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GRADE 9: Materials 3 

Energy resources 

About this unit 
This unit is the third of four units on materials for 
Grade 9. This unit should preferably be studied 
after Unit 9P.4. 

The unit is designed to guide your planning and 
teaching of lessons on materials. It provides a 
link between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 10A and Grade 7. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already understand 
how energy is converted from one form to another and that some of those 
transformations are easier than others. They should know about the biotic 
origins of fossil fuels and about the chemical reactions involved in burning. 
They should also have a knowledge of the electromagnetic spectrum. 
 

Expectations 
By the end of the unit, students know the difference between endothermic 
and exothermic reactions and are familiar with the energy profile of a 
reaction. They compare the heat energy available from different fuels. They 
distinguish between renewable and non-renewable energy forms, classify 
any energy source into one of these categories and explain the origins of 
fossil fuels. They explain the importance of fossil fuels to the economy of 
Qatar. They recognise that the Sun is the origin of the energy in all 
renewable energy sources and was originally the source of energy in fossil 
fuels. 

Students who progress further recognise respiration and photosynthesis 
as opposites and understand in outline how the energy output of respiration 
is controlled in nature. They understand that cooking involves exothermic 
reactions. They recognise the social and economic consequences of 
dependency on non-renewable energy resources. They explain the 
greenhouse effect in terms of the differential absorption of radiant energy of 
different frequencies.  
 

Resources 
The main resources needed for this unit are: 
• investigation planning poster 
• booklets and pamphlets on fossil fuels from oil companies 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• exothermic, endothermic reactions 
• energy of reaction, activation energy 
• respiration and photosynthesis 
• renewable and non-renewable energy resources 
• fossil fuels, global warming 

UNIT 9M.3 
10 hours 
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Standards for the unit 

10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.16.1 Know that in some reactions energy is given out and in others it is taken in. 10A.24.4 Explain and use the concept of 
standard enthalpy change (∆H), with 
particular reference to combustion, 
formation, solution and neutralisation, 
and calculate enthalpy changes from 
experimental results. 

 9.16.2 Construct and interpret an energy profile of a reaction. 10A.24.2 Construct reaction energy profiles 
showing enthalpy changes in the 
reaction and activation energy. 

8.16.3 Know that during energy 
transformations energy is converted 
from one form to others but that the 
total energy remains the same. 

9.16.3 List the main sources of energy available to us and classify them as 
renewable and non-renewable. 

 

7.15.7 Describe the formation of oil and gas 
and how they are now extracted and 
used. 

9.16.4 Name the common fossil fuels and explain their origin. 10A.18.3 Know how a variety of fuels and other 
useful compounds can be obtained 
from petroleum and natural gas. 

7.13.3 Know that when a substance burns, 
it combines chemically with the 
oxygen in the air and that the overall 
mass of the product(s) is greater 
than the original mass of the 
material. 

9.16.5 Know what chemical reactions take place when fuels burn.  10A.22.7 Know why the build up of some gases, 
such as methane and carbon dioxide, 
in the atmosphere is leading to a 
warming of the atmosphere and 
climate changes. 

 9.16.6 Describe the different ways in which we can harness energy from the Sun, 
either directly or indirectly through wind energy and hydropower. 

 

 9.16.7 Know that plants and animals require energy to survive and that their 
source of energy is ultimately the Sun. 

 

4 hours 

Exothermic and 
endothermic 
reactions 
 

3 hours 

Fossil fuels 
 

3 hours 

Renewable and 
non-renewable 
energy sources 

 9.16.8 Explain how the Sun was the source of energy now stored in fossil fuels.   

Unit 9M.3 
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Activities 

Objectives Possible teaching activities Notes School resources 

Reactions that give out energy 
Organise students into groups and let them carry out the following investigations. 

