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INTRODUCTION

W
elcome to The Energy Challenge course. Electricity plays a major 

role and in our daily lives; it is quite simply indispensable. For 

instance, a power failure can completely upend our daily routine 

and a run-down cell phone battery means that we are cut off from others. 

In this course, you will learn about the basic concepts of electricity and 

magnetism.

What is electricity? How is it produced? What happens when we plug in an appliance or when we 

use a battery to power our laptop? Electricity is the result of a transformation of energy. This course 

focuses on the transfer, transformation and use of energy. Our society relies on hydroelectricity as its 

main energy source. What are the physical phenomena that underlie the operation of a hydroelectric 

generating plant? Are there other ways to produce electricity? How do the various technologies 

designed to harness this resource affect our environment? It is often said that the cheapest and 

cleanest energy is the one that we save. Are we aware, as individuals and as a society, of the economic 

and environmental consequences of our daily energy consumption habits?

In this course, you will study issues and technological applications that centre on a common theme: the 

energy challenge. Beyond the simple acquisition of knowledge, however, you will also develop three 

subject-specific competencies (C).

C3

Communicates in 
the languages used 
in science and 
technology

C1

Seeks answers 
or solutions to 
scientific or 
technological 
problems

C2

Makes the most 
of his/her 
knowledge of 
science and 
technology 

Introduction
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You will develop these competencies by carrying out tasks that are part of complex learning situations. 

Here are some examples. For C1, you will design a doorbell and an alarm system. For C2, you will 

assemble and analyze electrical circuits. For each of these two competencies, you will apply C3, by 

explaining your results and justifying your choices. For example, you will give your opinion on the 

hydroelectric system used in Québec, by taking into account the environmental impact of this type of 

energy production. These competencies will also be developed in the evaluation activities (three scored 

activities and one self-evaluation activity) designed to help you assess your progress in the course.

Areas of Knowledge

The knolwedge you will acquire in this course can be divided into three main areas: Earth and Space, 

the Technological World and the Material World. Earth and Space focuses on the various technological 

methods used by humans to produce electricity from the energy sources found in the lithosphere, 

the hydrosphere and the atmosphere, and the effects of these methods on the environment and 

human health. Solar energy and tidal energy are also examined as sources of electrical energy. The 

Technological World focuses on basic concepts relating to the design and analysis of electrical circuits, 

as well as the symbols used to represent circuit components and connections. Lastly, the Material 

World focuses on the organization of matter and the periodic table, the electrical and magnetic 

properties of matter, and the energy transformations that occur within a system. The table on the 

next page presents the concepts to be acquired in the seven learning sequences of the guide and the 

corresponding areas of knowledge.
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EssEntial knowlEdgE and thE arEas of knowlEdgE

LEARNING SEQUENCE ESSENTIAL KNOWLEDGE
EARTH AND 

SPACE

THE 
TECHNO-
LOGICAL 
WORLD

THE 
MATERIAL 

WORLD

1  

My Energy Needs and  

Energy Sources

Energy resources

Transformation of energy

√

√

2  

Electrostatics

Rutherford atomic model

Subatomic particles

Electrical field

Coulomb's law

Electrical charge

Standards and representations √

√

√

√

√

√

3  

Electrokinetics

Electrical circuits

Ohm's law

Electrical field

Minerals

Conduction, insulation, protection

Controls

Standards and representations

√

√

√

√

√

√

√

4  

Electrical Circuits

Electrical circuits

Ohm's law

Kirchhoff's laws

Standards and representations √

√

√

√

5  

Magnetism and 

Electromagnetism

Forces of attraction and repulsion

Magnetic field (of a live wire)

Electromagnetic induction

Magnetic field of a solenoid

Standards and representations √

√

√

√

√

6  

Sources and Uses of 

Electrical Energy

Relationship between power and 

electrical energy

Energy resources

Solar energy flow

Earth-Moon system

Transformation of energy

Standards and representations

√

√

√

√

√

√

7  

Hydroelectricity

Energy resources

Transformation of energy

√

√
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Organization and Use of the Guide 

This learning guide is organized according to the main characteristics of individualized learning and 

the principles of learning through concrete and realistic situations. It can be used by both distance 

education students and students in the classroom. 

This approach is designed to:

• make you as active a participant as possible,

• make you responsible for your own learning,

• accommodate your personal work pace,

• allow you to make the most of your experience and knowledge.

As you work through the course, you will be able to recognize your successes and failures, determine 

the reasons for them and identify what you can do to continue learning. Whether you are taking this 

course at an education centre or as part of distance education, your instructor or tutor will be available 

throughout the course to support you and answer any questions you may have. If you find a particular 

topic especially difficult, don’t hesitate to ask him or her for help. Your instructor or tutor will be glad 

to provide you with invaluable advice, guidance and tips that will help you succeed in this course.

The learning sequences (LS) 

In all, there are seven learning sequences (LS) which will help you acquire new knowledge and apply 

it competently. Each LS is organized in the same way: an introduction sets out the topic of the learning 

sequence, followed by an exploration activity which will allow you to test your knowledge of concepts 

that will be useful in carrying out the LS and by a series of four types of activities:

 

Knowledge acquisition activity 

de     

 Experimental activity

 Discovery-based activity

 Expertise-based activity
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The knowledge acquisition activity focuses on the discovery of new knowledge, whereas the focus of 

the other three activities is to help you develop your competencies by working on more complex tasks. 

In the experimental activity and the discovery-based activities you will carry out a task intended to 

help you develop primarily competency C1. The task you will carry out in the expertise-based activity 

will help you develop primarily competency C2. Competency C3 will be developed in all of the above 

activities. 

