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Read through Chapter 2 and answer questions in your notebooks from 
Chapter 2A, 2B, 2C and Chapter review questions (most of them are 
multiple choice, so its not much).  

There are answers at the end of this booklet. Check your answers once 
finished. 

Have a relaxing break!!



Reproduced from VCAA VCE Chemistry Study Design 2017-2021

3 How can chemical 
processes be designed  
to optimise efficiency?

UNIT

The global demand for energy and 
materials is increasing with world 
population growth. In this unit students 
explore energy options and the chemical 
production of materials with reference 
to efficiencies, renewability and the 
minimisation of their impact on the 
environment. 

Students compare and evaluate different 
chemical energy resources, including 
fossil fuels, biofuels, galvanic cells 
and fuel cells. They investigate the 
combustion of fuels, including the energy 
transformations involved, the use of 
stoichiometry to calculate the amounts 
of reactants and products involved in 
the reactions, and calculations of the 
amounts of energy released and their 
representations. Students consider 
the purpose, design and operating 
principles of galvanic cells, fuel cells and 

electrolytic cells. In this context they use 
the electrochemical series to predict and 
write half and overall redox equations, 
and apply Faraday’s laws to calculate 
quantities in electrolytic reactions. 

Students analyse manufacturing 
processes with reference to factors 
that influence their reaction rates and 
extent. They investigate and apply 
the equilibrium law and Le Châtelier’s 
principle to different reaction systems, 
including to predict and explain the 
conditions that will improve the efficiency 
and percentage yield of chemical 
processes. They use the language and 
conventions of chemistry including 
symbols, units, chemical formulas and 
equations to represent and explain 
observations and data collected from 
experiments, and to discuss chemical 
phenomena.
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UNIT 3

In this area of study students focus on 
analysing and comparing a range of energy 
resources and technologies, including 
fossil fuels, biofuels, galvanic cells and 
fuel cells, with reference to the energy 
transformations and chemical reactions 
involved, energy efficiencies, environmental 
impacts and potential applications. Students 
use the specific heat capacity of water and 
thermochemical equations to determine the 
enthalpy changes and quantities of reactants 
and products involved in the combustion 
reactions of a range of renewable and non-
renewable fuels. 

Students conduct practical investigations 
involving redox reactions, including the design, 
construction and testing of galvanic cells, and 
account for differences between experimental 
findings and predictions made by using the 
electrochemical series. 

They compare the design features, operating 
principles and uses of galvanic cells and fuel 
cells, and summarise cell processes by writing 
balanced equations for half and overall cell 
processes.

Outcome 1

On completion of this unit the student should 
be able to compare fuels quantitatively with 
reference to combustion products and energy 
outputs, apply knowledge of the electrochemical 
series to design, construct and test galvanic 
cells, and evaluate energy resources based 
on energy efficiency, renewability and 
environmental impact.

What are the options for energy 
production?

AOS1

solar cell design in which the metals and transport materials are solution-processed by 
either ink jet or spray coating.

UNIT 3 AOS 1, CHAPTER 2

Fuels 02
 2A Fossil fuels

2B Biofuels 

2C Comparison of fuels

Key knowledge

• the definition of a fuel, including the distinction between fossil fuels and biofuels with reference to 
origin and renewability (ability of a resource to be replaced by natural processes within a relatively 
short period of time)

• 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

• 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.
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2A FOSSIL FUELS

Key terms and definitions

• Fuel substance that is used, usually combusted, that has energy stored in its bonds
• Fossil fuel natural fuel that is formed in the earth from plant or animal remains
• Coal combustible fossil fuel formed by the partial decay of plant matter
• Petrodiesel liquid hydrocarbon fossil fuel obtained from crude oil
• Natural gas fossil fuel consisting largely of hydrocarbons
• Coal seam gas natural gas sourced from coal deposits
• Greenhouse effect process of the warming of the Earth’s lower atmosphere due to the 

increased quantities of gases, like carbon dioxide, water vapour and methane, in the air
• Non-renewable resource resource that cannot be replenished as quickly as it is  

being consumed

Definition and origin of fossil fuels 3.1.1.1.1

overview

Fossil fuels are substances that have been formed by the fossilisation of organic matter 
over millions of years, and contain chemical energy that can be converted to electrical, 
heat or kinetic energy.

theory details

Fuels are incredibly useful substances that contain chemical energy, which can be readily 
released through combustion reactions (i.e. burning) to produce heat or power. Energy is 
measured in the SI unit of the joule, given the symbol J. A single joule is a relatively small 
amount of energy, so table 1 shows some common units of energy that we will use.

Table 1 List of common units of energy

kilojoules 1 kJ = 103 J

megajoules 1 MJ = 106 J

gigajoules 1 GJ = 109 J

terajoules 1 TJ = 1012 J

A fossil fuel is a specific type of fuel that is given its name due to the way it is formed from 
the remains of living organisms. Fossil fuels are currently the world’s primary energy 
source – without them we wouldn’t be able to power our cars, homes or businesses.

Common fossil fuels include coal, petrodiesel and coal seam gas (natural gas), each derived 
from the decomposition of plants and animals over a very long period of time. 
All of these named fossil fuels have a high carbon content, making them excellent 
substances to burn. The amount of energy that is produced from the combustion reactions 
of fuels is dependent on the type of fuel that is being burned.

Tip the prefixes kilo-, 
mega- and giga- can be 
found in your data booklet.

In this lesson we will learn about the different types of fossil fuels and why they are 
considered non-renewable.

2A Fossil fuels 2B Biofuels 2C Comparison of fuels

Study design dot point

• the definition of a fuel, including the distinction between fossil fuels and biofuels with reference to origin and renewability (ability of a resource to be replaced by natural processes within 

a relatively short period of time)

Key knowledge units

Definition and origin of fossil fuels 3.1.1.1.1

Non-renewability of fossil fuels 3.1.1.1.2
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Vegetation

Peat

Brown coal

Black coal

Image: Kolonko/Shutterstock.com
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Figure 1 Diagram of how coal is formed by natural processes

As shown in figure 1, coal is formed from the natural breakdown of vegetation. 
Vegetation dies to form peat, peat is compressed between sediment to form 
brown coal, which is further compressed to form black coal (the most pure form 
of coal). Afterwards, it is mined from the ground where it is then processed 
in power plants for electricity. Coal-fired power plants produce electricity by 
burning coal in a boiler to produce steam that propels a turbine, generating 
electricity, as shown in figure 2.

Coal is a mixture of molecules including carbon, hydrogen, sulfur and nitrogen, 
the proportions of which depend on the stage of decay the coal is at. Peat, the 
earliest stage of decay, contains roughly 60% carbon, brown coal contains 70% 
carbon, and black coal contains 90% carbon. As we go down the layers of coal, 
the water content decreases which results in the increasing energy content of 
the coal. This is because with less water needing to be vaporised, the amount 
of heat released is greater than if the water content in the coal was greater. 
The higher the carbon content of the coal, the more heat is released when it 
is burned. Therefore, the energy content of the fuel increases with increasing 
carbon content.

Coal

Combustion 
chamber

Steam boiler

Steam turbine

Generator

Steam 
condenser

Chemical energy

Thermal energy

Mechanical energy

Electric energy

Figure 2 Flowchart of energy transformations in a coal-powered energy plant
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Petroleum, also known as crude oil, is a mixture of hydrocarbons that needs to be 
separated, in a process known as fractional distillation. The separated fractions can then 
be used as a fuel or can be treated to produce desired products, as shown in figure 3. For 
the context of this study design, you will not need to know this process in detail.