Burning a match 

Give each group a match and a matchbox. Ask them to look at the match, then strike it and let it 
burn. Ask them what happened to it while they were looking at it, while they were striking it and 
while they were watching it burn. The key points that should emerge are that the match is a 
piece of burning wood but the wood had to be ignited using the match head before it would 
burn. Once ignited, however, the wood keeps burning. 

Burning magnesium 

Ask groups to set fire to magnesium and again describe what they had to do. 

Ask whether heat was given out or taken in during the burning of wood and magnesium. Define 
an exothermic reaction. Ask for other examples. The class will think of other reactions that 
involved burning. Write a word equation for the reaction on the board or OHP. Add energy as a 
product. 

 
 

 

Safety: Use a fireproof mat. 
 
 
 
 

 

 

 
 
 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Neutralisation 

Give each group a small amount of hydrochloric acid and sodium hydroxide solutions in two 
test-tubes. Tell them to mix the two and ask for observations. Some may have detected that the 
tube with the mixed solutions in got warm. If they missed it, ask them to feel it. Conclude that 
other reactions such as neutralisation are also exothermic. Write a word equation for the 
reaction, adding energy as a product. 

 

2 mol/dm3 solutions are adequate. 

 

4 hours 

Exothermic and 
endothermic reactions 
Know that in some reactions 
energy is given out and in 
others it is taken in. 

Construct and interpret an 
energy profile of a reaction. 

Know that plants and animals 
require energy to survive and 
that their source of energy is 
ultimately the Sun. 

Reaction energy profiles 
Introduce the idea of the energy content of compounds by considering magnesium and oxygen. 
Show it graphically with an energy scale on the y-axis and the reaction process on the x-axis. 
Draw two horizontal lines representing the energy stored in the uncombined starting materials 
on the left. Ask the class where to draw the energy representing that stored in the products. 
Some should recognise that it must be at a lower level. 

Question the class about what they had to do to make the magnesium burn. Some will 
recognise that energy was applied but that, once the burning had started, the energy given out 
was sufficient to maintain the combustion. Draw the full profile, labelling the activation energy 
and the energy evolved. 

Show the same reaction with steel wool. It usually burns well in the flame but goes out when the 
heat is removed. Challenge students to draw an energy profile for this reaction and discuss their 
results. Lead them to the idea of a profile in which the activation energy is bigger than the 
energy evolved. 

  

    

Unit 9M.3 
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Objectives Possible teaching activities Notes School resources 

Then challenge them to draw a profile for the neutralisation energy. Many may omit the activation 
energy altogether; discuss with them the fact that the two liquids are, in fact, quite warm (compared 
with the freezing temperatures they could be at). This profile will have a small activation energy. 

As a consolidation exercise, ask the class to draw profiles for some reactions they have met 
(e.g. the burning of gas, the reaction between iron and sulfur, the action of heat on copper). 

  

Reactions that take in energy 
Give each group some 2 mol/dm3 acid in a test-tube and ask them to add to it a small spatula 
full of potassium hydrogencarbonate. They should note that the tube gets cold. It is quite a 
difficult step from this observation to the realisation that heat has been taken in during the 
reaction and some students may need help. Ask the class to draw the energy profile for the 
reaction indicating, as before, the activation energy and the heat of reaction. 

Define an endothermic reaction. 

Ask the class whether they know any other endothermic reactions. They probably will not; 
endothermic reactions are quite rare and very often associated with the evolution of gas. Some 
students may suggest that cooking involves endothermic reactions. Postpone discussion on 
this. 

  

 

Energy changes in reactions in nature 
Burning glucose 
Provide each group with a spatula full of glucose on a tin lid. Ask them to place it on a tripod 
and heat it gently from above with a Bunsen burner, withdrawing the heat if it catches fire. 
Discuss the significance of this reaction in nature. Discuss what the products of the reaction 
might be if glucose contains only hydrogen, carbon and oxygen (the word carbohydrate can be 
introduced). Speculate with them why we do not catch fire when we break down glucose in our 
cells into these products (Grade 8 life science). Discuss the evidence for whether it is the same 
or a different reaction. 