Throughout the activities, you will be asked to answer questions that will aid in new knowledge 

acquisition and competency development. While at first you may not be able to answer all of 

these questions, you should nonetheless try to find satisfactory answers. The answers and related 

explanations are given immediately after. It is important that you try to understand all of the new 

concepts that are explained to you. 

At the end of each LS is a series of integration exercises dealing with all of the concepts studied in the 

sequence as well as a summary of new knowledge, which will help you test your understanding of the 

subject matter.

Self-evaluation 

Like the certification examination (i.e., the final exam), the self-evaluation activity consists of two 

sections to help you better prepare for the exam. Before you do this activity, take the time to read 

the list of new knowledge found at the end of each learning sequence, then refer to the table of new 

knowledge by sequence on page 9 of this introduction. Complete the self-evaluation activity without 

referring to the learning guide or the answer key. Then, complete the self-evaluation chart in order to 

assess what you have learned, and compare your answers with those in the answer key.  If you feel you 

need to review parts of the course, follow the indications on the concepts to be reviewed that are given 

in the self-evaluation chart. 

Answer Key

The Answer Key for the exercises in the guide is found after the self-evaluation activity and the 

conclusion. Refer to it after each set of exercises to make sure you have fully understood all of the 

concepts, before continuing the activity or going on to the next learning sequence. The answer key also 

includes the answers to the questions in the self-evaluation activity.

Glossary

The glossary at the end of the guide gives the definitions of the terms with dotted underlining that are 

found in the learning sequences. These terms are listed in alphabetical order. Don’t hesitate to refer to 

the glossary to help you better understand the terms you encounter in the guide.

Appendices

The appendices contain useful information and review prerequisite knowledge. 
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Scored Activities

The Energy Challenge guide is accompanied by three scored activities in separate booklets, one 

of which consists of an experimental activity. You will have to complete a scored activity after LS 3, 

LS 4 and LS 7. A reminder to this effect is included at the end of each of these learning sequences. 

The scored activities serve as an aid to learning; in addition to explicitly evaluating knowledge 

acquisition, each one includes a complex and meaningful learning situation designed to assess your 

ability to deal with these situations. You will also have to complete a chart in order to review the 

competencies you developed throughout the course. You will give this feedback at the end of each 

scored activity so that your instructor or tutor can assess your progress.

The scored activities are an integral part of the learning sequences and are not optional; you are 

required to do them whether you are a distance education student or attend an adult education centre. 

They will be corrected by your tutor if you are a distance education student or by your instructor if you 

attend an education centre. Send them to him or her once you have completed them.

You can purchase the booklets at a low cost or you can download them from the following address, 

under "Diversified Basic Education": http://cours1.sofad.qc.ca/ressources.

Evaluation for Certification Purposes

In order to earn the 2 credits for this course, you must obtain a mark of at least 60% on the final 

examination that will be held in an adult education centre. To be able to write this examination, you 

should have an average of at least 60% on the scored activities that accompany this guide.

The final examination for The Energy Challenge course has two sections, one practical and the other 

theoretical. These two sections are administered in two different sessions of 120 minutes each.

The practical part is based on a realistic application situation and consists of tasks to be carried out in 

the laboratory. The theoretical part consists of the following two sections.

The "Explicit Evaluation of Knowledge" section consists of short-answer and essay-type questions related 

to the definition and explanation of concepts and techniques.

The "Evaluation of Competencies" section consists of tasks to be carried out based on realistic situations 

related to the development of energy resources and electricity consumption, while taking into account 

their environmental impact. 
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Additional Materials

Have all of the following materials handy.

• A calculator, a lead pencil to write your answers and notes in your guide, a coloured pen  to correct 

your answers, a highlighter to underline key ideas, an eraser, etc.

• The experimental activity booklet containing the materials and products you will need to carry out 

the experimental activities. You will have to complete this kit by adding certain items to it.

Additional Information Regarding Distance Education

Here are some tips on how to organize your time. This course involves approximately 50 hours of work.

• Draw up a study schedule, taking into account your availability and needs, as well as your family, 

work and other obligations.

• Try to devote a few hours a week to your studies, preferably setting aside two hours at a time.

• Stick to your schedule as much as possible. This will help you complete the course successfully.

Your tutor will help you throughout this course: he or she will be available to answer any questions 

you may have, and will correct your scored activities. If his or her availability and contact information 

were not provided with this learning guide, ask for them at the education centre where you registered 

for this course. Do not hesitate to consult your tutor if you are having difficulty with the theory or the 

exercises, or if you simply need encouragment to continue your studies. Make a note of any questions 

in writing and contact your tutor during his or her available time by telephone and, if necessary, in 

writing. 

Your tutor will guide you throughout the learning process and provide you with advice, constructive 

criticism and feedback that will help you succeed in your studies.
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Overview of a Learning Sequence

4 Electrical Circuits

n Learning Sequence 3, "Electrokinetics," you saw how an electrical charge 

travels through a conductor. You also learned how Ohm's law establishes 

a relationship among the different variables of a circuit: V RI. In this 

with different types of electrical circuits. You will analyze circuits composed of 

sequence, which comprises five learning activities, you will become familiar

components connected in series and in parallel.

4.1 Series Circuits

Goal  To determine the characteristics of a circuit composed of components connected in series

4.2 Analysis of a Series Circuit

Goals  To analyze a series circuit
 To verify the relationships between the variables V, R and I in a series circuit

Your 

task

 You will use a multimeter to measure the variables V, R and I of a circuit composed of 
components connected in series. Using these measurements, you will infer the characteristics of 
a series circuit.

4.3 Parallel Circuits

Goal  To determine the characteristics of a circuit composed of components connected in parallel

4.4 Analysis of a Parallel Circuit

Goals  To analyze a parallel circuit
 To verify the relationships between the variables V, R and I in a parallel circuit

Your 

task

 You will use a multimeter to measure the variables V, R and I of a circuit composed of 
components connected in parallel. Using these measurements, you will infer the characteristics 
of a parallel circuit.