Crude oil

Furnace

Lubricating oil, 
para�n wax, 
asphalt

400 °C

370 °C

300 °C

200 °C

150 °C

Fuel oil

Diesel oil

Kerosene

Gasoline (petrol)

Gas 20°C

Figure 3 Stages of fractional distillation of crude oil, with the common uses of each fraction

A useful by-product of the fractional distillation of crude oil is petrodiesel. Petrodiesel 
contains a mixture of hydrocarbon molecules, an example of which is shown in  
figure 4, that range in length from 8 to 21 carbon atoms. Whilst petrodiesel itself consists 
purely of hydrocarbons, meaning burning it should only release carbon dioxide and water, 
petroleum deposits are often contaminated by hydrogen sulfide (H2S) and other sulfur and 
nitrogen compounds. When petrodiesel contaminated with sulfur is burned, it produces 
sulfuric acid and nitric oxide, making it less desirable as a fuel due to negative effects on 
the environment.
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Figure 4 Example of a petrodiesel molecule

Coal seam gas (natural gas), like petroleum and coal, is formed from the remains of plant 
and animal materials. It is found in deposits in the Earth’s crust, bonded to the surface of 
coal deposits and trapped in shale rock. It is accessed by drilling and by a process known 
as fracking, to extract it from coal and shale deposits. Fracking involves injecting liquid at 
high pressure into coal and shale rocks to force open fissures (cracks) to extract the gas. 
Materials used for this process have harmful impacts on the surrounding environment 
as well as water supplies. Coal seam gas is burned in a steam generation unit like coal to 
generate electricity.

Coal is the most common source of electricity, followed by petroleum and natural gas 
powered plants. However, at the current rates of production, coal, crude oil and coal  
seam gas won’t be available indefinitely. As these resources are limited, it is important  
to find alternative sources of energy and to consider the impact of burning these fuels  
on the environment.

Non-renewability of fossil fuels 3.1.1.1.2

overview

Although fossil fuels are formed by natural processes, the resources that produce them are 
not quickly replenished, therefore making them non-renewable.
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theory details

A non-renewable resource is a substance that is consumed quicker than it can be replenished.

Coal, petroleum and coal seam gas are produced from organic material that has undergone 
complex natural processes that take millions of years to occur. Therefore, they cannot be 
replaced in the foreseeable future. These fuels (coal, petroleum and coal seam gas) are 
classified as non-renewable because they are being used up faster than they can be replaced.

This is a problem in our constantly growing world as the demand for fuel increases with 
a rising population using fuel dependent technology. Moreover, the extraction methods 
of each of these fuels is harmful to the environment in different ways, making finding 
alternative fuels more desirable. 

For example, sulfur dioxide (  SO  2    ) emissions from the burning of coal and contaminated 
petrodiesel contribute to acid rain. Fossil fuel fired electric power stations emit a large 
amount of carbon dioxide which accumulates in the atmosphere. This accumulation of 
gases in the atmosphere contributes to what is known as the greenhouse effect, where 
thermal energy is trapped by the atmosphere, causing the planet to become warmer than it 
normally would be naturally.

The process of drilling and mining for coal, coal seam gas and crude oil disrupts the 
natural landscape and can disrupt the water table if spills occur. Therefore, fuels from 
resources that are renewable and less harmful to the environment are very desirable 
alternatives. These alternative resources are known as biofuels and will be discussed in the 
following lesson.

Theory summary
• A fuel is a substance that is burned to produce energy in the form of heat or power.

• Coal, which is mined from the ground to be combusted in power plants for electricity, is 
formed by the natural breakdown of organic material.

• Crude oil is found in reservoirs in porous rocks, extracted through wells and separated 
in fractional distillation to obtain petrodiesel and other hydrocarbons.

• Petrodiesel is a hydrocarbon obtained from crude oil.

• Coal seam gas (natural gas) is formed from the remains of plants, extracted from shale 
rocks and burned in a steam-generation unit to generate electricity.

• A fossil fuel, such as natural gas or coal, is a non-renewable energy source, that is 
formed by natural processes.

• A fuel is considered to be non-renewable if it is consumed faster than it can be replenished.

2A QUESTIONS
Theory review questions

Question 1 

Non-renewable resources

a are available in limited supplies.

b are consumed faster than they can be replenished.

c can be reused multiple times.

d take a long period of time to be replenished.

Question 2 

Which of the following is not an example of a non-renewable resource?

a Coal

b Natural gas

c Biofuel

d Petroleum
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Question 3 

Which of the following is a correct statement regarding fossil fuels?

a All fossil fuels are non-renewable resources.

b All non-renewable energy sources are fossil fuels.

c Fossil fuels are renewable resources.

d All renewable energy sources are fossil fuels.

Question 4 

Petrodiesel is

I extracted straight from the ground.

II non-renewable.

III separated from crude oil.

a III only

b II and III

c All of the above

d None of the above

Exam-style questions

Within lesson

Question 5 (1 MARK)

Crude oil is used as a fuel for transportation, heating and electricity.

Which of the following best describes crude oil?

a A naturally occurring solid found in coal deposits

b An artificial oil created in labs

c A naturally occurring liquid, composed of hydrocarbons

d Liquid produced from anaerobically fermenting plant material

Question 6 (3 MARKS)

The process of extracting coal is a multi-step process and results in lots of disruptions to the immediate environment.

a Hedi wanted to test the energy content of different fuels obtained from different stages of coal extraction. According to 
his experimental results, black coal had a higher energy content than peat. Explain this result. (2 MARKS)

b Identify the main use of coal. (1 MARK)

Question 7 (3 MARKS)

A great proportion of large vehicles use petrodiesel as a fuel source.

a From what fuel source is petrodiesel extracted? (1 MARK)

b What are the potential environmental issues with using petrodiesel as a fuel source? (2 MARKS)

Question 8 (4 MARKS)

Methane is a component of natural gas that can be extracted from coal by fracking or produced by the microbial 
decomposition of plant and animal matter.

In which situation is methane a non-renewable energy source? Explain your answer.
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Question 9 (5 MARKS)

Natural gas and coal are both examples of fuel sources that can be used to produce energy.

a Identify whether coal and natural gas are classified as fossil fuels, giving a justification for your response. (3 MARKS)

b Ethanol can be produced from coal. Identify whether or not ethanol produced using this method can be considered  
as renewable. (2 MARKS)

Question 10 (3 MARKS)

Wood is unable to be grown at the rate at which we are using it.

a Why is wood not considered a fossil fuel? (2 MARKS)

b Identify why sourcing energy from wood is considered an unsustainable process even though wood can be replenished by 
natural processes. (1 MARK)

Multiple lessons

Question 11 (4 MARKS)

Hydrogen fuel (H2) is a zero-emission fuel when burned with oxygen, that can power vehicles and electrical devices.

It can be produced from methane by the addition of steam in the following reaction:

CH4(g) + 2H2O(g) → CO2(g) + 4H2(g)

It can also be produced by the electrolysis of water, powered by electricity from solar panels, in the following reaction:

2H2O(l) → O2(g) + 2H2(g)

Evaluate the environmental impact of each of these methods of producing hydrogen fuel.
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BIOFUELS
In this lesson, we will explore the different types of biofuels and the effect of their origin  
on renewability.

Key terms and definitions

• Biofuel fuel sourced from organic matter
• Biogas gaseous fuel produced by the anaerobic breakdown of organic matter
• Bioethanol  fuel produced by the fermentation of glucose in organic matter
• Biodiesel fuel produced by the esterification of fats and oils in organic matter
• Carbon neutral fuel which does not result in a net production of carbon dioxide from 

sourcing or consumption
• Fermentation breakdown of a substance in the presence of microorganisms such as yeast
• Renewable resource resource capable of being replenished by natural processes as quickly 

or faster than it is being consumed
• Transesterification reaction that produces biodiesel
• Triglyceride fat or oil composed of three fatty acid tails and a glycerol backbone
• Yeast variety of microorganism which converts glucose into ethanol

Definition and origin of biofuels 3.1.1.2.1

overview

Biofuels are a broad category of fuels sourced from organic matter, and act as an 
alternative source of energy to fossil fuels.

theory details

In light of our changing climate, world leaders and industry are investigating a range of 
energy sources to replace fossil fuels. Biofuels may provide a viable alternative.

