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WELCOME

“
Can you imagine living without energy? It�s impossible! Our lives literally are 

surrounded by energy, but we don�t often stop to think about why energy is so 

important. We use energy to cook our food, to heat or cool our homes, for light 

when it�s dark, to move around and much more. Globally, people are using more 

and more energy. However, right now, not everyone has all the energy they 

need. Meanwhile, most of the energy that people use comes from burning energy 

sources that are damaging our planet and our health. To promote access to clean 

and renewable energy for all people, the period 2014�2024 has been declared the 

�Decade of Sustainable Energy for All�. The United Nations (UN) has been actively 

�ghting to eradicate poverty and encourage sustainable development. In 2014, 

the UN created Sustainable Development Goals (SDGs) to stimulate action in 

17 areas and transform the world. One of the goals is dedicated to sustainable 

energy � Goal 7 to ensure access to affordable, reliable, sustainable and modern 

energy for all (p. 9). There is enough clean renewable energy in the world for 

everyone; however we need to plan and work together to make sure that everyone 

can get energy when and where they need it.

TAKE this booklet and EXPLORE, PLAY and DISCOVER � and while you�re having 

fun, maybe you can even come up with some clever ways to help save energy in 

your home! After all: YOUR actions and ideas to save energy today will help you to 

make a difference in the world. Energy is part of everything we do every day! 

So let�s use energy responsibly!

	   Energy is central to nearly every 

major challenge and opportunity the 

world faces today � jobs, security, 

climate change, food production or 

increasing incomes � access to energy  

for all is essential! 

“
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BE 
SAFE AND SOUND!
DEAR LEADER OR TEACHER,
The Challenge Badges are designed to support you in 
undertaking educational activities. However, as you will 
be implementing these activities in different contexts and 
environments, it is up to you to ensure that the activities you 
choose are appropriate and safe. This document contains a 
number of suggested activities to help your group learn about 
energy; however, do not feel restricted to this content � why not 
see what other things you can come up with in your groups.

Practical activities such as those in the second half of this 
booklet are a fantastic way to learn about the importance and 
uses of energy. Nevertheless, it is important to take some 
precautions to ensure nobody gets hurt. Energy has many uses 
all around us, but for example electricity is very dangerous. 
This is why it is important to learn how to properly use and 
control energy. Plan carefully and make sure you have enough 
adult support to keep you safe, especially when you are near 
sources of electricity or �re, and in general to any source of 
energy. Young children should be supervised by an adult at 
all times. Please consider the general precautions on the next 
page and carefully evaluate which other safety issues need to 
be taken into account before undertaking any activity.

ELECTRICITY  K I L L S ! 
DO NOT GO NEAR OR PLAY WITH ELECTRICITY.  
ALL ACTIVITES MUST BE SUPERVISED
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SUSTAINABLE
DEVELOPMENT GOALS
The Youth and United Nations Global Alliance (YUNGA) actively 
supports the achievement of the Sustainable Development Goals 
(SDGs) through the development of initiatives, activities and 
resources such as the United Nations Challenge Badges and by 
promoting and encouraging young people to be active citizens 
in their communities. Additional Challenge Badges are being 
developed to further support the SDGs.

The SDGs succeeded the Millennium Development Goals in 2015 and 
are a set of targets that governments, civil society organizations, 
United Nations agencies and other entities are working towards 
achieving by 2030 to ensure a more sustainable future for all.

This Energy Challenge Badge 
speci�cally supports goal number 7: 

Find out more about the Sustainable Development Goals on p. 112 and at: 
www.fao.org/yunga/global-citizens/sdgs/en  and
https://sustainabledevelopment.un.org/topics/sustainabledevelopmentgoals 

ENSURE ACCESS TO AFFORDABLE, 
RELIABLE, SUSTAINABLE AND 
MODERN ENERGY FOR ALL.