4.5 My Game Console

Goals  To design a game console
 To make the game console

Your 

task

 You will design your game console and the electrical circuits in it, assemble these circuits and 
make sure they are operational.

© Just2shutter/Shutterstock.com

I
The topic of the LS

The list of activities with 
the specific goal(s) of 

each one as well as the 
task related to the 

experimental activity, 
the research activity 

and the expertise-based 
activity.

A presentation of 
important 

information 
regarding the topic 

of the LS

The guide includes 
7 learning 

sequences (LS). 
This is the number 

of the LS.

The answers to the 
numbered questions are 
found in the answer key 
at the end of the guide.

The exploration 
activity tests certain 

concepts that are 
useful for carrying out 

the LS.

Exploration Activity

The following questions will enable you to test your knowledge of concepts that will be useful in this 

learning sequence.

What is the potential difference across the terminals of an AA cell?  

What is the difference between direct current and alternating current?

4  .1 

4  .2 



15© SOFAD

INTRODUCTION

Activity 4.4 Analysis of a Parallel Circuit

Goals • To analyze a parallel circuit

• To verify the relationships among the variables V, R and I in a parallel circuit

In Activity 4.3 you analyzed a circuit composed of components connected in parallel. Now, you will 

have an opportunity to verify the results of this analysis experimentally by using a multimeter to 

measure the three basic variables of an electrical circuit: voltage, current intensity and resistance. 

Your 
task

You will use a multimeter to measure the variables V, R and I of circuit components connected in 

parallel. Using these measurements, you will deduce the characteristics of a parallel circuit.

Do the experiment

Refer to the experimental activity booklet that comes with this guide.

The task to be carried 
out in the activity is 

described.

The goal(s) to be 
attained in the 

activity

Terms and 
expressions with 

dotted underlining 
are defined in the 

glossary at the end 
of the guide.

The type of activity is 
identified by the 

darkened section in 
the circle.

Integration exercises 
are included after the 
last activity in the LS, 

and deal with the 
subject matter 

covered in the LS.

Integration Exercises

Apply Kirchhoff's two laws to the following circuit. 

a) Current law:

b) Voltage law:

a) Explain why the more light bulbs you connect in series, the less brightly they shine.

b) 

4  .39 R1
e2

e1

R4

R2

R3

4  .40 

The LS concludes with 
a summary and review 

of new knowledge 
acquired.

Summary of Knowledge Acquired

The components of an electrical circuit can be connected in series or in parallel.

Series circuits 

In a circuit composed of components connected in 

series, the sum of the current intensities is the same at 

all points in the circuit since it is the same current that 

powers all of the components.

The sum of the potential losses across the components 

is equal to the potential gain across the terminals of the 

source.

The circuit's equivalent resistance is equal to the sum of the equivalent resistances.

I The same at all points

V e = V
1

+ V
2

R R
eq

= R
1

+ R
2

Note: In this course, we do not take the power source's internal resistance into account.

I

I

I

e

R1 R2

V1 V2

A series circuit
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Features of a Learning Sequence

By combining these two proportional relationships, we get: I µ V

R
. By using the appropriate units, this 

proportional relationhsip becomes the equation: 

I
V

R

where I is the current intensity in amperes (A), 

     V is the voltage in volts (V) 

and     R is the resistance in ohms (W).

This equation, better known as V RI, applies only to metal 

conductors with a constant resistance, that is, one that does not vary 

with the voltage. Such a resistance is said to be ohmic.

In a circuit, it is symbolized by .

R

V

V = RI

I

V

A

Figure 3.19 A simple circuit that includes an 

element with ohmic resistance

The numbered 
figures provide 

important 
information; pay 

close attention to 
them.

The gray boxes 
contain concepts and 

information that are 
important to 

remember.

These sections 
provide additional 

information, which is 
not, strictly speaking, 

part of the course 
material. None of the 
questions on the final 
examination will deal 
with the information 

found in them.

Printed circuits 

Increasingly complex and miniaturized circuits 

use conducting wires to connect components. This 

have made it more difficult and cumbersome to

situation was remedied in electronics by replacing 

wires with thin metal pathways printed directly on 

plastic plates designed to support the circuits. The 

connections between components are therefore much 

much more easily when repairs are needed. Such 

compact assemblies are known as “printed circuits.” 

You can see them by opening up a telephone, a 

television set or a computer. Printed circuits are 

made up of resistors, chips and various components 

connected by means of metal pathways.

The advantage of the printed circuit: A printed circuit 

board is far more practical than a complex jumble of wires. 

A picture of a printed circuit was presented in the previous 

learning sequence.

Did you 
know ?

The exclamation mark 
beside a paragraph 
indicates important 

content.

Hydro-Québec exports large amounts of electrical energy to New England, in the northeastern United States. 

In order to synchronize the Québec and American power grids, a 450-kV direct-current line connects the 

James Bay Radisson substation with the converter station at Sandy Pond near Boston, Massachusetts.

Boxes with a light bulb 

contain tips to make 

your work easier.

Below are some good Internet sources you can consult for this assignment.

• Hydro-Québec: www.hydroquebec.com

• Ministère des Ressources naturelles et de la Faune du Québec: www.mrnf.gouv.qc.ca

• Environment Canada: www.ec.gc.ca 

Tip
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 Boxes with a pushpin 
contain reminders of 
concepts covered in 

previous courses.

    rednimeR

The slope of a line 

The function y f(x) is represented graphically 

by a straight line if, for any change in the value of 

x (Dx), there is an equal change in the value of 

y (Dy). The slope (m) of this line, or its degree of 

inclination, is described by the ratio y xD D .

