact definitions of ‘renewable’, ‘non-renewable’, ‘abundance’, ‘sustainable’,
‘reuseable’ and ‘recyclable’ — these terms are often confused.

2.2.4 Properties of fossil fuels and biofuels
The origin of fossil fuels and biofuels were discussed in topic 1 and a summary of their advantages and
disadvantages are shown in table 2.2.

TABLE 2.2 Properties of fossil fuels and biofuels

Fuel

Energy
content
(kJ g−1)

Carbon dioxide
emissions in
kg of CO2 per
gigajoule Advantages Disadvantages

Black coal 34 114 • Large Australian reserves
• Source of revenue via

exports
• Easily mined
• Most efficient type of coal

• Non-renewability
• Contributes to air

pollution, acid rain and
global warming

• Open cast mining

Brown coal 16 94 • Large Australian reserves
• Source of revenue via

exports
• Easily mined

• Less efficient (high
moisture content)

• Lower dry carbon content
• Open cast mining

Diesel
Petrol
LPG

48
46
46

70
67
60

• Ease of transportation
• Wide range of uses
• Some Australian sources

• Non-renewability
• Limited world supplies
• Pollution

E10* 44 60 • Ease of transportation
• Wide range of uses
• Some Australian sources
• Uses 10% renewable

bioethanol

• 10% renewability
• Limited world supplies
• Pollution

(Continued)
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Methane** 56 51 • High efficiency
• Some Australian sources
• Moderate cost (drilling)

• Non-renewability
• Pollution
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TABLE 2.2 Properties of fossil fuels and biofuels (Continued)

Fuel

Energy
content
(kJ g−1)

Carbon dioxide
emissions in
kg of CO2 per
gigajoule Advantages Disadvantages

Biogas 26 0 • Renewability
• Productive use of wastes

• Energy inefficiency
• Low supplies

Bioethanol 30 0 • Renewability • Possible conflict in land
use

Biodiesel 42 0 • Less harmful emissions • Low temperatures can be
problematic for biodiesel

Source: Australian National Greenhouse and Energy Reporting (Measurement) Determination 2008 (Schedule 1).
*a blend of normal petrol with 10% ethanol
**methane is the main constituent of both natural gas and coal seam gas

2.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. List the following fuels in order of increasing energy output, as measured in kJ g–1: Brown coal, black coal,
biogas, diesel, natural gas, bioethanol, petrol, biodiesel.

2. What is the enhanced greenhouse effect? Explain how energy choices can be used to reduce its effect.
3. Fossil fuels and biofuels can undergo complete combustion to release carbon dioxide and water. Explain

why the complete combustion of fossil fuels contributes to the enhanced greenhouse effect, whereas the
complete combustion of biofuels does not.

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

2.3 Suitability of fuels for transport

KEY CONTENT
• The comparison of the suitability of petrodiesel and biodiesel as transport fuels with reference to sources,
chemical structures, combustion products, flow along fuel lines (implications of hygroscopic properties and
impact of outside temperature on viscosity) and the environmental impacts associated with their extraction
and production

2.3.1 Comparing petrodiesel and biodiesel
After petrol, diesel is the most widely used transport fuel in the world. Traditionally used in larger scale
engines such as those in boats, trucks, trains and buses, it is now becoming more popular as an alternative
fuel for the smaller engines found in cars. Diesel engines, although heavier and initially more expensive, are
more efficient than their petrol counterparts, have better fuel economy and tend to last longer. They producePdf_Folio:7
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less power than petrol engines of the same size but more torque, which is the amount of turning power. This
makes diesel-powered vehicles slower to accelerate but ideal for hauling heavier loads. Biodiesel can easily
be substituted, either straight or blended with petrodiesel, as a fuel for diesel engines and requires little or
no modification to the engine.