A biofuel is a fuel sourced directly from organic matter, such as sugarcane, wheat, barley,  
or vegetable oils. The three main types of biofuels we will study are biogas, bioethanol,  
and biodiesel.

2B

2A Fossil fuels 2B Biofuels 2C Comparison of fuels

Study design dot point

• the definition of a fuel, including the distinction between fossil fuels and biofuels with reference to origin and renewability (ability of a resource to be replaced by natural processes within 

a relatively short period of time)

Key knowledge units 

Definition and origin of biofuels 3.1.1.2.1

Renewability of biofuels 3.1.1.2.2

Worked example

Explain why methane sourced from natural gas deposits is considered a fossil fuel, but methane sourced from the decomposition of 
vegetable scraps is considered a biofuel.

What information is presented in the question?

Methane in natural gas is a fossil fuel.
Methane from vegetable scraps is a biofuel.

What is the question asking us to do?

Why can methane be a fossil fuel or a biofuel, depending  
on the source?

What strategy(ies) do we need in order to answer the question?

1. Identify the characteristics of methane in natural gas 
that make it a fossil fuel.

2. Identify the characteristics of methane from vegetable 
scraps that make it a biofuel.

1

This lesson builds on: 

	X 2A – Fossil fuels

Biofuels are an alternative source 
of energy to fossil fuels.

Lesson links
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Biogas

Biogas is a mixture of gases produced by the breakdown of organic matter.

Organic matter

Anaerobic bacteria digest 
organic matter to 
produce biogas

Biogas

Figure 1 The production of biogas from organic matter

As shown in figure 1, organic matter (such as algae, crops, wood, or compostable garbage) 
is broken down by bacteria into gas. This process is described as anaerobic, because it does 
not require oxygen to proceed. 

The gas that is produced is a mixture of different gases, predominantly methane, but it 
also contains a large proportion of carbon dioxide. Every sample of biogas will contain 
different proportions of gases, however figure 2 shows an approximation of the average 
proportions of different gases in biogas.

Bioethanol

Bioethanol is produced by the fermentation of glucose in organic matter by a microorganism 
called yeast. Organic matter commonly fermented by yeast includes crops such as wheat, 
corn and sugarcane. Ethanol is only considered bioethanol when produced via the 
fermentation process in figure 3.

+C6H12O6(aq) 2CH3CH2OH(l) 2CO2(g)

Glucose Ethanol + Carbon dioxide
Bacteria

Bacteria

Figure 3 Fermentation process of glucose into ethanol

E10 is a common fuel available at some service stations in Australia, and is composed of 
10% bioethanol and 90% petrol. This demonstrates that biofuels are beginning to enter the 
mainstream market.

Although the combustion of bioethanol produces CO2, the process of crop production 
offsets this release, by the absorption of CO2 from plants undergoing photosynthesis. 
This means bioethanol is considered relatively carbon neutral, as shown in figure 4. 
However, it is not completely carbon neutral because the processes involved, such as the 
transportation, harvesting and production of organic matter, all require energy.

Methane

Carbon dioxide

Hydrogen

Nitrogen

Other

Typical composition of biogas

Figure 2  Composition of biogas

Answer

Methane derived from natural gas is produced by the fossilisation of animal and plant remains 
over a very long period of time, and so is considered a fossil fuel. Methane derived from 
the decomposition of vegetable scraps is directly obtained from organic matter, and so is 
considered a biofuel.
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Plants

Carbon dioxide

Combustion

Bioethanol

Figure 4 The recycling of carbon dioxide in the production of bioethanol

Biodiesel

Biodiesel is produced by the esterification of fats originating from animal products and 
oils originating from crops. Animal fats and plant oils such as sunflower, canola and palm 
are composed of compounds known as triglycerides. These triglycerides are composed of 
three fatty acids and a glycerol molecule, as shown in figure 5. An alcohol, usually metha-
nol, is added to the triglyceride, and with a catalyst such as potassium hydroxide, reacts to 
form biodiesel, a mixture of fatty acid methyl esters.
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Figure 5 Transesterification of triglycerides

This reaction, and other organic reactions and structures, will be further explored in  
chapter 7.

The reaction shown in figure 5 to produce biodiesel from triglycerides, is called a 
transesterification reaction. In the breakdown of the word in figure 6, we can see how  
this name reflects its function, relocating the ester groups from the triglycerides into 
biodiesel molecules.
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Figure 7 An example of a fatty acid methyl ester from biodiesel

Biodiesel itself has the structure shown in figure 7. It is important to note the presence of the 
ester group (COO) makes the molecule polar. Depending on the triglyceride used to create 
biodiesel, the length of the molecule varies.

Renewability of biofuels 3.1.1.2.2

overview

We can use our knowledge of the source of a biofuel to determine its renewability. 

theory details

A fuel is considered a renewable resource if it is replenished by natural process at a rate 
faster than or equal to the rate it is being consumed.  

Relocation Ester group

Trans esterification

Figure 6  Meaning of the word 
transesterification
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For example, the fatty acid methyl esters we know as biodiesel are derived from crops and 
animal fats which can be produced quickly to replenish stores of biodiesel. As a result, we 
classify biodiesel as a renewable energy source.

Similarly, biogas and bioethanol are both produced directly from organic matter, so can be 
produced in a relatively short time period.

As a result, we classify all biofuels as renewable energy sources.

Theory summary
• A biofuel is a fuel sourced directly from plant or animal matter.

• Biogas is a mixture of gases produced by the anaerobic breakdown of organic matter.

• Bioethanol is a fuel produced by the fermentation of glucose.

• Biodiesel is a fuel produced by the transesterification of fats and oils.

• A fuel is renewable if it can be replenished at a rate faster than or equal to the rate at 
which it is consumed.

2B QUESTIONS
Theory review questions

Question 1 

Biogas is mainly composed of ___________ and is a ___________ energy source.

A carbon dioxide, renewable
B methane, non-renewable
C carbon dioxide, non-renewable
D methane, renewable

Question 2 

Fermentation of organic matter by yeast results in the production of

A methane.
B bioethanol.
C fats and oils.
D glucose.

Question 3 

Biodiesel is

A composed of sugars.
B non-renewable.
C polar.
D sourced from only plants.

Question 4 

Renewable fuels 

A release less carbon dioxide than non-renewable fuels.
B are replaced at least at the rate at which they are consumed.
C directly contribute less to global warming than non-renewable fuels.
D are all biofuels.

Tip When determining the 
renewability of a fuel, 
consider how long the 
production process is, the 
way in which is it 
replenished (if at all), and 
whether it is likely to be 
consumed quicker than it  
is produced. 
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Exam-style questions

Within lesson

Question 5 (1 MARK)

Which of the following statements is most correct?

A Biogas is derived from the fossilisation of anaerobic bacteria.
B Fatty acid methyl esters are created by the oxidation of fats.
C Methane sourced from the breakdown of compost is a renewable energy source.
D Bioethanol can be obtained from the fractional distillation of crude oil.

Question 6 (1 MARK)

Which of the following compounds is also known as a mixture of fatty acid methyl esters?