For example, the function y x is represented by 

the graph opposite.

y  = 4

x

x  = 2

y  = 2

x  = 1
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D 2 4
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1 2

y
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x
= = = =

D
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This section indicates 

that you must 

complete a scored 

activity and submit it 

for correction. 

You must now do Scored Activity 1.

When you finish, hand it in to your instructor, or send it to your tutor in keeping with the 
arrangements made when you enrolled.

Note:  If you do not have the scored activities, you can download them from:  
 http://cours1.sofad.qc.ca/ressources, under “Diversified Basic Education.”
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My Energy Needs and 
Energy Sources

R
egardless of what it is we do, we need 

energy, if only to maintain an acceptable 

quality of life. We use energy to feed 

ourselves, to keep warm in the winter, to power 

our lights, to communicate and to get from place 

to place. Meeting all of these needs requires a 

minimum amount of energy. If we add to this the 

energy that goes into making our recreational 

activities possible, then our energy needs can be 

considerable. This learning sequence consists of 

three activities that will help you take stock of 

your energy needs and energy sources.

1.1 My Energy Needs

Goals  To determine the energy needs of a person living in Québec
 To make a list of the appliances and devices used to meet these needs

1.2 My Energy Sources 

Goal  To identify the energy sources used in various activity sectors in Québec

1.3 My Energy Habits

Goal  To inform a pen pal about the various sources of the energy you use

Your  

task

 You will: 
 a) make a list of the appliances, devices and services that require an energy source and that you 

use on a regular basis; b) identify the advantages, drawbacks and environmental impact of these 
appliances, devices and services; and c) write a text.

© Lee Prince / Shutterstock.com
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Exploration Activity

The following questions will enable you to test your knowledge of concepts that will be useful in this 

learning sequence.

What is the most commonly used form of energy in Québec homes?

What sector of activity in Québec consumes the most petroleum products?

Describe how energy is transformed in an electric light bulb.

What type of power plant produces most of the electricity consumed in Québec?

Name one clean energy source that is undergoing rapid growth in Québec.

1.1 

1.2 

1.3 

1.4 

1.5 
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Activity 1.1 My Energy Needs

Goals • To determine the energy needs of a person living in Québec
• To make a list of the appliances and devices used to meet these needs

In order to survive, many animals have developed different ways of gathering food, hunting prey and 

fleeing from predators depending on their position in the food chain. They dig burrows or build shelters 

to protect themselves from bad weather and predators.

Humans have created an artificial environment for themselves and must maintain it to ensure their 

survival. The needs of a person living in Québec today can be grouped into five categories: food, 

heating, lighting, communication and transportation. These needs require a lot of energy, particularly 

electrical energy.

Below is a table that shows the amount of electricity typically consumed in Québec homes. We will be 

referring to this information throughout this activity.

tablE 1.1 – brEakdown of typical rEsidEntial

ElEctricity consumption in QuébEc in 2010

USE PERCENTAGE (%)

Heating 54

Water heater 20

Electrical appliances 18

Lighting 5

Other 3

 Source: Hydro-Québec

Food

In the past, most people lived on small family farms and were practically self-sufficient where food was 

concerned. Today, city dwellers must rely on specialists (crop producers, livestock farmers, etc.) to 

meet their need for food. However, even livestock farmers and crop producers, who often specialize in 

a single type of livestock or crop, depend on others to supplement their food sources.
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Often, food must travel considerable distances to reach us. This is especially true of imported products. 

Just think of the fruit that comes from the United States, Mexico and South America, particularly in 

winter. This type of transportation in refrigerated trucks requires an enormous amount of energy.

Heating

In our corner of the world, where the thermometer sometimes dips to −30°C and lower, keeping warm 

is a matter of survival. It's not surprising, then, that heating is the largest energy expense in Québec, 

accounting for roughly 54% of households' demand for electricity. This is a lot of energy, especially 

since water heating is the second largest energy user in today's households and accounts for about 

20% of the total energy bill. Improved home insulation and 

more efficient heating appliances have played a significant 

role in stabilizing the growing demand for energy despite the 

increase in the number of households.

The high electricity demand for home heating partly explains 

why average per capita electricity consumption in Québec is 

so high. Another reason for this high consumption is the fact 

that a large portion of Québec's industry is based on very 

energy intensive sectors such as paper manufacturing and 

aluminum smelting. The graph opposite shows the average 

per capita electricity consumption in Québec compared with 

that of selected countries. Note that the so-called "northern" 

countries consume more energy.

Lighting

Up until 1879, candles, torches and oil lamps were the only sources of artificial light. Today, flicking 

a switch is so natural that we tend to take electricity for granted, and yet the resulting light meets a 

need that is all the more essential in a region where it gets dark by four o'clock in the afternoon in 

winter. Indeed, without artificial lighting to extend the day, we would not be able to carry on industrial, 

commercial, sports, institutional and other activities after dusk. Surprisingly, even though electric 

lighting is widely used in residential buildings, the energy consumption it represents is low, accounting 

for only 5% of a household's electric bill.

Name three fields or activities in which artificial lighting is essential.

graph 1.1 – avEragE pEr capita consumption of 
ElEctricity, QuébEc and sElEctEd countriEs, 2009
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1.6 
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Communication

We live in an era of instantaneous communications and social media. Imagine life without computers 

or smart phones that enable you to stay connected to others. Here too, even though none of these 

electronic devices consumes huge amounts of electricity inidividually, they have become so common 

that, taken together, they account for a sizable amount of energy consumption.

Name two other electronic devices that allow you to communicate with others.