YUNGA
LEARNING AND 

ACTION SERIES
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THERE ARE 17 SDGs:
1 – NO POVERTY 
End poverty in all its forms everywhere

2 – ZERO HUNGER
End hunger, achieve food security and improved  
nutrition and promote sustainable agriculture

3 – GOOD HEALTH AND WELL-BEING
Ensure healthy lives and promote well-being for all at all ages

4 – QUALITY EDUCATION
Ensure inclusive and equitable quality education and promote lifelong learning 
opportunities for all

5 – GENDER EQUALITY
Achieve gender equality and empower all women and girls

6 – CLEAN WATER AND SANITATION
Ensure availability and sustainable management of water and sanitation for all

7 – AFFORDABLE AND CLEAN ENERGY
Ensure access to affordable, reliable, sustainable and modern energy for all

8 – DECENT WORK AND ECONOMIC GROWTH
Promote sustained, inclusive and sustainable economic growth, full and productive 
employment and decent work for all

9 – INDUSTRY, INNOVATION AND INFRASTRUCTURE
Build resilient infrastructure, promote inclusive and sustainable industrialization and 
foster innovation

10 – REDUCED INEQUALITIES
Reduce inequality within and among countries

11 – SUSTAINABLE CITIES AND COMMUNITIES
Make cities and human settlements inclusive, safe, resilient and sustainable

12 – RESPONSIBLE CONSUMPTION AND PRODUCTION
Ensure sustainable consumption and production patterns

13 – CLIMATE ACTION
Take urgent action to combat climate change and its impacts

14 – LIFE BELOW WATER
Conserve and sustainably use the oceans, seas and marine resources for sustainable 
development

15 – LIFE ON LAND
Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage 
forests, combat deserti�cation, and halt and reverse land degradation and halt biodiversity loss

16 – PEACE, JUSTICE AND STRONG INSTITUTIONS
Promote peaceful and inclusive societies for sustainable development, provide access to 
justice for all and build effective, accountable and inclusive institutions at all levels

17 – PARTNERSHIPS FOR GOALS
Strengthen the means of implementation and revitalize global partnership for sustainable 
development
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Why is this important?
Our daily lives revolve around having reliable and affordable energy. 
This is important for all sectors, starting from business, medicine and 
education to agriculture, infrastructure, communications and high-
technology. Not having access to energy supplies limits human and 
economic development. 

ENERGY is also the main contributor to climate change as it is 
responsible for around 60% of total greenhouse gas emissions 
released in the atmosphere.

How many people are without electricity?
Around 1.2 billion people, which is one in �ve people in the world, do 
not have access to electricity. The majority of these people live in Africa 
and Asia. 

Not having access to electricity, women and girls have to spend hours 
traveling to get water, clinics are not able to store vaccines for children, 
many school children cannot do their homework at night, and people are 
not able to run their businesses.

Another 2.8 billion people depend on wood, charcoal, dung and coal for 
cooking and heating, which leads to 4 million premature deaths a year 
because of indoor air pollution.

What can we do to �x these problems?
Countries can speed up the move towards affordable, reliable and 
sustainable energy systems by increasing the use of renewable energy 
resources, encouraging energy ef�cient practices, and promoting clean 
energy technologies and infrastructure.

You can also help �x some of the energy issues. This Energy Challenge 
Badge will teach you how you can make a difference in the world.

TO ENSURE ACCESS TO AFFORDABLE, 
RELIABLE, SUSTAINABLE AND 
MODERN ENERGY FOR ALL

LET�S LOOK IN MORE DETAIL AT  

GOAL 7
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What are the targets of Goal 7?
7.1:	By 2030, ensure everyone gets access to affordable, reliable 

and modern energy (in particular access to clean fuels and 
technologies).

7.2:	By 2030, increase substantially the share of renewable energy in 
the global energy mix.

7.3:	By 2030, double the improvement in energy ef�ciency.

7.a:	By 2030, enhance international cooperation in access to 
clean energy research and technology, including renewable 
energy, energy ef�ciency and advanced and cleaner fossil-fuel 
technology, and promote using energy infrastructure and clean 
energy technology.

7.b:	By 2030, expand infrastructure and improve technology for 
supplying modern and sustainable energy for all, especially in 
poorer countries and small islands.