Source and chemical structure
As discussed in topic 1, diesel is sourced from fractional distillation of petroleum and is a mixture of
(largely unsaturated) hydrocarbons. Often referred to as petrodiesel to distinguish it from biodiesel, it is
predominantly alkane molecules, both straight-chain and branched, of 12–24 carbon atoms per molecule.
Biodiesel is formed from the transesterification of esters from long-chain fatty acids and alcohol (typically
methanol). The long-chain is preserved with 15–20 carbon atoms per molecule. These differences in
formation and structure can be seen in figure 2.10.

FIGURE 2.10 Examples of structural formulas of (a) petrodiesel and (b) biodiesel
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Combustion
As crude oil is mostly a mixture of alkanes, so too is the petrodiesel component obtained from it. Therefore,
its combustion follows the typical pattern of an alkane and, in the presence of sufficient oxygen, carbon
dioxide and water are produced. For example, hexadecane, C16H34, burns according to:

2C16H34 (l)+ 49O2 (g) → 32CO2 (g)+ 34H2O (g)

Other products of combustion may include sulfur dioxide (from sulfur impurities), nitrogen oxides,
carbon monoxide and particulate carbon (soot). The latter two are produced in situations where insufficient
oxygen is present. Soot is often seen as black smoke under conditions of heavy acceleration or when
engines are poorly tuned. The following equation illustrates how less oxygen is required to make particulate
carbon.

2C16H34 (l)+ 17O2 (g) → 32C (s)+ 34H2O (g)

FIGURE 2.11 Black soot exhaust is less
common because modern engines and fuels
reduce undesired emissions.

In the past decade, considerable advances in both
engine technology and fuel quality have led to a
significant reduction in all of these emissions. Two such
examples are the introduction of ultra-low-sulfur diesel
(ULSD), which not only lowers emissions of SO2 but
also allows for more sophisticated pollution control
measures in the engine itself, and the introduction of
computer-controlled, self-cleansing exhaust filters
designed to remove soot.

Pdf_Folio:8

Jacaranda Chemistry 2 VCE Units 3 & 4 Second Edition66

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“c02FuelChoices_print” — 2019/6/26 — 22:56 — page 67 — #9

Environmental issues
Biodiesel appears to be an excellent substitute for
petrodiesel. It can be used in diesel engines with little
or no modification, and aids in engine lubrication and
can clean engines of built-up deposits that result from
the long-term use of petrodiesel. Emissions from a
biodiesel-fuelled engine are similar to those from a
petrodiesel engine but are generally lower in quantity,
the exception being nitrogen oxides, which may be
slightly higher. As manufacturers strive to meet more
stringent emission standards, it is anticipated that more
petro- and biodiesel blends will be recommended.

FIGURE 2.12 Deforestation for palm oil
plantations is endangering the habitat of the
Sumatran orangutan.

Two additional environmental positives of biodiesel
are that it is biodegradable and that it can be produced
from a waste product, notably used cooking oil. In
Australia, the main feedstocks are oil seeds such as canola, used cooking oil and tallow. Elsewhere in the
world, soybeans and sunflower seeds, as well as palm oil, are the main sources being used to meet this
demand. However, as demand increases, new economical sources will need to be found and there are some
environmental concerns, including the debate about land use: should crops be grown for food production or
fuel production? In south-east Asia, massive deforestation is occurring to make way for palm oil plantations
for fuel and this is endangering the habitats of many species, the best known of which is the Sumatran
orangutan.

TABLE 2.3 Approximate yields of some biodiesel
oil sources

Oil source Yield (L/ha)

Algae* 47 000–140 000

Palm oil 5900

Jatropha 1900

Canola 1200

Sunflower 950

Safflower 800

Soy 450

*estimate; depends on species

Two possible ways of overcoming these issues are
the use of algae and the seeds from jatropha trees.
Research is being undertaken into the development
of algae as an oil source. It is envisaged that such algae
could grow in low-quality water bodies and possibly
the ocean. Seeds from the jatropha tree are being
investigated due to their high oil content. Jatropha trees
can be grown in marginal agricultural land and require
minimal cultivation and irrigation. Additionally, they
do not have to be replanted from season to season. Both
of these possibilities would overcome the conflicting
issues of whether to use land for food or fuel.