Transportation

If you travel on foot or by bike, you are using your own physical energy; however, all other means of 

transportation require energy for which you must pay, in one way or another. For public transit (buses 

and metro), you pay the cost of the ticket; for a taxi, you pay the fare; and lastly, if you drive your 

own car, you pay for the gas, diesel fuel or electricity, in addition to paying for the actual vehicle and 

maintenance.

Name three other means of transportation you can use that involve expenses.

1.7 

1.8 
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My appliances

We can define technology as all of the methods used to convert one form of energy into another that 

can be used for a given purpose. 

Energy is the capacity to do work and it exists in a number of forms. Listed below are a few forms of 

energy that will be discussed in this learning sequence. 

• Electrical energy is the energy in an electrical current.

• Kinetic energy is the energy in a moving object.

• Thermal energy, or heat, is the energy produced by vibrating molecules.

• Chemical energy is energy stored in the bonds of atoms and molecules; batteries and different types 

of fuel are examples of stored chemical energy.

• Radiant energy is energy that is carried by radiation, and includes visible light.

The concept of energy will be further developed in Activity 6.1, "Work, Energy and Energy Efficiency." 

A number of appliances and systems have been developed to meet each of the needs presented earlier. 

A few of them are discussed below, and their descriptions focus on energy transformations. In each 

case, an energy chain summarizes these transformations.

Food in the refrigerator 

The long distances food must travel in order to reach us and the need to then preserve it for several 

days in our homes have made refrigerators practically indispensable.

A refrigerator's cooling capacity is based on the principle that a liquid absorbs heat when it vapourizes. 

In 2009, road transportation alone accounted for 

close to 86% of the total energy used by Québec's 

transportation sector. The diagram opposite shows 

energy consumption by mode of transport.

 

brEakdown of EnErgy consumption by modE of 
transport in 2009

Road

Pipeline

Air

Maritime

Rail

85.8%

0.9%

6.2%

5.0%

2.1%

Sources: MRNF Québec and Statistics Canada

Did you 
know ?
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For example, if we pour a little rubbing alcohol on our skin, it will feel cold as it evaporates and absorbs 

the heat from the surface of our skin. 

A special coolant called a refrigerant functions in a refrigerator 

the way alcohol works on our skin, except that in a refrigerator, 

the coolant is trapped inside a closed circuit. The compressor 

constricts the refrigerant vapour, raising its pressure and 

pushing it into the condenser coils. When the hot gas meets 

the cooler air temperature of the kitchen, it becomes a liquid. 

Now in liquid form at high pressure, the refrigerant cools down 

as it flows into the coils inside the refrigerator. The refrigerant 

absorbs the heat inside the unit, cooling down the air. Last, 

the refrigerant evaporates to a gas and flows back to the 

compressor, where the cycle starts all over again.

The compressor's motor transforms electrical energy into 

kinetic energy (the energy of motion). The energy chain is as 

follows:

Electrical energy ® Kinetic energy

The light bulb that lights up the inside of the refrigerator converts electrical energy into light and heat. 

The energy chain is as follows:

Electrical energy ® Light energy + Thermal energy

Write the energy chain for a microwave oven.

Keeping warm with electric heating

An electric baseboard heater is powered by a 120-V or 

240-V electrical source and is connected to a thermostat. The 

electrical current heats a conductor that in turn heats the metal 

fins or elements. In this way, electrical energy is converted into 

thermal energy. This concept will be discussed in more detail in 

Activity 6.2, "Power and Energy Consumption."

The energy chain is as follows:

Electrical energy ® Thermal energy

Compressor

Condenser 

(outside)

Expansion 

valve Evaporator

Figure 1.1 Components of a refrigerator

1.9 

Metal fins

Warm air outlet

Metal conductor

Figure 1.2 Components of an electric baseboard heater
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Write the energy chain for a heating system that runs on fuel oil or natural gas.

Lighting and the electric light bulb 

The incandescent light bulb soon became indispensable after it was invented by Thomas Alva Edison 

in 1879. Other types of light bulbs have been developed since: fluorescent tubes, halogen headlights, 

compact fluorescent bulbs, light-emitting diode (LED) lamps, etc.

Regardless of the type of bulb, it serves to convert electrical energy 

into useful light energy and heat. The energy chain for a light bulb is as 

follows:

Electrical energy ® Light energy + Thermal energy

Let us now look at how a compact fluorescent bulb (CFL) works. A 

compact fluorescent bulb is a fluorescent light bulb that has been 

compressed into the size of a standard-issue incandescent light bulb. 

The fluorescent tube contains mercury vapour. When an electrical 

current is driven through the tube, the mercury atoms emit invisible 

ultraviolet (UV) light that excites a fluorescent coating on the inside 

of the tube. In turn, this coating absorbs the UV light and emits 

visible light.

Only about 40% of the energy supplied to an incandescent light bulb 

is converted into light; the remainder is dissipated as heat. Other types of bulbs convert most of the 

electrical energy supplied to them into light and therefore generate a lot less heat. The most efficient 

ones are LED bulbs.

Write the energy chain for a propane lamp.

Communicating via smart phones

A smartphone is a multifunction device that can be used as a computer, a camera and a telephone. Its 

operation depends on several energy transformations. Here is how it works when you receive or make a 

call.

1.10 

Fluorescent tube

Electronic ballast

Casing

Base

Figure 1.3 Components of a compact fluorescent 

bulb

1.11 
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In receive mode:

The chemical energy in the battery is converted into electrical energy as needed. The electrical energy 

is then converted into light energy (the screen) and sound energy (as needed), which is a form of 

kinetic energy associated with the movement of molecules in the air. The energy chain is as follows:

Chemical energy ® Electrical energy ® Light energy (radiant energy) + Sound energy

In transmission mode: 

Let's take the example of videoconferencing, which involves all of the functions of the telephone. 