Why don’t you explore with your group 
which ‘targets’ you could contribute towards 
achieving in your local community? If you 
have access to a smartphone, you could then 
create and record your actions using the SDGs 
in action app: https://sdgsinaction.com
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To see existing badges go to www.fao.org/yunga. To receive 
updates on new releases and other YUNGA news, register for 
the free YUNGA newsletter by emailing yunga@fao.org.
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Developed in collaboration with United Nations agencies, civil 
society and other organizations, the YUNGA Challenge Badges 
are intended to raise awareness, educate and motivate young 
people to change their behaviour and be active agents of 
change in their local communities. The Challenge Badge series 
can be used by teachers in school classes as well as by youth 
group leaders, especially Guide or Scout groups.
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YUNGA has or is currently developing badges 
on the following topics:

AGRICULTURE: How can we grow food in a sustainable way?
BIODIVERSITY: Let�s make sure no more of the world�s glorious 
animals and plants disappear!
CLIMATE CHANGE: Join the �ght against climate change and 
for a food secure future!
ENERGY: The world needs a healthy environment as well as 
electricity and heat � how can we have both?
FORESTS: Forests provide homes for millions of plant and animal 
species, help regulate the atmosphere and provide us with essential 
resources. How can we ensure they have a sustainable future?
GENDER: What actions can be taken to ensure a more equal and 
fair world for girls and boys, women and men?
GOVERNANCE: Discover how decision-making can affect your 
rights and equality among people around the world.
HUNGER: Having enough to eat is a basic human right. What can 
we do to help the 1 billion people who still go hungry every day?
NUTRITION: What is a healthy diet and how can we make food 
choices that are environmentally friendly?
THE OCEAN: The ocean is mesmerizing and amazing. It helps 
regulate temperatures on Earth, provides us with resources and 
much, much more.
SOILS: Without good soil, nothing grows. How can we take care 
of the ground under our feet?
WATER: Water is life. What can we do to safeguard this precious 
resource?
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CREATING 
BEHAVIOUR CHANGE
We work with young people because we want to support them in 
leading ful�lling lives, help them prepare for their futures, and for 
them to believe that they can make a difference in the world. The 
best way to make this difference is by encouraging young people 
to embrace long-term behaviour change. Many current social and 
environmental problems are caused by unhealthy or unsustainable 
human behaviour. Most people need to adapt their behaviour, and 
not just for the duration of a project, such as working on this badge, 
but for life. Young people today know that doing good is more than 
an extracurricular activity: it�s about how you lead your life for the 
bene�t of the current and future generations. Small changes to your 
daily behaviour can really help us create a brighter future.

So what can you do?
There are some proven ways of promoting behaviour change so, to 
increase the long-term impact of this Challenge Badge, try to do the 
following:

FOCUS ON SPECIFIC, ACHIEVABLE BEHAVIOURAL CHANGE 
Prioritize activities that target very clear and speci�c behaviour 
change (e.g. �turn off the computer and other electrical 
appliances when you have �nished using them�, rather than 
generally saying �save energy�).  

ENCOURAGE ACTION PLANNING AND EMPOWERMENT  
Put young people in charge: let them choose their own activities 
and plan how to carry them out.

CHALLENGE CURRENT BEHAVIOUR AND TACKLE BARRIERS 
TO ACTION Encourage participants to scrutinize their current 
behaviour and think about how it could be changed. Everyone 
has excuses for why they don�t behave in a particular way: lack 
of time, lack of money, not knowing what to do� the list goes 
on. Encourage young people to voice these excuses and then �nd 
ways around them.
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PRACTISE ACTION SKILLS You�d like to take public transport 
more often? Collect and practise reading timetables, plot out 
routes on a map, take a walk to the bus stop, �nd out what the 
fare is, do a trial journey. You�d like to eat more healthily? Try 
lots of healthy foods to see which you like, experiment with 
recipes, learn how to read food labels, create meal planners, visit 
the shops to �nd healthy foods on their shelves, prefer local 
and seasonal food, and reduce wastes. Keep practising until it 
becomes a habit.

SPEND TIME OUTDOORS No one is going to look after something 
they don�t care about. Time spent in natural environments � 
whether that is the local park or a pristine wilderness � encourages 
an emotional connection with the natural world that is proven to 
lead to more pro-environmental behaviour. Using public spaces, 
even those in a city centre, and getting involved with communities 
are excellent ways of building ownership and a sense of 
responsibility for the environment and other individuals around us. 

GET FAMILIES AND COMMUNITIES INVOLVED Why change 
the behaviour of just one young person when you could change 
the behaviour of their entire family, or even the whole community? 
Spread your message more widely: showcase what you have been 
doing for the local community and encourage young people to 
pester their family or friends to join in. For an even bigger impact, 
get political and lobby your local or national government.

MAKE A PUBLIC COMMITMENT People are far more likely to 
do something if they agree to do it in front of witnesses or in a 
written statement � why not take advantage of this?