Write the word equation on the board or OHP, adding energy to the right-hand side. Ask the 
class to draw an energy profile for the reaction.  

Ensure that students understand that the name of this reaction is respiration and that it is the 
same as burning but happens in a controlled way. Discuss with more advanced students how 
this reaction is controlled in nature. 

Photosynthesis  
Students will have met photosynthesis in Grade 8 life science. Ask them to recall the reaction 
and, as they do, summarise it as a word equation on the board. Ask them whether they think 
that the photosynthesis reaction is endothermic or exothermic. They should realise that as it 
needs light energy, it is endothermic. Add energy to the reaction equation.  

Ask students to spot the relationship between photosynthesis and respiration. Stress that these 
reactions are key ones in nature. Set the groups a consolidation task to draw two energy 
conversion flow charts to show first how light energy from the Sun is converted to chemical 
energy in plants and in animals, and secondly how that chemical energy is converted into other 
forms of energy by animals. 
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Objectives Possible teaching activities Notes School resources 

 

Cooking 
Ask the class whether they think that cooking food involves exothermic or endothermic 
reactions. They will probably respond that it is endothermic because heat is required. 

As a demonstration, cook a small casserole of a piece of chicken and some vegetables such as 
carrots and potatoes in a ‘hay box’. Bring the casserole to the boil and simmer gently for a few 
minutes to start the cooking process. Then take off the burner and place it in the hay box and 
leave it for the rest of the day. Open it and inspect the cooking. It will be cooked through.  

Challenge the students who thought the reactions were endothermic to explain where the heat 
to cook the food came from. Conclude that the process is exothermic. 

This kind of activity, combined with the use of solar energy to start the cooking process, suggests 
some interesting science club and science fair investigations into energy-efficient food preparation. 
 

 

 
 

Make a hay box from a wooden box lined on all 
sides with at least 5 cm of expanded polystyrene 
or polyurethane as insulation (standard roof 
insulation material may also be effective). The box 
should be just large enough for the casserole. 

 

Recalling earlier work 
Students will have met fossil fuels in a number of earlier units in physical processes and Earth 
science as well as in materials. A good way of finding out about their existing knowledge is by 
asking them to develop a concept map around fossil fuels. Return to this at the end of the topic. 

  

What happens when we burn fossil fuels? 
Challenge the class to find out as much as possible about what happens when different fuels 
are burnt. Ask them to try to identify the products and also ask them to think how they might 
compare the effectiveness of different fuels. Treat these two activities separately. Ask each 
group to plan the first exercise; the investigation planning poster may be useful. The groups 
may need help to straighten their thoughts. They may need to be reminded to think about 
possible products and how they might test for them. When you are sure they have planned a 
viable investigation, help them to implement it.  

Discuss the results with the class and summarise what has been found out. Develop a word 
equation to show the reaction. 

 

Students will need reagents and equipment for 
testing for water and carbon dioxide; they may 
also need polythene bags to collect samples 
(e.g. of car exhaust). 

Enquiry skills 9.1.1, 9.1.2, 9.1.5 

 

 

Lesson plan 9.2 

3 hours 

Fossil fuels 
List the main sources of 
energy available to us and 
classify them as renewable 
and non-renewable. 

Name the common fossil 
fuels and explain their origin. 

Know what chemical 
reactions take place when 
fuels burn.  

Explain how the Sun was the 
source of energy now stored 
in fossil fuels.  

Carbon dioxide and the greenhouse effect 
Recall, and repeat briefly if necessary, the work done in Unit 9M.2.  

Show a graph of the increase in the concentration of atmospheric carbon dioxide in the last 
century. Discuss the possible origins of this. 

Describe, with the aid of graphics, how a greenhouse traps heat. This can be easily 
demonstrated using a plastic box with a lid on left out in the sun. Also leave a control with no lid. 