Sound and light enter the device, where they are converted into an electrical current. The energy chain 

is as follows:

Sound energy + Light energy ® Electrical energy

In receive and transmission mode: 

When the device is running, the battery powers the electronic circuit, which in turn activates the 

screen. Here is the energy chain:

Chemical energy ® Electrical energy ® Light energy + Sound energy

Camera

Microphone

Earphones

Loudspeakers

Touchscreen

Operating 

system

Processor

Battery

Internal 

memory

Transmitter / 

receiver

Wi-Fi 

network

Cellular 

network

Figure 1.4 Components of a smartphone

Write the energy chain for a computer tablet in receive mode.1.12 
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Getting around in electric cars

Thanks to increasingly efficient and lightweight batteries, the automobile industry is able to offer 

consumers electric vehicles (EV) that are increasingly better performing and less polluting.

A network of charging stations is being set up where EV drivers will be able to stock up on electrical 

energy just as they would fill up on gasoline for a traditional car. For a car that runs entirely on 

electricity, the chemical energy stored in the battery is converted into electrical energy as needed. 

Electrical energy is converted into kinetic energy (engine's rotation), and the engine's kinetic energy is 

then transmitted to the wheels by the transmission system. Part of the electrical energy is converted 

into: 

• sound energy, by the sound system;

• light energy, by the lighting system;

• thermal energy, by the car heater and the braking system.

Here is the corresponding energy chain:

 Chemical energy ® Electrical energy 

 ® Kinetic energy + Sound energy + Light energy + Thermal energy

Write the energy chain for a traditional gasoline-powered car.

 

 

Charging plug

Batteries
Computer

Traction 

motor

Figure 1.5 Components of an electric car

1.13 
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Exercises for Activity 1.1

List the five energy needs mentioned in this activity in decreasing order of priority (from the most 

important to the least important), according to your own personal assessment.

Which of the five needs discussed in this activity requires the most energy?

What technology allows us to transport perishable food items from as far away as Chile?

Give two reasons why average per capita electricity consumption in Québec is so high.

Which of the five needs discussed in this activity requires the least amount of energy?

What mode of transportation consumes the most energy in Québec?

What are the energy transformations that occur in an incandescent light bulb?

Why does a compact fluorescent bulb consume less energy than an incandescent light bulb?

What energy transformations occur in a cell phone that is in receive mode?

Write the energy chain for an electric metro train.

1.14 

1.15 

1.16 

1.17 

1.18 

1.19 

1.20 

1.21 

1.22 

1.23 
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Activity 1.2 My Energy Sources

Goal • To identify the energy sources used in various activity sectors in Québec

Now that you have identified your energy needs, let's look at the energy consumption of Quebecers as a 

whole and where this energy comes from.

Energy consumption in Québec 

In 2009, Québec's total energy consumption was 39 million 

tonnes of oil equivalent (toe). The toe is commonly used in 

statistics on energy consumption and production. A tonne 

of oil equivalent is equal to 4.3 ´ 1010 joules. The joule (J), 

which is the unit for energy, will be discussed in detail in 

Learning Sequence 6, "Sources and Uses of Electrical Energy." 

For example, a person's food energy needs over a one-year 

period are of the order of 0.1 toe.

The graph opposite shows the change in total energy 

consumption in Québec from 1984 to 2009.

This energy comes from the following sources.

tablE 1.2 – sourcEs of thE EnErgy consumEd in QuébEc in 2009

SOURCE OF ENERGY CONSUMPTION PERCENTAGE (%)

Electricity 182.6 terawatthours1 40

Petroleum products 17.4 billion litres 39

Natural gas 5.3 billion cubic metres 13

Biomass2 2.9 million toe 7

Coal 550 kilotonnes 1

Sources: Ministère des Ressources naturelles et de la Faune du Québec and Statistics Canada

1. The kilowatthour (kWh) is a unit of electricial energy. One terawatthour (TWh) is equal to 109 kWh.

2. Biomass refers mainly to the use of wood as fuel. The residential sector consumes 35% of the biomass-derived energy and the 

industrial sector (pulp and paper, wood processing and sawmills), 65%.

graph 1.2 – total EnErgy consumption 
in QuébEc from 1984 to 2009
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Consumption by activity sector

The following table gives the breakdown of Québec's total energy consumption in 2009, i.e., 39 million 

toe.

tablE 1.3 – brEakdown of EnErgy consumEd in   
QuébEc by activity sEctor in 2009

SECTOR PERCENTAGE (%) SECTOR PERCENTAGE (%)

Industrial 33 Residential 19

Transportation 29 Commercial 19

Sources: Ministère des Ressources naturelles et de la Faune du Québec and Statistics Canada, 2009

Running on ethanol 

Gas engines can use 10% ethanol (ethyl alcohol) 

blended fuels with no modifications. Alcohol is made 

from fruit, grains (including corn) or grasses through 

a process of fermentation followed by distillation. 

In an effort to reduce their dependence on oil, 

several countries are using corn to produce 

ethanol. In 2010, for example, Brazil earmarked 

35% of its corn crop for ethanol production, 

with the remainder being fed to livestock. This 

percentage was 40% for the United States. 

By comparison, Québec devoted only 10% of its corn crop to ethanol, which is produced in a single 

processing plant located in Varennes, on Montréal's south shore.

The use of cereal grains for fuel production poses an ethical problem. A number of people maintain that 

cereal grains should be used to feed people, not cars. This is even more true given that intensive corn 

production, a monoculture, requires large amounts of fertilizers and pesticides and results in soil erosion. 

Québec will focus on cellulosic ethanol, which involves producing ethanol from forest waste and pulp 

and paper residues. This process is more complex and more costly since enzymes are used to extract 

sugars from wood cellulose prior to fermentation. Pilot projects to produce cellulosic ethanol are 

already under way and this technology looks promising.