Besides the effects on the environment of exhaust
emissions, other environmental considerations are
associated with the use of petrodiesel. The extraction
of crude oil can cause significant degradation to the
immediate environment, and its subsequent transportation, especially by sea, has resulted in a number
of significant, environmentally damaging spills. The refining process of petrodiesel and vehicle exhaust
emissions can release unburned hydrocarbons into the air. Under the right conditions, which are often
found in large cities, these can react to form photochemical smog. To this must also be added the emissions
involved in the transport of both the crude oil and its petrodiesel product.

Technical issues
Two major technical issues facing the introduction of biodiesel are that it is hygroscopic and it can gel at
low temperatures. If a substance is hygroscopic, it absorbs water vapour from the air, and this property
is enhanced if a biodiesel is poorly processed as the transesterification process will not be completed
and will result in partially converted mono- and diglycerides. This can affect engine life as the mono-
and diglicerides act as an emulsifier, allowing water to mix with the biodiesel. This can result in several
problems including allowing microbes to grow in the fuel. It also accelerates gelling and reduces the energyPdf_Folio:9
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liberated upon combustion. Gelling at low temperatures is a major problem but is somewhat dependent on
the type of oil used in the original manufacture. Gelling increases viscosity of the fuel, reducing or even
preventing its flow along fuel lines and through diesel injectors. A number of potential solutions to this
problem are being investigated, including blending it with petrodiesel, additives to lower the gel point,
special fuel tanks that are heated as the car warms up and special reserve tanks containing petrodiesel for
starting and warming up the engine.

TABLE 2.4 Comparison of petrodiesel and biodiesel

Property Petrodiesel Biodiesel

Sources Petroleum • Used cooking oil, tallow, oil seed crops, such
as canola and palm oil

• Oil from algae is possible
• Methanol production requires fossil fuels but

production of methanol from glycerol (a
by-product) is currently under investigation

Chemical structure Alkanes, both straight-chain and
branched (typically containing 12–24
carbon atoms per molecule)

• Esters from long-chain fatty acids (typically
15–20 carbon atoms per molecule) and
methanol

• Other simple alcohols

Combustion
products

• Carbon dioxide
• Water
• Carbon monoxide
• Particulate carbon (soot)
• Sulfur dioxide
• Nitrogen oxides

• Same as petrodiesel but generally lower in
quantity

• May be increased emission of nitrogen oxides

Viscosity Hygroscopic, but not generally an issue
as seasonal blending allows for changes
in outside temperature

Hygroscopic and low outside temperatures; can
lead to increased viscosity due to fuel gelling

Environmental
impact

• Non-renewable
• Non-biodegradable
• Spills in transportation of both crude

oil and refined products
• Combustion emissions in

transportation chain

• Renewable
• Biodegradable
• Issues with growing crops for food versus fuel
• Deforestation issues, especially in south-east

Asia

Weblink Biofuels for transportation

2.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. It is difficult to determine the total world reserves of fossil fuels. Estimates are constantly revised to take into
account new discoveries, new information about known deposits and new techniques for extracting them.
Conservation strategies will enable us to extend the life of fossil fuels.
Discuss how each of the following factors affect the rate at which fossil fuels are used.
(a) Population growth rate
(b) Community awareness of the need for energy conservation
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(c) Alternative technologies and fuel sources
(d) Fuel pricing policies, nationally and internationally
(e) Trade relations between nations.

2. Fossil fuels took millions of years to form, yet they are likely to be used up within a few hundred years. Draw
up a table with two columns.
(a) In the first column of the table, list the activities you do during the week that require energy from fossil

fuels.
(b) Assume that our supply of fossil fuels stops tomorrow. In the second column of the table, write down

alternative ways in which your energy could be supplied for each of the activities you have listed.
(c) How important are fossil fuels to your life?