A Methane B Bioethanol C Biodiesel D Triglycerides

Question 7 (5 MARKS)

Daisy purchased a new car, only to discover the fuel required is pure biodiesel. Unfortunately, there are no local biodiesel 
service stations, and so Daisy decides to produce the substance herself from the local sunflower crops, which grow very 
quickly. She also knows that she will not require all the sunflower crops to power her car.

a Would biodiesel produced in this way be considered renewable? Explain your answer. (2 MARKS)

b List an environmental concern Daisy may have regarding the process with respect to water. (1 MARK)

c Daisy adds methanol and a catalyst to the oil extracted from the sunflower crops. What type of reaction is occuring? (1 MARK)

d Daisy is successful in creating her desired product, however notices an additional product is formed. What is the name of 
this product? (1 MARK)

Question 8 (5 MARKS)

Sugarcane is a species of tall grasses rich in glucose. When fermented by anaerobic bacteria, the following reaction occurs:

C6H12O6(aq) → X(g) + Y(g)

a Name compounds X and Y. (1 MARK)

b Explain why compound X is considered a renewable fuel. (1 MARK)

c The above reaction produces compound Y, but this is offset by the production of sugarcane crops. Explain one 
environmental impact of compound Y if it were not offset. (1 MARK)

d Glucose for the above reaction is now sourced from potatoes. Would compound X still be defined as renewable? (2 MARKS)

 Multiple lessons

Question 9 (3 MARKS)

A large quantity of canola oil is mistakenly delivered to a coal-fired power station. The manager of the station decides it  
is most environmentally sustainable to make use of the canola oil, and thus decides to create a fuel from the triglycerides  
in the crops.

The production of this fuel follows the process: canola oil + methanol → X(l) + Y(l)

a Identify the type of biofuel X produced. (1 MARK)

b This technique of fuel production attracts media attention, and a number of other companies have begun to adopt a similar 
practice. Explain why the coal fuelling the station is considered non-renewable, but the fuel produced from canola crops is 
considered renewable. (2 MARKS)
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COMPARISON OF FUELS

This lesson builds on: 

	X 2A – Fossil fuels

Petrodiesel is a type of fossil fuel.

	X 2B – Biofuels

Biodiesel is a type of biofuel.

Lesson links

In this lesson, we will explore the differences between biofuels and fossil fuels.

Key terms and definitions

• Viscosity resistance of a substance to flow 
• Hygroscopicity ability to absorb water

2C

2A Fossil fuels 2B Biofuels 2C Comparison of fuels

Study design dot points

• 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

• 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

Key knowledge units 

Comparison of fossil fuels and biofuels 3.1.7.1

Comparison of petrodiesel  and biodiesel 3.1.8.1

Comparison of fossil fuels and biofuels 3.1.7.1

overview

Fossil fuels and biofuels are different in terms of renewability, energy content and their 
environmental impact related to sourcing and combustion.

theory details

As we learned in 2A, fossil fuels (coal, crude oil, petroleum gas, coal seam gas) are formed 
from the decomposition of plant and animal matter over a very long period of time. This 
makes them non-renewable as they cannot be replenished as rapidly as they are being 
consumed. On the other hand, biofuels (biogas, bioethanol, biodiesel), which are  
produced from organic matter such as corn and sugarcane, are renewable since the organic 
matter used to make biofuels can be regrown faster than or equal to the rate at which it  
is consumed.

Another difference between fossil fuels and biofuels is the amount of energy they 
release when they undergo combustion. The combustion reactions of biodiesel (a type 
of biofuel) produce less energy per gram than those of fossil fuels. This is due to the fact 
that the presence of oxygen atoms in biodiesel prevents the carbon atoms from being 
fully oxidised. However, all biofuels are considered to be more environmentally friendly 
because burning them produces less particulate matter, such as nitrogen oxides and sulfur 
oxides, that can lead to global warming. These oxides can also result in acid rain which 
destroys the natural environment, polluting the ocean and other water sources. 

Even though the combustion of both biofuels and fossil fuels releases carbon dioxide and 
water, the CO2 consumed by photosynthesis during biofuel production results in partial 
carbon neutrality. However, the production is not completely carbon neutral because 
energy is required for the production and transportation of biofuel crops. Moreover, in the 
short-term, huge volumes of rock and soil left after the process of producing fossil fuels are 
dumped into adjacent streams and rivers causing water to be polluted. In the long-term, 
the invasive techniques used to extract fossil fuels result in land degradation and erosion. 
However, the sourcing of biofuel also has negative impacts. This is because large amounts 
of land and water are required to produce crops. Over time, this land becomes degraded 
and food producing land is taken over for the production of biofuels.
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Table 1 Comparison of biofuels and fossil fuels

Biofuels Fossil fuels

renewable non-renewable

produce less energy per gram (this only 
applies to biodiesel)

produce more energy per gram 

lower net emission of greenhouse gases due 
to partial carbon neutrality

greater net emission of greenhouse gases

produce less particulate matter produce more particulate matter

require land and water require drilling and/or mining

Comparison of petrodiesel and biodiesel 3.1.8.1

overview

Petrodiesel and biodiesel are different in terms of chemical structures, viscosity, 
renewability, hygroscopicity, environmental impact and the amount of energy produced 
per gram.

theory details

Viscosity is the resistance of a substance to flow. As learned in 2A and 2B, petrodiesel 
contains a large percentage of straight chain alkanes, while biodiesel is a mixture of fatty 
acid methyl esters derived from triglycerides, as shown in figure 1. Due to the presence 
of alkanes, which are non-polar molecules, petrodiesel molecules are held together by 
weak dispersion forces. Conversely, biodiesel molecules are held tightly by permanent 
dipole-dipole bonds due to the presence of polar ester COO groups. As a result, it’s easier 
for petrodiesel to flow than biodiesel meaning that petrodiesel has a lower viscosity than 
biodiesel. Due to the higher viscosity, biodiesel, does not flow as easily through fuel lines. 
Since the viscosity of a substance increases at lower temperatures, it is also easier to store 
and use petrodiesel in fuel requiring appliances, such as cars and generators, in cold 
weather compared to biodiesel. 

The COO groups of biodiesel can also form hydrogen bonds with water molecules, 
making it hygroscopic, allowing biodiesel molecules to absorb more water than the non-
polar petrodiesel. Therefore, petrodiesel can be stored for longer than biodiesel without 
compromising the quality of the fuel due to the absorbed water. Moreover, the presence of 
water in biodiesel lowers the efficiency of combustion reactions.  
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Figure 1  Structure of biodiesel and petrodiesel

Petrodiesel is a type of fossil fuel, while biodiesel is a type of biofuel. As discussed 
above, biofuels are renewable, whereas fossil fuels are not. This means that biodiesel is 
a renewable energy source and petrodiesel is not. With respect to sourcing, biodiesel 
requires intensive farming which consumes a lot of water and land, whereas petrodiesel 
requires the drilling of crude oil, which can result in oil spills and ecological damage. 
Another difference between petrodiesel and biodiesel is that the combustion of 
petrodiesel is able to produce more energy per gram than that of biodiesel. Due to the 
partial oxidation of biodiesel, there is less potential for biodiesel to be further oxidised 
when compared to petrodiesel, and as a result releases less energy than petrodiesel during 
combustion. Furthermore, biodiesel is more likely to be decomposed by living organisms 
such as bacteria and fungi. Hence, biodiesel is more biodegradable than petrodiesel, 
which reduces its environmental impact. The combustion of biodiesel also releases less 
particulate matter such as nitrogen oxides and sulfur oxides as compared to petrodiesel. 
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Table 2 Comparison of biodiesel and petrodiesel

Biodiesel Petrodiesel

higher viscosity → harder to flow through fuel lines lower viscosity →  easier to flow through fuel lines

more hygroscopic less hygroscopic

renewable non-renewable

produces less energy per gram produces more energy per gram

higher melting point lower melting point

lower net emission of greenhouse gases due to partial 
carbon neutrality

greater net emission of greenhouse gases

biodegradable non-biodegradable

produces less particulate matter from combustion produces more particulate matter from combustion

requires land and water requires drilling of crude oil

Theory summary
• Fossil fuels and biofuels are different in terms of renewability, energy content and 

environmental impact.  