© Vaclav Volrab / Shutterstock.com

A corn field

Did you 
know ?
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 The graph opposite shows the change in these values since 

1984. 

If we look at the curves in this graph, we see that energy 

consumption in the industrial sector grew until 2003. From 

2003 to 2009, the effects of the recession resulted in a 20% 

drop in consumption. In the transportation sector, energy 

consumption grew steadily, with the lion's share being gobbled 

up by road transportation. The residential and commercial 

sectors saw moderate increases, which can be explained 

by improved energy efficiency, particularly with respect to 

insulation and heating systems, despite the rise in the number 

of businesses and residential units.

Propose ways to reduce your energy consumption in the areas of transportation and heating.

a) Transportation:  

b) Heating:  

 Where energy comes from 

Electricity

Electricity is the crown jewel of Québec's energy sources, 

and most of it is produced by our hydroelectric power plants. 

We will come back to this topic in Learning Sequence 7, 

"Hydroelectricity." 

Oil 

Québec imports all of the oil it consumes, which accounts for 

39% of our overall energy consumption. In 2010, oil from Africa 

(Algeria, Angola and Nigeria) accounted for 39.2% of the total 

amount of oil imported. The other major supply sources were 

the North Sea (the United Kingdom and Norway, 20.3%) and 

Eastern Canada (Newfoundland, 11.9%).

graph 1.3 – EnErgy consumption by activity 
sEctor from 1984 to 2009
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graph 1.4 – brEakdown of QuébEc's crudE oil 
suppliEs by country in 2010
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Natural gas

Unlike oil, natural gas is easily transported by underground pipelines since the costs of maritime 

transportation are very high. Fortunately, in 2012 Canada held 1% of the world reserve of natural 

gas, which is sufficient to meet the country's demand for the next 80 years. Almost all of the natural 

gas consumed in Québec comes from Western Canada. The gas is harvested at source, compressed in 

natural gas pipelines, and transported across Canada at a speed of about 40 km/h, arriving in Québec 

four days later. 

Coal

There are no coal-combustion plants in Québec. Coal is little used here, given the vast hydroelectric 

resources available in this province. The little coal that is used by Québec's industrial plants is 

therefore imported for the most part from the western provinces (British Columbia, Alberta and 

Saskatchewan), which are the main producers in Canada. More than half of the coal supply is used to 

produce electricity and to meet various industrial needs, notably in the steel and cement industries, 

and the remainder is exported to foreign markets.

Readily available and relatively inexpensive coal resources mean that coal is the main fuel used by 

thermal power plants to produce electricity in the various Canadian provinces. This corresponds to 

some 74% of Alberta's demand for electricity, 63% of Saskatchewan's, 60% of Nova Scotia's and 18% of 

Ontario's. Coal consumption may eventually decline owing to measures intended to reduce greenhouse 

gas emissions, notably through the closing or modernization of coal-powered plants.

Nuclear energy

Besides certain medical and military applications, nuclear energy is used mainly in electricity 

production. As we will see in Learning Sequence 6, fission of the uranium or plutonium nucleus in a 

nuclear plant releases the heat required to produce vapour. The vapour activates a turbine that drives 

an generator that produces electricity.

A number of industrialized countries use nuclear energy to meet their electrical energy needs. In 

Québec, where approximately 97% of the electricity comes from hydroelectric power stations, the only 

nuclear generating station, Gentilly-2, which was built in the 1970s, has ceased operations.

Biomass

There are three distinct biomass sources: forest residues, agricultural crops and biodegradable waste. 

In Québec, biomass refers mainly to the use of wood as a fuel since it is considered that the primary 

purpose of agricultural land is to feed people. The amount of energy produced from biodegradable 

waste (manure, slaughterhouse waste, emissions from landfill facilities, etc.) was still minimal at the 

time this guide was being written.
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Québec has massive areas of forest land, a resource which has the advantage of being renewable. 

However, forest biomass is not well-regarded from an enviromental viewpoint. Although improper 

combustion generates large amounts of atmospheric pollutants, effective technologies now exist that 

greatly decrease such emissions. Examples of such technologies are pellet stoves and fireplaces and  

energy-efficient industrial boilers. The forest industry is a major economic force in Québec; however, 

the demand for Québec timber has declined since the beginning of the 2000s and Québec is facing 

increasing foreign competition (notably from Russia and China) on lumber markets. Thus, Québec 

will no doubt consider the use of forest residues as an energy source, as have other countries such 

as Norway which, while having vast hydroelectric resources like Québec, is diversifying its energy 

portfolio.

The evolution of energy

The technology that was developed in order to harness the various energy sources that we use today 

is the fruit of thousands of years of evolution. Half a million years ago, our ancestor Homo erectus 

succeeded in taming fire. That was the first controlled energy source. Our human ancestors were 

nomadic hunter-gatherers. 

Then, in the Near and Middle East more than 9000 years ago, settlements became more sedentary, 

as people realized that cultivating crops was more effective than foraging for food and that raising 

livestock was more efficient than hunting animals. Our ancestors' tools were made of wood and stone. 

Roughly 5000 years later, they learned to use bronze (a copper and tin alloy) to make tools and began 

to forge iron, a harder and more resistant metal than bronze. In the meantime, the wheel and the sail 

had been discovered. Antiquity saw the advent of machines (winches, pulleys, etc.). In the Middle 

Ages, windmills and water wheels were being used throughout Europe. Until the 17th century, humans, 

draught animals, wind and water were the only sources of motor energy. Then came the Industrial 

Revolution, which began in Great Britain with the invention of the coal-powered steam engine. Mass 

produced goods replaced handmade goods and steamships replaced sailing ships.