MONITOR CHANGE AND CELEBRATE SUCCESS Behaviour 
change is hard work! Revisit tasks regularly to monitor achievement 
and reward continued success in an appropriate way.

LEAD BY EXAMPLE The young people you work with look up to 
you. They respect you, care about what you think and want to 
make you proud. If you want them to embrace the behaviour you 
are advocating, then you must lead by example and make those 
changes yourself.
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1S T E P
Encourage your group to learn about energy, its importance in the 
world and its connection to people�s quality of life. Start by raising 
participants� awareness about the extent of our dependence on 
energy � for doing schoolwork, earning a living, food production, 
etc. Explain the two interrelated energy challenges: the need to 
increase energy access around the world so that everyone can 
bene�t from electricity and heat; and the need to ensure that the 
environment is not harmed while doing so, by using clean and 
renewable energy. Explain how lack of access to energy affects 
all aspects of people�s lives and how this delays development in 
general. Then discuss with the group how our individual choices 
and actions can help make a positive difference. 

Apart from the compulsory activities, which ensure that 
participants understand basic concepts and issues related to 
energy, participants are encouraged to select the activities that 
best match their needs, interests and culture. As far as possible, 
let the participants choose which activities they want to do. Some 
activities can be done individually, others in small groups. If you 
have another activity that is especially appropriate for your group 
or area, you may also include it as an additional option. You can 
also ask the young people if they can think of any activities they 
would like to do on this topic.

2S T E P

In addition to the suggestions for encouraging behavioural 
change, the following ideas are intended to help you develop a 
programme to undertake the Challenge Badge with your group. 

TIPS ON UNDERTAKING 
THE BADGE WITH GROUPYOUR

I N V E S T I G A T E

S E L E C T
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3S T E P

4S T E P

5S T E P

6S T E P

Allow enough time for the group to carry out the activities. Support 
and guide them through the process but make sure they carry out 
their tasks as independently as possible. Many activities can be 
conducted in several different ways. Encourage participants to 
think and act creatively when undertaking their activities.

Have participants present the results of their Challenge Badge 
activities to the rest of the group. Do you notice any changes in 
their attitudes and behaviour? Encourage participants to think 
about how their daily activities depend upon availability of energy 
and affect the environment. Discuss the experience and re�ect on 
how they can continue to apply it in their lives.

Organize a celebration for those who successfully complete the 
badge curriculum. Invite families, friends, teachers, journalists and 
community leaders to participate in the celebration. Encourage 
your group to present the results of their project to the community 
in a creative way. Award them with certi�cates and Challenge 
Badges (see resources and additional information on p. 172). 

Send us your stories, photos, drawings, ideas and suggestions: 
yunga@fao.org 
Find out more about YUNGA and creating a YUNGA Tribe at:  
www.fao.org/yunga

SHARE WITH YUNGA! 

A C T

D I S C U S S

C E L E B R A T E
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Badge structure

For ease of use and to ensure that all the main topics are addressed, 
both the background information (pp. 28�135) and the related 
activities (pp. 136�170) are divided into �ve main sections:

A.	 ENERGY IS LIFE: introduces basic facts about the importance 
of energy to life on Earth. 

B.	 ENERGY SOURCES AND IMPACTS: looks at the major 
energy sources and environmental impacts.

C.	 ENERGY USE: describes different kinds of energy and what 
people use energy for every day.

D.	 ENERGY FOR A BETTER WORLD: explores the connection 
between energy and development.

E.	 TAKE ACTION: suggests ideas to help you save energy in your 
everyday life and raise awareness in the community.

Requirements: To earn the badge, participants must complete one 
of the two compulsory activities at the beginning of each section, 
plus (at least) one additional activity from each section, chosen 
individually or as a group (see graphic on p. 20). Participants can 
also complete additional activities considered appropriate by the 
teacher or leader.
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1 compulsory activity 
(E.1 or E.2)

at least 1 optional activity 
(E.3 - E.17)&

1 compulsory activity 
(D.1 or D.2)

at least 1 optional activity 
(D.3 - D.14)&

1 compulsory activity 
(C.1 or C.2)

at least 1 optional activity 
(C.3 - C.17)&

1 compulsory activity 
(B.1 or B.2)

at least 1 optional activity 
(B.3 - B.13)&

Section A: ENERGY IS LIFE

Energy Challenge Badge 
COMPLETED!