• Petrodiesel and biodiesel are different in terms of chemical structures, viscosity, renewability, 
hygroscopicity, environmental impact and the amount of energy produced per gram.

2C QUESTIONS
Theory review questions

Question 1 

Which of the following statements is true about the difference between fossil fuels and biofuels?

A Fossil fuels are renewable while biofuels are not.
B Biofuels are renewable while fossil fuels are not.
C Fossil fuels produce more energy per gram than biodiesel.

D Both B and C

Question 2 

Which of the following statements is correct about the difference between petrodiesel and biodiesel?

A Petrodiesel has a higher viscosity than biodiesel.
B Biodiesel has a higher viscosity than petrodiesel.
C Biodiesel is non-renewable while petrodiesel is renewable.

D Both biodiesel and petrodiesel are biodegradable.

Question 3 

Which of the following statements best explains why biodiesel is more hygroscopic than petrodiesel?

A Biodiesel is heavier.
B COH groups in biodiesel can form hydrogen bonds with water.
C COO groups in biodiesel can form hydrogen bonds with water.

D COO groups in petrodiesel prevent it from interacting with water.

Exam-style questions

Within lesson

Question 4 (1 MARK)

A group of engineers needs to choose a fuel to run a machine in Verkhoyansk, which is considered to be one of the coldest 
places in the world. The engineers should choose
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A petrodiesel because it has a low viscosity so it can flow readily in cold weather.
B petrodiesel because it has a high viscosity so it can flow readily in cold weather.
C biodiesel because it has a high viscosity so it can flow readily in cold weather. 
D biodiesel because it is more sustainable in cold weather.

Use the following information to answer questions 5 and 6.

The information for the fuel consumption of two machines is presented below.

Machine Fuel Fuel consumption (L/hour) CO2 produced (g (CO2)/L)

1 Bioethanol 15 2100

2 Petrodiesel 9 2708

Question 5 (1 MARK)

Based on the given information, which of the following statements is correct?

A Bioethanol has a higher energy content per gram than biodiesel.
B Petrodiesel and bioethanol produce the same amount of energy per gram.
C Bioethanol produces more g (CO2) per hour than petrodiesel.

D Petrodiesel is more viscous than bioethanol.

Question 6 (1 MARK)

Between bioethanol and petrodiesel, which fuel is more environmentally friendly?

A Bioethanol because it produces no CO2 when burnt.
B Petrodiesel because it produces less CO2 when burnt.
C Bioethanol because its production partially offsets the carbon dioxide released when combusted.
D Petrodiesel because it is replenished by natural processes.

Question 7 (4 MARKS)

Describe and explain the difference between petrodiesel and biodiesel in

a viscosity under the same conditions and how this would affect the flow of each fuel. (2 MARKS)

b net amount of CO2 released from the combustion (including production) and how this would determine their 
environmental impacts. (2 MARKS)

Question 8 (6 MARKS)

Describe and explain the difference between fossil fuels and biofuels in

a renewability. (2 MARKS)

b environmental impacts related to sourcing and combustion. (4 MARKS)

Multiple lessons

Question 9 (4 MARKS)

Two tanks of biodiesel and petrodiesel delivered from factories lost their labels. A chemical engineer identified the type of 
diesel contained in each tank by pouring 5 mL of each type of diesel into two different cylinders labelled A and B. After 1 
minute, the engineer marked the position of the diesel at the top and 
the bottom in each cylinder and measured the distance between the 
top and the bottom marks. The results of this experiment are shown.

Identify the type of fuel contained in each cylinder. Justify your answer. 

Question 10 (5 MARKS)

A farmer, located in a cold region, wants to choose the diesel that can be stored until the next spring to run his crop harvester. 

a Which diesel type should the farmer choose? (1 MARK)

b Give two reasons for your choice. Justify your answer. (4 MARKS)

Cylinder Distance between the top and bottom marks

A 5 cm 

B 7 cm
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 e x p e r i m e n t

 FERMENTATION
Alcoholic beverages are generally made through a process involving fermentation of wheat products. This process is 
driven by the presence of yeast, which contains an enzyme that helps to speed up the reaction to produce ethanol.

Materials

• 5 g glucose
• Water
• Ca(OH)2 solution
• Conical flask
• Measuring cylinder
• Mass balance
• Cotton wool
• Test tube
• Yeast

Method

1 Place the conical flask on the mass balance and add a total of 5.0 g of glucose into the flask.
2 Add 50 mL of warm water into the flask. Swirl to dissolve the glucose.
3 Add 1.0 g of yeast to the solution.
4 Use cotton wool to plug the flask.
5 While the reaction in the conical flask is left to proceed, add 10 mL of Ca(OH)2 solution into a test tube. 
6 After approximately 5 minutes, remove the cotton wool from the conical flask and ‘pour’ the flask into the test tube 

containing Ca(OH)2 solution. Be careful not to pour any liquid contents from the conical flask into the solution.
7 Gently swirl the contents of the test tube.
8 Record any observations.

questions 
Question 1 (4 MARKS)

a Write a balanced equation for the fermentation process involving glucose. (1 MARK)

b Carbon dioxide is able to react with Ca(OH)2(aq) according to the equation CO2(g) + Ca(OH)2(aq) → CaCO3(s) + H2O(l)

 i  Freya conducted this experiment and noticed that the test tube containing Ca(OH)2(aq) changed into a cloudy 
colour. What does this suggest? (2 MARKS)

 ii  Given that Freya followed the exact same method as identified above, calculate the mass of CO2(g) that would 
have been produced. (1 MARK)

Question 2 (5 MARKS)

a What is the fuel being produced as a result of this experiment? (1 MARK)

b This fuel source is considered as being almost carbon neutral. Explain. (2 MARKS)

c Two different students conducted the same experiment. One used a scale that was able to read up to 3 decimal 
places whereas the other student used a kitchen scale that gave measurements up to 1 decimal place. How would 
this affect the measured results? (2 MARKS)
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answers

1 a C6H12O6(aq) → 2C2H5OH(aq) + 2CO2(g)

b i  [The cloudiness present  in the test tube implies that a reaction may have taken place. Based on the equation shown, the cloudiness 
may have been as a result of a reaction between CO2(g) and Ca(OH)2(aq) resulting in the production of CaCO3 precipitates.1] 
[This suggests that CO2(g) was  produced from the fermentation reaction.2]

I have described  the implications of the observation.1

I have identified the link between this reaction and the fermentation process.2

ii n(C6H12O6) =    5 ____ 180    = 0.0278 mol

n(CO2) = 0.0278 mol × 2 = 0.0556 mol 

 m(CO2) = 0.0556 × 44 = 2.45 g

2 a Bioethanol

b [During the combustion of bioethanol, CO2 gas is produced.1][However, the CO2 produced is used to support the growth of 
neighbouring crops (and even the crop to produce bioethanol) via supplying the CO2 gas required for photosynthesis to occur.2][This 
offsets the CO2 produced and as a result, bioethanol is often considered as being almost carbon neutral.3]

I have identified CO2 as a product of the combustion of ethanol.1

I have described the relationship between the CO2 produced and photosynthesis.2

I have linked my answer to the question.3

c [This would affect the accuracy of the results obtained1][whereby the student using the scale that is able to read up to 3 decimal 
places would have more accurate results.2]

I have identified the feature of the experiment affected by the scales.1

I have identified the effect of this feature on the  accuracy of measurements.2
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CHAPTER 2 QUESTIONS
MULTIPLE CHOICE (10 MARKS)

Question 1 (1 MARK)

Which of the following lists of energy sources contains only fossil fuels?

a Wood, tar, charcoal

b Natural gas, coal seam gas, coal

c Biogas, bioethanol, biodiesel

d LPG, petrol, biodiesel

Question 2 (1 MARK)

A sample of biodiesel is tested to determine its suitability as a fuel source in a low-temperature environment.