Describe how the presence of certain gases, such as carbon dioxide, in the atmosphere can 
exert a similar effect by allowing through radiation from the Sun but absorbing the re-radiated 
energy that has a lower frequency. 

List the possible and probable effects on climate of the slow warming of the atmosphere, and 
hence the seas, caused by the greenhouse effect. Spend some time discussing with the class 
what has to be done to mitigate these effects. Include in the discussion, international efforts to 
combat the effect such as the Kyoto accords. Return to this discussion later in the topic after 
renewable energy resources have been taught.  

 
 

 
 

 
 

It is desirable that the electromagnetic spectrum 
in physics should have been covered before this 
topic. 
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Objectives Possible teaching activities Notes School resources 

Comparing fuels 
In this activity, each group will heat the same quantity of water through the same temperature 
rise (30 °C is appropriate) but each group should use a different fuel source, which is weighed 
before and after. A drink can is a useful container and 200 cm3 of water can be put in it.  

The object is to find out how what mass (in grams) of each fuel is needed to heat the water. 

An interesting feature of this experiment is that it has many sources of inaccuracies; encourage 
students to list these. They include: 
• inaccuracy in measuring the small change in mass of the burner; 
• the loss of heat to the atmosphere (the time taken to heat the can will be significant in this); 
• the consequence of incomplete combustion; 
• inaccuracy in measuring the exact temperature change. 

Discuss how these might be reduced if the experiment is done again. Discuss the relative 
magnitudes of each inaccuracy and also discuss the effect of each on the outcome if this 
activity is (a) to compare fuels or (b) to determine their exact calorific value. 

 

Examples of fuels are paraffin and methylated 
spirits in a spirit burner, butane in a small gas 
burner and three candles melted together. 

Safety: Fire hazard. Take care when burning 
liquid fuels. 

 
Enquiry skill 9.1.6 

 

Where do fossil fuels come from? 
This question could be covered in a discussion session in a single lesson or it could be part of a 
longer piece of research work in which students use books and the Internet to find information on 
how and when fossil fuels were laid down, how they have been preserved in the rocks – particularly 
how oil and gas have been trapped – how they are recovered and how we process them. 

If you deliver the lesson, useful resources for an ICT presentation, particularly graphics, can be 
found on the Internet. The same resources will be useful for students if the research option is 
chosen. Note that the research option will require several study hours to complete. 

Ensure that students realise that because fossil fuels result from the decay of living things, the 
chemical energy in them once came from the Sun. Ask students to extend the flow chart they 
did at the end of the first topic to include chemical energy stored in fossil fuels and then 
converted further by human activities. 

Only the biogenic theory of the origin of fossil fuels should be discussed in detail at this stage 
but you could mention the main abiogenic ideas of the origins of some hydrocarbons. 
 

 
ICT opportunity: Use of the Internet. 
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Objectives Possible teaching activities Notes School resources 

Where do we get our energy from? 
Ask the class what kinds of energy they make use of each day. List the answers. Follow that 
by asking where it comes from. Discuss the energy transformations involved in making the 
forms of energy that they identify (such as electrical energy). Construct a flow chart on the 
board or OHP to show the origins of the electrical energy used in Doha. 

Show pictures of other energy resources (e.g. a windmill, a nuclear power station, a 
hydroelectric dam, solar panels). For each one, discuss the source of the energy. Ask students 
to draw the flow chart themselves. They will probably need help completing all the energy flow 
charts back to the original source, which in all cases, except nuclear and geothermal, is the 
Sun. 

Emphasise the point made earlier that the Sun is the ultimate origin of almost all our forms of 
energy, including our fossil fuels. 

  3 hours 

Renewable and non-
renewable energy sources 
List the main sources of 
energy available to us and 
classify them as renewable 
and non-renewable. 

Describe the different ways in 
which we can harness energy 
from the Sun, either directly or 
indirectly through wind energy 
and hydropower. 