Section B: ENERGY SOURCES AND IMPACTS

Section C: ENERGY USES

Section D: ENERGY FOR A BETTER WORLD

Section E: TAKE ACTION

1 compulsory activity 
(A.1 or A.2)

at least 1 optional activity 
(A.3 - A.16)

+
&

+

+

+

=
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REMEMBER!
The key objectives of the Challenge Badge are to educate, inspire, 
stimulate interest in learning about energy issues and motivate 
individuals to change their behaviour and create local and 
international action. However, most of all, the activities should 
be FUN! Participants should enjoy the process of earning the 
badge and learning about energy and its importance.

Age ranges and appropriate activities
To help you and your group select the most appropriate activities, 
a coding system is provided to indicate the age group(s) for which 
each activity is most suitable. Next to each activity, a code (for 
example �Levels 1  and 2 �) indicates that the activity should be 
suitable for �ve to ten year olds and eleven to �fteen year olds. 

However, please note that this coding is only indicative. You may 
�nd that an activity listed at one level is suitable for another age 
group in your particular circumstances. As teachers and youth 
leaders you should use your judgement and experience to develop 
an appropriate curriculum for your group or class. This could 
incorporate additional activities not listed in this booklet but that 
allow you to achieve all the educational requirements. 

Five to ten years old

Eleven to �fteen years old

Sixteen plus years old
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SECTION ACTIVITY LEARNING OBJECTIVE

A.2: Food Chain 
Drawings (p. 137)

To learn about local food 
chains and their role in the 
carbon cycle. 

A.4: Sun Beams  
(p. 138)

To understand how the Sun 
in�uences life on Earth.

B.1: Energy Generation 
Model (p. 145)

To understand how electricity 
impacts the environment 
and how renewable energy 
technology works. 

B.3: Energy Game  
(p. 146)

To learn about different 
energy resources. 

C.1: Routine Energy  
(p. 151)

To become aware of the 
different forms of energy 
that you use every day. 

C.6: Jumping Jacks 
Energy (p. 153)

To understand the difference 
between potential energy 
and kinetic energy. 

D.1: Can You Guess  
the Goal? (p. 159)

To understand how energy 
affects the achievements of 
the Sustainable Development 
Goals. 

D.5: Globe Game  
(p. 160)

To understand how people 
are linked to one another 
throughout the world.

E.2: Energy Pledge 
Tree (p. 165)

To take action and to inspire 
others to act on energy 
issues.

E.5: Energy Saver 
Reminders (p. 166)

To use energy more 
ef�ciently in your home and 
school. 

A
Energy  
is life

Energy  
sources and 
impacts

B

Energy  
for a  
better world

D

Take action
E

Energy  
use

C
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SECTION ACTIVITY LEARNING OBJECTIVE

A.1: Sunny Stories  
(p. 137)

To understand the role of  
the Sun in different cultures  
or religions.

A.5: Growing 
Experiment (p. 139)

To learn about the importance 
of the Sun for plants to grow. 

B.2: Scoping It Out 
(p. 145)

To encourage hands-on 
learning about one kind of 
energy resource. 

B.7: Presenting Fossil 
Fuels (p. 147)

To understand the advantages 
and disadvantages of fossil 
fuels. 

C.2: Electronics-Free 
Challenge (p. 151)

To engage in fun activities 
that don�t use electricity.

C.10: Electricity 
Safety Checklist  
(p. 155)

To learn about how to 
keep yourself safe around 
electricity. 

D.1: Energy to the 
Rescue (p. 159)

To understand how energy 
affects the achievements of 
the Sustainable Development 
Goals. 

D.7: Health 
Inspection (p. 161)

To learn about the impacts of 
pollution on the environment 
and on people�s health. 

E.2: Achieving the 
Goals (p. 165)

To think of ways to take action 
on Sustainable Development 
Goals.

E.3: Earth Hour  
(p. 166)

To raise awareness about 
sustainable energy use among 
family and friends.

A
Energy  
is life

Energy  
sources and 
impacts

B

Take action
E

Energy  
use

C

Energy  
for a  
better world

D
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SECTION ACTIVITY LEARNING OBJECTIVE

A.1: Sunny Stories  
(p. 81)

To understand the role of  
the Sun in different cultures 
or religions. 

A.11: Heating of the 
Earth (p. 83)

To learn how different parts 
of our world are heated by 
the Sun.