Of the following properties of the fuel, which would increase in a colder environment?

I Viscosity

II Density

III The amount of energy obtained per mol of biodiesel

a I, II only

b II only

c II, III only

d I, III only

Question 3 (1 MARK)

Which of the following molecular formulae is most likely to be that of biodiesel?

a   C  4   H  8   O  2   

b   C  17   H  34   O  2   

c   C  8   H  18   

d   C  17   H  36   

Question 4 (1 MARK)

Kimia, a chemical engineer, is tasked with selecting an appropriate fuel for a new client’s energy plant. Unfortunately, 
Kimia’s research documents are compromised on a rainy day.

Which of the following pieces of data is most likely to have been part of her analysis?

biodiesel Petrodiesel

a Lower flashpoint Higher flashpoint

b Non-renewable Renewable

c Lower boiling point Higher boiling point

d Higher viscosity Lower viscosity
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Question 5 (1 MARK)

Which of the following statements is not correct?

a Petroleum gas is a non-renewable source of energy.

b Electricity can be generated by burning coal.

c Biogas is renewable because it does not produce carbon dioxide when burnt.

d Biodiesel can be sourced from both plant and animal matter.

Question 6 (1 MARK)

Biodiesel can be categorised as a renewable fuel. Which of the following definitions best defines a renewable fuel?

a A fuel that will not be entirely consumed in a relatively short period of time

b A fuel that does not produce greenhouse gases

c A fuel derived from organic matter

d A fuel that will be replenished naturally within a relatively short period of time

Question 7 (1 MARK)

A sample of crude oil is obtained from underground deposits and its contents are analysed using a process known as 
fractional distillation. Which of the molecules listed below is most likely to have been found in the sample?

a Bioethanol

b Butyne

c Petrodiesel

d Biogas

Question 8 (1 MARK)

Which of the following statements about petrodiesel are true?

I Petrodiesel can be obtained through the separation of the components of crude oil.

II Petrodiesel has a higher energy content per gram than biodiesel.

III Petrodiesel can be refined to obtain biodiesel.

IV Petrodiesel contains a mixture of fatty acid methyl esters.

a I, II, IV only

b II, IV only

c I, II only

d I, IV only

Question 9 (1 MARK)

Dr Hisako is looking for a compound with a minimal density of carbon for his research project. Of the following available 
materials, which would be most suitable for this requirement?

a Wood

b Black coal

c Peat

d Brown coal
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Question 10 (1 MARK)

Biodiesel can be obtained via

a addition of methanol to triglycerides from organic matter.

b transesterification of triglycerides from fossilised remains.

c fractional distillation of crude oil.

d oxidation of fatty acid methyl esters.

SHORT ANSWER (29 MARKS)

Question 11 (6 MARKS)

A global ethanol production company is investigating a potential new source for their fuel. Currently, ethanol is sourced 
from coal deposits underground, but researchers have proposed the use of sweet potatoes as an alternative source. 
Sweet potatoes are harvested from crops and fermented by bacteria, which produce ethanol.

a Explain how ethanol sourced from coal can be considered non-renewable, whereas ethanol sourced from sweet 
potatoes is considered renewable. (2 MARKS)

b The researchers of the company are interested in the specific process of the fermentation of the sweet potatoes. 
Complete the chemical equation for the fermentation process given below. (2 MARKS)

C6H12O6(aq)

c Describe one environmental advantage, with respect to the production of carbon dioxide, of switching to the use of 
sweet potatoes as an energy source as opposed to coal. (1 MARK)

d Identify one negative impact that the growth of sweet potato crops may have on the environment. (1 MARK)

Question 12 (8 MARKS)

One process of extracting petrodiesel from the environment is summarised below.

Underground deposits Drilling Fractional distillationCrude oil Petrodiesel

a Would the product of this process be considered a renewable or non-renewable fuel? Justify your answer. (2 MARKS)

b A sample of petrodiesel is extracted and analysed. What intermolecular force(s) would you expect to observe in this 
sample? Use the structure of petrodiesel in your explanation. (2 MARKS)

c Through an error in the transport of the crude oil from the drilling facility to the refinery, the sample of petrodiesel 
was actually contaminated with biodiesel to a large extent. Would this contamination lead to a higher or lower 
boiling point compared to a pure sample of petrodiesel? Explain. (3 MARKS)

d The pure product petrodiesel is now combusted in a vehicle’s engine to harness its energy. Identify one negative 
effect of this combustion reaction on the environment. (1 MARK)

Question 13 (8 MARKS)

Year 12 Chemistry students Ruchika and Katrina each attain their probationary licenses and begin researching options 
for the purchase of their first cars. Both students are looking for a renewable energy source to fuel their car. Ruchika is 
interested in an electric car, whereas Katrina is looking for a car fuelled by biodiesel.

a Ruchika proposes that her car would be running on a renewable energy source because the electricity is generated 
from the combustion of natural gas. Comment on the truth of this statement. (2 MARKS)

b On weekends, both students enjoy driving to the ski slopes nearby. Explain how the viscosity of the biodiesel fueling 
Katrina’s car is affected by these reduced temperatures. (2 MARKS)
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c Ruchika hires an expert to investigate the fuel efficiency of a range of models she is interested in. The results of this 
investigation are summarised below. 

car 1 car 2 car 3 car 4

Fuel efficiency  (L/100 km) 21.3 17.6 17.3 11.4

 C O  2    produced   g (C O  2  )/L  1750 2479 2453 2871

If the journey to the ski lodge is 75 km, which car would produce the least amount of  C O  2    for this trip? (2 MARKS)

d Katrina is looking to compare bioethanol and petrodiesel and finds that bioethanol produces 1.91 kg of  C O  2    per 
kg of fuel, compared with 3.17 kg of  C O  2    per kg for petrodiesel. However, the overall impact of the carbon dioxide 
released by bioethanol is significantly lower than that of petrodiesel. Explain this result with reference to the origin 
of bioethanol. (2 MARKS)

Question 14 (7 MARKS)

Petrodiesel and biodiesel are two fuels with a number of similarities and differences with respect to their structure and 
chemical properties.

a i Identify and explain, with reference to structure and intermolecular bonding, which fuel has a 
lower viscosity.  (3 MARKS)

 ii Name one advantage of a fuel with lower viscosity. (1 MARK)

b  i Identify and explain, with reference to structure, which fuel has a lower hygroscopicity. (2 MARKS)

 ii Name one advantage of a fuel with lower hygroscopicity. (1 MARK)

KEY SCIENCE SKILL QUESTION

Question 15 (6 MARKS)

Julius, an automobile safety engineer tasked with testing an engine’s capacity to combust different fuels, conducts the 
following experiment to investigate the boiling point of a range of different molecules. The engineer is supplied with a 
large supply of petrodiesel, biodiesel and bioethanol with which to perform his experiment. In a controlled environment, 
100 gram samples of each fuel were heated until vapourised, and their respective boiling points were recorded with a 
digital thermometer.

a Name the independent and dependent variables in this experiment. (2 MARKS)

b The experimentally determined values of the boiling points for each of the fuels were, in increasing order: 
Ethanol 78 °C 
Petrodiesel 250 °C 
Biodiesel 360 °C 
Julius notes that the boiling point for petrodiesel, which he knows is a non-polar hydrocarbon, is in fact higher than 
the boiling point of ethanol, which he also knows is a highly polar molecule. If, in fact, Julius’ experimental results are 
accurate, suggest a reason for the difference in these values. (2 MARKS)

c If the engineer only has access to the resources mentioned above, identify a method to improve the precision of his 
results. Explain your answer. (2 MARKS)
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2A Fossil fuels
Theory review questions

1 B 2 C 3 A 4 B

Exam-style questions

Within lesson

5 C

6 a  [Peat is found much closer to the surface than black coal, therefore 
has a lower carbon content and higher water content compared 
to black coal.1][As a result, black coal would have a higher energy 
content than peat.2]

I have compared the composition of peat and black coal.1

I have linked my answer to the results in the question.2

b The main use of coal is to produce electricity.