3. You have been invited to debate the statement ‘The world should stop using fossil fuels and replace their
use with biofuels’.
(a) Outline three environmental or societal issues you would argue if you were in favour of this statement.
(b) Outline three environmental or societal issues you would argue if you were against this statement.

4. (a) Define the terms ‘biodiesel’ and ‘petrodiesel’.
(b) State one disadvantage of using biodiesel in cold climates.
(c) Give one environmental advantage of increasing the usage of biodiesel.
(d) Give one environmental disadvantage that an increased usage of biodiesel may lead to.

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for
every question go to your learnON title at www.jacplus.com.au.

studyON: past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

2.4 Review
2.4.1 Summary
Comparing energy sources

• Fuels produce energy through combustion reactions.
• Good fuels have the properties of being easily ignited, releasing significant energy on combustion,

having minimal negative environmental impact and being relatively inexpensive, readily available
and safe.

• In future, greater reliance on renewable fuels will be necessary as non-renewable fuels (particularly
petroleum and coal) become depleted.

• Our use of energy, whether from renewable or non-renewable sources, affects the environment. Issues
such as air pollution, the enhanced greenhouse effect, spillages, land degradation, water pollution and
habitat damage need to be carefully monitored and improved.

• A significant issue with the increasing use of biofuels is land use. Should land be used for growing fuel
crops at the expense of food crops?

• The process of global warming, also known as the enhanced greenhouse effect, arises when the
amount of heat striking the Earth’s surface is greater than the amount that is radiated, causing the Earth
to warm up.

• The major greenhouse gas emitted by human activities in Australia is carbon dioxide.
• Acid rain results from the reaction between rainwater and sulfur dioxide that is released into the

atmosphere.

Suitability of fuels for transport

• Biodiesel is gradually finding more use as a replacement transport fuel for petrodiesel, both as a
straight fuel and in blends with petrodiesel.

• The fuels on which modern society relies are mainly non-renewable fossil fuels.Pdf_Folio:11
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To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-31396).

2.4.2 Key terms

abundance the relative amount of a substance
acid rain rain that has a pH lower than 5
climate change changes in various measures of climate over a long period of time
carbon neutral no net release of carbon dioxide into the atmosphere
enhanced greenhouse effect the effect of increasing concentrations of greenhouse gases in the atmosphere as

the result of human activity
global warming a gradual increase in the overall temperature of the Earth’s atmosphere
greenhouse effect a natural process that warms the Earth’s surface. When the Sun’s energy reaches the Earth’s

atmosphere, some of it is reflected back to space and the rest is absorbed and re-radiated by greenhouse
gases.

greenhouse gases gases that contribute to the greenhouse effect by absorbing infrared radiation
hygroscopic a tendency to absorb water vapour from the atmosphere
renewable (with reference to energy sources) energy sources that can be produced faster than they are used
secondary fuel a fuel that is produced from another energy source
sustainable energy energy that meets present needs without compromising the ability of future generations to

meet their own needs

To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

2.4 Exercise 1: Multiple choice questions
1. One of the criteria for the choice of fuels is the amount of heat released on combustion per gram of fuel.

On this basis, which of the following would be the best fuel?

Heat of combustion
(kJ mol−1 of reactant)

A. H2 238

B. CO 284

C. CH3CH2OH (ethanol) 1371

D. C8H18 (n-octane) 5447

2. Coal and ethanol are both produced from plants. Which of the following statements about the
classification of these two fuels is correct?
A. Coal and ethanol are both fossil fuels.
B. Coal is a fossil fuel but ethanol is a biofuel.
C. Coal and ethanol are both biofuels.
D. Coal is a biofuel but ethanol is a fossil fuel.
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3. A hygroscopic substance is a substance that:
A. absorbs heat
B. evolves heat
C. evolves water
D. absorbs water.