In the 19th century, the invention of the internal-combustion engine, powered by gasoline or diesel 

fuel, ushered in an era in which oil was the main source of energy. Likewise, the invention of the 

electric engine and the electricity generator provided a practical and effective form of energy for the 

manufacturing and residential sectors.

Today, electricity and oil are the two most common energy sources in Québec.
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Exercises for Activity 1.2

What is the most commonly used form of energy in Québec?

According to the curve in the graph of Québec's total energy consumption from 1984 to 2009 (see 

Graph 1.2, p. 30), what was this consumption in 2003?

What is meant by biomass with respect to the energy consumed in Québec?

What activity sector consumed the most energy in 2009?

How can we explain the decline in energy consumption in the industrial sector from 2003 to 2009?

What continent provided most of the oil Québec imported in 2010?

Which area(s) of Canada provided Québec with the Canadian oil it imported in 2010?

What were the sources of motor energy that humans could rely on before the Industrial Revolution in 

the 1800s?

What invention sparked the Industrial Revolution?

What invention brought about massive oil consumption?

1.25 
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Activity 1.3 My Energy Consumption

Goal • To inform a pen pal about the various sources of the energy you use

Your 
task

• You will:

a) make a list of the appliances, devices and services that require an energy source and that you 

use on a regular basis; 

b) identify the advantages, drawbacks and environmental impact of these appliances, devices and 

services; and 

c) write a text.

The list

Make a list of at least three appliances (e.g., propane barbecue) and three services (e.g., bus 

transportation) that you use on a regular basis. Specify the energy source involved in each case as well 

as the energy transformations that occur.

APPLIANCES SOURCE OF ENERGY ENERGY CHAIN
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SERVICES SOURCE OF ENERGY USED ENERGY CHAIN

Benefits, drawbacks and environmental impact

Identify the benefits, drawbacks and environmental impact of each appliance and service in your list.

APPLIANCES BENEFITS DRAWBACKS ENVIRONMENTAL IMPACT

SERVICES BENEFITS DRAWBACKS ENVIRONMENTAL IMPACT
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The text

Last, draft a one-page text that you will send to your pen pal. Emphasize the benefits you derive 

from the appliances and services on the list as well as their drawbacks, especially their environmental 

impact. End your text with a conclusion in which you assess your energy consumption and propose 

ways, both individual and collective, of reducing the economic and environmental impact of your 

consumption.
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Integration Exercises

Name two needs that can be met by using oil as a source of energy.

Which need discussed in this learning sequence owes its importance to our geographic location, and 

why?

With regard to energy sources, what transition is likely to reduce the pollution created by the 

transportation sector?

What form of energy is essential to our need to communicate?

Give two reasons why it is preferable to use electricity rather than oil.

1.35 

1.36 
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1.38 

1.39 
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Summary of Knowledge Acquired

My energy needs 

Humans need to eat, keep warm, have light, communicate and travel. These needs require a great deal of 

energy: 

• most foods that are transported over long distances must be refrigerated; 

• in our cold climate, heating involves the use of large amounts of energy;

• artificial lighting is indispensable for activities that are carried out well after dusk.

Communications play an important role in our lives. While the electronic devices we use to communicate 

with one another use little electricity, their sheer numbers mean that they account for a sizable amount of  

our energy consumption.

Means of transportation, both individual and collective, require a great deal of energy.

My appliances

To meet each of these needs, various appliances, devices and systems have been developed that use 

different forms of energy. Here are some examples:

• In order to eat, we use electrical energy, or the energy in an electrical current, to refrigerate our food 

or cook it in the oven.

• To travel, we use kinetic energy, or the energy of a body in motion, to power our vehicles.

• To heat our homes, we use thermal energy, or the energy associated with the vibration of molecules, to 

heat the conductors in electric baseboards.

• To communicate with one another, we use chemical energy, which is stored in the batteries we use to 

power our communication devices.

• For lighting, we use radiant energy, which is carried by radiation, to produce light energy.

My energy sources 

In 2009, Québec's total energy consumption was 39 million tonnes of oil equivalent (toe) and was 

divided as follows: 40% in the form of electricity; 39% in the form of petroleum products; 13% in the 

form of natural gas; 7% in the form of biomass, essentially wood; and 1% in the form of coal.



41© SOFAD

LEARNING SEQUENCE 1  – MY ENERGY AND SOURCES

Of this energy, 33% was used by the industrial sector, 29% by the transportation sector, 19% by the 

residential sector and 19% by the commercial sector.

Where energy comes from

The main source of the energy used in Québec is electricity, which is produced by our hydroelectric 

resources.

Most of our oil is imported from Africa, the North Sea and Eastern Canada (Newfoundland).

Most of our natural gas comes from Western Canada; it is transported to Québec through underground 

pipelines.

Québec has no coal-fired power plants; it therefore uses very little coal. The little coal that is used serves 

to produce electricity for certain industrial plants (steel and cement). Coal comes mainly from Western 

Canada.

Nuclear energy is used by several industrialized countries to produce electricity. In Québec, the nuclear 

reactor used to produce electricity ceased operations years ago.

Biomass comes from Québec's forests, a renewable resource that is in abundant supply in Québec. The 

forest industry is a major economic force in Québec, and the use of biomass as an energy source may 

grow in the future.

The evolution of energy

The domestication of fire dates back 500 000 years. Ever since human settlements became sedentary, 

more than 9000 years ago, different technologies enabled humans to exploit various sources of energy.

Humans were eventually able to add the energy provided by wind and water to that provided by draught 

animals. The invention of the steam engine sparked the Industrial Revolution. The invention of the 

internal combustion engine ushered in the era fossil fuels. The invention of the electric engine and the 

electricity generator gave rise to the development of our main source of energy: electricity.