7 a  Crude oil/petroleum

b [Aside from producing carbon dioxide when burned, petrodiesel that 
is contaminated with sulfur and nitrogen can result in the formation of 
sulfuric acid and nitric oxide.1][All of these compounds have negative 
impacts on the environment due to effects such as acid rain.2]

I have identified the potential products formed as a result 
of the burning of petrodiesel.1

I have linked my answer to the question.2

8 [Methane is a non-renewable energy source when it is obtained from 
coal,1][as non-renewable resources are those that cannot be readily 
replenished as quickly as they are being consumed.2][Methane from 
coal deposits has formed over a long period of time so once natural gas 
supplies are used up, they are not readily replenished as they take  
millions of years to form.3][So, methane produced via coal is considered a  
non-renewable energy source.4]

I have identified in which situation methane is a  
non-renewable resource.1

I have stated what a non-renewable resource is.2

I have explained why this option is non-renewable.3

I have linked my answer to the question.4

9 a  [Coal is a fossil fuel 1][because deposits are formed from organic 
matter decaying in sediments that are turned into coal over millions 
of years.2][Natural gas is also a fossil fuel,3][as it is extracted from 
fractures in the Earth’s surface that release this gas from deposits 
formed in the same way as coal.4]

I have identified coal as a fossil fuel.1

I have explained why coal is a fossil fuel.2

I have identified natural gas as a fossil fuel.3

I have explained why natural gas is a fossil fuel.4

b [Fossil fuels have been formed from the remains of living organisms.1]
[Therefore, ethanol produced from coal is a fossil fuel as coal has 
been formed from the remains of plants over millions of years.2][As 
a result, ethanol produced from this method cannot be considered 
as renewable as it will not be able to be replenished as quickly as it is 
being consumed.3]

I have stated what a fossil fuel is.1

I have linked the production of ethanol and the formation 
of fossil fuels.2

I have linked my answer to the question.3

10 a  [Wood is a product of a recently living organism and grows relatively 
quickly,1][whilst fossil fuels are formed from the decomposition of 
plant and animal material over millions of years.2][Based on the rate 
at which wood can be generated, wood would not be considered as a 
fossil fuel.3]

I have identified how wood is produced.1

I have identified how fossil fuels are produced.2

I have linked my answer to the question.3

b Wood is not a sustainable energy source as it is burned quicker than 
the trees can grow.

Multiple lessons

11 [Hydrogen formed through methane, a fossil fuel, produces carbon 
dioxide, a greenhouse gas. As a result, there is an increase in the 
amount of greenhouse gas emissions contributing to climate change.1]
[Electrolysis of water powered by solar energy, a renewable source, only 
uses water to produce hydrogen fuel. Hence, neither the electrolytic 
process nor the energy powering it has a negative impact on the 
environment.2][Oxygen is the by-product of this reaction and it is 
beneficial for life on Earth,3][therefore electrolysis of water does not have 
much of an impact on the environment.4]

I have explained the effect of methane on the environment.1

I have explained the effect of water and solar energy on  
the environment.2

I have explained the effect of oxygen on the environment.3

I have stated the impact of electrolysis of water on  
the environment.4

2B  Biofuels
Theory review questions

1 D 2 B 3 C 4 B

Exam-style questions

Within lesson

5 C 6 C

 7  a  [Yes.1][The sunflower crops used to produce the fuel can be 
replenished at a rate faster than they are consumed. 2]
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I have identified biodiesel as a renewable energy source.1

I have explained why with reference to the origin of  
the fuel.2

b A large amount of water is required to cultivate the sunflower crops.

c Transesterification reaction

d Glycerol

Multiple lessons

 8  a X = (Bio)ethanol and Y = carbon dioxide

b Bioethanol is considered a renewable fuel because it is derived from 
crops that can be replenished at a rate faster than or equal to the 
rate at which they are consumed.

c Carbon dioxide acts as a greenhouse gas which contributes to 
climate change.

d [Yes.1][Potatoes can be grown and cultivated in a relatively short 
period of time and at a rate faster than or equal to the rate at which 
the bioethanol is consumed.2]

I have identified bioethanol from potatoes as renewable.1

I have explained why the origin of this bioethanol is 
regarded as renewable.2

 9  a Biodiesel

b [Coal is derived from the fossilisation of organic matter over the 
course of millions of years, and so is not easily replenished by natural 
sources, making it non-renewable.1][Biodiesel is quickly produced by 
canola crops and so can be replenished by natural processes at a rate 
faster than it is consumed which means it is considered renewable.2]

I have explained how coal is a fossil fuel, and therefore 
non-renewable.1

I have explained how biodiesel is a biofuel and  
therefore renewable.2

2C Comparison of fuels
Theory review questions

1 D 2 B 3 C

Exam-style questions

Within lesson

4 A 5 C 6 C

7 a  [Biodiesel has a higher viscosity than petrodiesel1][meaning  
that it is harder for biodiesel to flow than petrodiesel under  
the same conditions.2]

I have compared the viscosity of biodiesel and 
petrodiesel.1

I have used the difference in the viscosity of the two types 
of diesel to compare their ability to flow.2

b [The combustion of biodiesel produces a lower net amount of 
carbon dioxide than petrodiesel due to the partial carbon dioxide 
offset resulting from the production of biodiesel crops,1][meaning 
that biodiesel has less negative impacts on the environment  
than petrodiesel.2]

I have compared the amount of carbon dioxide produced 
by biodiesel and petrodiesel.1

I have used the difference in the amount of carbon dioxide 
produced by the two types of diesel to compare their 
environmental impacts.2

 8  a  [Biofuels are renewable, whereas fossil fuels are not.1][This is 
because organic matter used to produce biofuels can be grown faster 
than or equal to the rate at which it is consumed, while  fossil fuels 
are formed from the decomposition of plant and animal matter over 
a very long period of time.2]

I have compared the renewability of the fuels.1

I have explained my answer based on the time required to 
produce the fuels.2

b  [Biofuels and fossil fuels both have advantages and disadvantages 
with respect to their environmental impact from sourcing and 
combustion.1][The sourcing of fossil fuels can lead to land 
degradation and water pollution,2][whereas the production of 
biofuels requires intensive farming practices which can use up 
water supplies, erode the land and take up land once available 
for food production.3][With respect to combustion, petrodiesel 
releases more particulate matter and has a higher net greenhouse 
gas emission than biodiesel.4][Even though biodiesel still releases 
carbon dioxide when undergoing combustion, this is partially offset 
by the production of plant matter which absorbs carbon dioxide from 
the atmosphere via the process of photosynthesis.5]

I have stated that both fossil fuels and biofuels have 
environmental impacts.1

I have explained the environmental impacts resulting from 
the sourcing of fossil fuels.2

I have explained the environmental impacts resulting from 
the sourcing of biofuels.3

I have explained the environmental impacts resulting from 
the combustion of fossil fuels.4

I have explained the environmental impacts resulting from 
the combustion of biofuels.5