Explain how the Sun was the 
source of energy now stored in 
fossil fuels.  

What are renewable energy resources? 
Ask the class to list all the energy resources identified in the last activity and classify them as 
renewable or non-renewable. Define and explain these terms. 

Present to the class some current estimates of the time to depletion of the common non-
renewable fuels, at current rates of use. 
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Objectives Possible teaching activities Notes School resources 

Comparing energy resources 
Return to the list of energy resources that students make use of in their lives. Note that there 
are several different kinds, each kind suited to a particular need (e.g. heating, lighting, 
transport). Extend the discussion to their ‘hidden’ energy needs: the energy needed to produce 
the common items of everyday life (e.g. the metal objects they use, the houses they live in, the 
clothes they wear). List a few of these common objects and ask students to discuss these in 
groups and to describe briefly, for each one, the main energy inputs in its manufacture. They 
will need assistance with this. Then ask them, for each input, to add the most convenient 
energy resource. 

List on the board or OHP, with the help of students, possible sources of energy. Include 
renewable sources such as wind power. Ask each group to consider the advantages and 
disadvantages of one source of energy. The questions to be addressed are as follows and you 
will have to be able to provide some data on costs, sustainability, etc. 
• How cheap is the energy source?  
• How polluting is it? Consider the environmental consequences of both the extraction and the 

use of the energy.  
• How sustainable is it? Will it run out soon or is it renewable?  
• How convenient is it? We often need energy in large quantities but many non-polluting forms 

of energy are only available in small quantities (e.g. solar cells, wind, waves)  
• Is it easy to turn into a useful form, such as electricity or fuel for a vehicle. 

Finally, ask groups to share thier conclusions with the class. The main purposes of this session 
is to ensure that students realise, first, that this is an important but very complex issue, second, 
that addressing it will mean considerable social and economic changes, and third, the urgency 
and importance of the issue.  

 
 
 
 
 
 
 
 
 

Enquiry skills 9.2.1, 9.2.3 

 

 

Sustainable energy projects 
The issue of sustainable energy resources is a rich source of ideas for science club project 
work, ranging from model biodigesters to solar cookers to academic studies of issues such as 
global warming. This topic can therefore lead to much extra-curricular science. 
 

  

 



339  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.3  |  Materials 3 © Education Institute 2005 

Assessment 

 Examples of assessment tasks and questions Notes School resources 

Below are nine words or phrases related to energy resources. Place a word or phrase in one 
oval in the word circle to the right and then place a related word in an adjacent oval. Write, in the 
space between the ovals, a scientifically correct and meaningful statement that links the two 
adjacent words. Continue adding more words and statements round the circle until it is 
complete. 

 renewable  non-renewable  fossil  wind turbine  car  electricity  
carbon dioxide  greenhouse effect  reserves 

 

 

Draw flow charts showing the origins of the energy used in the following processes: 

a. driving a car; 

b. hydroelectricity generation; 

c. burning wood; 

d. cooking food in Doha; 

e. using a torch. 

  

Fossil fuels are used to generate electricity, but most people in the world use firewood as a fuel. 

a. Firewood and fossil fuels are both energy resources. What is the original source of this 
energy? 

b. Name three fossil fuels that are often burned to generate electricity. Which one of these is 
used in Qatar? 

c. Fossil fuels are often described as non-renewable energy resources. Explain why they are 
called ‘non-renewable’.  

d. Explain why firewood is often called a renewable fuel 

e. Give one advantage of using firewood rather than fossil fuel as an energy resource. 

f. Give one advantage of using fossil fuel rather than firewood as an energy resource. 

g. Give one disadvantage of using both fossil fuel and firewood. 

 
 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be 
provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

The sun shines in Qatar almost every day of the year but very few houses have solar energy 
panels for generating electricity or heating water. Suggest two reasons for this. 
 

  

 

 

Unit 9M.3 
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