4. When petrodiesel is compared with biodiesel in terms of their chemical components, it can be said that:
A. both consist of alkanes
B. petrodiesel consists of alkanes whereas biodiesel consists of esters
C. petrodiesel consists of esters whereas biodiesel consists of alkanes
D. both consist of esters.

5. When biofuels are burned, the carbon dioxide produced:
A. puts carbon atoms back into the atmosphere that were only recently removed
B. puts carbon atoms back into the atmosphere that were removed millions of years ago
C. puts oxygen atoms back into the atmosphere that were removed millions of years ago
D. puts carbon atoms back into the atmosphere at a slower rate than when an equivalent amount of fossil

fuel is burned.

2.4 Exercise 2: Short answer questions
1. a. What is a fossil fuel?

b. Give at least three examples of fossil fuels.
2. ‘Coal, gas and oil should be made more expensive to deter people from wasting them.’ Discuss this

statement, offering at least two arguments for and against the proposal.
3. a. What is a biofuel?

b. Give three examples of biofuels.
4. Consider the advantages and disadvantages of ethanol and petrol as transport fuels. Present your

findings as a table.
5. Consider the advantages and disadvantages of biodiesel and petrodiesel as transport fuels. Present your

findings as a table.
6. Coal seam gas has become a significant energy source in Australia since the year 2000.

a. Is coal seam gas a renewable or non-renewable energy source?
b. Describe how coal seam gas is obtained.
c. Which gas is the main component of coal seam gas?
d. List two environmental concerns associated with the production of coal seam gas.

7. Fossil fuels may be used to produce electricity.
a. Explain how energy waste may occur in the conversion of fossil fuels to electricity.
b. Explain how energy waste may occur in the use of electricity in the home.

8. a. Assuming that each kilowatt hour of electricity produces about 1.44 kilograms of carbon dioxide,
examine your family’s electricity bills and determine how much carbon dioxide your family
produces annually.

b. Explain why the production of carbon dioxide might lead to environmental problems.
c. Suggest three ways in which your family could decrease electricity use to contribute to the

minimisation of carbon dioxide release into the atmosphere.
9. In a fuel efficiency test, the percentage of petrol wasted due to incorrect handling techniques and altered

car conditions was calculated for a particular car.

Altered variable Percentage use

Speeding 14

Overloaded car 15

Roof rack 10

Soft tyres 5

Poor tuning 28
Pdf_Folio:13
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The car has a fuel consumption of 15.0 km per litre of fuel.
a. If fuel costs 130 cents per litre, calculate the money wasted on a 100 km trip if the car had roof

racks on.
b. After completing the first trip, the driver realises they left their bag behind. Calculate the cost of the

trip back if they speed the whole way home.
10. A power station using brown coal as its fuel consumes 40 000 tonnes of coal per day. If it generates an

average of 27.8 GWh of electricity per day, calculate its overall efficiency. (Heat energy evolved by
1.000 tonne brown coal 6.7 GJ; 1 kWh = 3600 kJ.)

2.4 Exercise 3: Exam practice questions
1. Biodiesel is a fuel that is steadily gaining popularity as an alternative to petrodiesel. It is produced by a

process called transesterification. Another chemical is also produced. 14 marks
a. Define the term ‘transesterification’. 1 mark
b. A sample of biodiesel is analysed and found to consist only of methyl stearate. With the aid of

suitable molecular diagrams, show how this would have been made. You should make mention of any
special reaction conditions required. 6 marks

c. Write the equation for the combustion of methyl stearate in excess oxygen. 3 marks
d. Name the other chemical produced by transesterification. 1 mark
e. To what class of organic compounds do the majority of molecules in petrodiesel belong? 1 mark
f. Give one advantage and one disadvantage associated with the use of biodiesel as a fuel. 2 marks
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