Multiple lessons

 9  [The diesel in cylinder A moved a shorter distance than the diesel in 
cylinder B.1][This indicates that the diesel in cylinder A is more viscous 
than the diesel in cylinder B.2][Biodiesel molecules are held tightly 
by permanent dipole-dipole bonds due to the presence of polar COO 
groups whereas non-polar petrodiesel molecules are held loosely by 
dispersion forces, leading to its lower viscosity.3][Therefore, cylinder A 
contains biodiesel and cylinder B contains petrodiesel.4]

2C
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I have compared the distance travelled by each type  
of diesel.1

I have linked the distance travelled to the viscosity of each 
type of diesel.2

I have used the intermolecular forces present in each 
diesel to explain the difference in viscosity.3

I have determined the diesel contained in each cylinder.4

 10  a  Petrodiesel 

b [Petrodiesel is less hygroscopic than biodiesel so it can be stored 
for a longer period of time without losing its quality due to water 
being absorbed into the fuel supply.1][This is because the polar 
COO groups present in biodiesel can form hydrogen bonds with 
water, making it absorb water more easily.2][Petrodiesel has a lower 
viscosity than biodiesel, meaning that it can flow more readily  
in cold weather.3][This is because the polar ester COO groups  
allow biodiesel molecules to be held tightly by permanent  
dipole-dipole bonds.4] 

I have compared the hygroscopicity between the two 
types of diesel.1

I have explained the difference in hygroscopicity.2

I have compared the viscosity between the two types  
of diesel.3

I have explained the difference in viscosity.4

Chapter 2 review
Multiple choice

1 B 2 A 3 B 4 D 5 C

6 D 7 C 8 C 9 A 10 A

Short answer

11 a  [For a fuel to be considered renewable it must be easily replenished 
by natural processes as fast or more rapidly than it is consumed.1]
[Ethanol sourced from coal is not easily replenishable as fossilisation 
of organic matter occurs over millions of years, however ethanol 
sourced from sweet potato crops can be replenished at a rate equal 
to or faster than its consumption.2]

I have defined a renewable fuel source.1

I have used my definition to describe why ethanol can 
be both renewable and non-renewable depending on 
its source.2

b C6H12O6(aq) → 2C2H5OH(l) + 2CO2(g)

c [The production of sweet potato crops would absorb carbon dioxide 
to offset the amount released when combusted,1][whereas ethanol 
sourced from coal deposits would not.2]

I have identified carbon offsetting as an advantage of 
farming sweet potatoes.1

I have compared this to coal deposit sourcing.2

d The clearing of land to produce sweet potato crops may damage 
animal habitats.

12 a  [A renewable fuel is easily replenished by natural processes within a 
relatively short period of time.1][The petrodiesel product is obtained 
from underground coal deposits formed over millions of years, and 
so it is not considered renewable.2]

I have defined a renewable fuel.1

I have used this definition to explain why petrodiesel is  
not renewable.2

b [Petrodiesel is a long non-polar hydrocarbon chain, with no 
functional groups.1][Therefore, the intermolecular bonds between 
petrodiesel molecules are only dispersion forces.2]

I have identified the structure of petrodiesel.1

I have used the structure to identify the intermolecular 
force that is present.2

c [Biodiesel contains a polar ester linkage, which allows it to form 
permanent dipole-dipole intermolecular bonds.1][These polar bonds 
are significantly stronger than the dispersion forces present in 
petrodiesel.2][As a result, more energy will be required to break the 
bonds, leading to a higher boiling point for the mixture.3]

I have identified the primary intermolecular bond present 
in biodiesel.1

I have related the strength of these bonds to those  
of petrodiesel.2

I have explained how this difference will affect the 
mixture’s boiling point.3

d Combustion of petrodiesel releases the greenhouse gas carbon 
dioxide into the atmosphere, which contributes to global warming.

13 a  [A renewable energy source is one replenished by natural processes 
as fast or more rapidly than it is consumed.1][Natural gas is obtained 
from coal deposits which are formed over millions of years and are 
rapidly depleted, making it non-renewable.2]

I have defined a renewable fuel.1

I have used this definition to explain why electricity 
sourced from natural gas is not renewable.2

b [The decreased temperature of the environment decreases the 
average kinetic energy of the fuel and decreases bond length 
between atoms and between molecules of biodiesel, resulting in an 
increase in density.1][As a result, there is an increase in the viscosity 
of the biodiesel.2]

I have described the effect of a decrease in temperature on 
the bonding of biodiesel.1

I have stated how this change in temperature will affect 
the biodiesel’s viscosity.2
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c m(CO2) per 75 km =    
m(CO2)

 _______ L    ×    L ______ 100 km    × 0.75

Car 1 =  1750 × 21.3 × 0.75 = 27 956 g 

Car 2 =  2479 × 17.6 × 0.75 = 32 723 g 

Car 3 =  2453 × 17.3 × 0.75 = 31 828 g 

Car 4 =  2871 × 11.4 × 0.75 = 24 547 g 

Therefore car 4 has the lowest amount of carbon dioxide released 
per 75 km.

d [Bioethanol is primarily produced from the fermentation of glucose 
sourced from crops.1][These crops absorb carbon dioxide during 
growth, so when combusted the net release of carbon dioxide into 
the atmosphere is minimal.2][Petrodiesel is sourced from both plant 
and animal matter and so has a smaller amount of carbon offsetting, 
leading to a significantly higher net amount of carbon dioxide 
released into the atmosphere compared to bioethanol.3]

I have stated the origin of bioethanol.1

I have used the origin to explain the net carbon dioxide 
impact of bioethanol.2

I have compared the net environmental impact of 
bioethanol and petrodiesel.3

14 a i  [Petrodiesel is a hydrocarbon with no functional groups, and 
so can only form weak dispersion forces.1][Biodiesel contains a 
polar ester group and so can form much stronger intermolecular 
dipole-dipole bonds.2][Because petrodiesel has weaker 
intermolecular forces, it is held less tightly together and so has a 
lower viscosity than biodiesel.3]

I have identified the structure and intermolecular 
forces of petrodiesel.1

I have identified the structure and intermolecular 
forces of biodiesel.2

I have related these properties to the viscosity and 
determined which fuel has a lower viscosity.3

 ii Lower viscosity allows easier flow through fuel lines.

b i  [Petrodiesel consists of non-polar hydrocarbons with no 
functional groups, meaning they are non-polar molecules.1]
[Biodiesel molecules contain a polar ester group and so are 
comparatively more polar molecules.2][As water is also a polar 
molecule, biodiesel will attract water more, making petrodiesel 
less hygroscopic.3]

I have described the structure of petrodiesel.1

I have described the structure of biodiesel.2

I have used the differences in structure to explain why 
petrodiesel is less hygroscopic than biodiesel.3

 ii  [Hygroscopic fuels attract water, and so can cause rust,1][make 
the combustion reaction less efficient and foster the growth of 
microorganisms in fuel lines.2]

I have identified a property of hygroscopic fuels.1

I have identified an inefficiency of hygroscopic fuels.2

Key science skill question

15 a Independent variable: type of fuel. 

Dependent variable: boiling point.

b [While the hydrogen bonds of ethanol are significantly stronger than 
dispersion forces,1][petrodiesel molecules have hydrocarbon chains 
that are long enough to generate an overall intermolecular dispersion 
force that is actually greater than these hydrogen bonds.2]

I have made a reference to the different intermolecular 
forces present in ethanol and petrodiesel.1

I have suggested a reason for the differences in each fuel’s 
boiling point.2

c [To improve the precision of the results, the engineer could repeat 
the experiment multiple times under the same experimental 
conditions.1][He could then take the average of all the results 
obtained in order to reduce the effects of any random errors.2]

I have identified how the engineer could improve the 
accuracy of his results.1

I have described why this method will improve the 
accuracy of the results.2
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