B.2: Scoping It Out  
(p. 145)

To encourage hands-on 
learning about one kind of 
energy resource. 

B.11: Writing for 
Renewables (p. 149)

To motivate activism for 
renewable energy.

C.2: Electronics-Free 
Challenge (p. 151)

To engage in fun activities 
that don�t use electricity. 

C.15: Energetic 
Edibles (p. 157)

To learn about energy in 
food production processes. 

D.1: Energy to the 
Rescue (p. 159)

To understand how energy 
affects the achievements of 
the Sustainable Development 
Goals.

D.13: Community 
Energy Debate  
(p. 163)

To learn about how different 
groups in the community 
play a role in addressing 
environmental issues.

E.1: Energy Pledge Tree 
(p. 165)

To take action and to inspire 
others to act on energy 
issues. 

E.12: Community 
Energy Campaign  
(p. 169)

To initiate and carry out 
a campaign relating to 
an energy topic that is 
important to you. 

Energy  
use

C

A
Energy  
is life

Energy  
sources and 
impacts

B

Take action
E

Energy  
for a  
better world

D
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EA
BCD

The following section provides an overview of key issues 
relating to energy. It aims to help teachers and youth 
leaders prepare their sessions and group activities 
without having to search for the information. 

Naturally, not all the materials will be required or 
appropriate for all age groups and activities. Leaders 
and teachers should therefore select the topics and level 
of detail most appropriate for their group. 

For example, you may wish to skip the more complicated 
issues with younger groups, but will probably wish to 
conduct further research with older groups, who could 
also read the background information for themselves.

BACKGROUND INFORMATION
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BACKGROUND A    ENERGY IS LIFE
 Energy from the Sun
 Energy from the Earth
 Carbon = Nature’s energy
 Living in a greenhouse

B       ENERGY  SOURCES AND IMPACTS
 Forms of energy
 Non-renewable energy
 Renewable energy

C    ENERGY USE
 Energy in the world
 Energy at home

D    ENERGY FOR A BETTER WORLD
 Energy = Development
 SDGs help us see the interlinkages in our world

E     TAKE ACTION
 Actions for governments and decision-makers
 Actions for YOU!



From the moment you wake up to the time you go to 
sleep at night, energy has affected your life. Energy is 
important in everyone�s life, whether you notice it or not. 

So what is energy? Energy is the ability to do 
work and can be found everywhere in the world. We all 
need energy to stay alive, in the same way that we need 
air and water. 

Energy helps us do things every day, and it gives life 
to our planet. All living things on Earth need energy to 
grow and survive. For just a moment, try to imagine life 
without the most basic energy source of all: the Sun! 

The Sun warms our planet, provides us with daylight, 
and enables our crops to grow. Without it the Earth 
would be dark, frozen and lifeless. 

Yes, that Sun of ours is truly a star! 

ENERGY   
ISLIFE
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Let us start from the beginning. Where does energy come from? 
There are two main sources of energy on our planet � energy that 
comes from the heat and light of the Sun and energy that  
comes from heat deep inside the Earth. Let�s take a closer look  
at these two sources of energy.

�Energy alone is not suf�cient for creating the 
conditions for economic growth, but it is certainly 
necessary. It is impossible to operate a factory, run 
a shop, grow crops or deliver goods to consumers 
without using some form of energy.�

 World Energy Outlook, 2004
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ENERGY FROM THE SUN
Our Sun (which was formed over four and a half 
billion years ago, shortly before Earth formed), provides the energy 
to sustain life on Earth. Its energy warms our planet, provides us 
with light, and makes it possible for plants to grow. Energy from 
the Sun gives life to all ecosystems on Earth. The Sun warms the 
atmosphere, helping to create winds and waves, which, in turn, 
are important sources of energy, too (learn more about them on p. 
36). Let us see some examples on how the Sun�s energy is used and 
converted into other forms of energy on Earth. 

DID YOU KNOW?
The sunlight that shines on the Earth in just one hour could 
meet world energy demands for an entire year! The problem is 
that we don�t have the technology to store and distribute all this 
energy yet � keep working on it, scientists!

Photosynthesis
Plants are able to convert light 
energy coming from the Sun to 
chemical energy (sugars). This process 
is called photosynthesis. In Greek, 
�photo� means light and �synthesis� 
means putting together. Through 
photosynthesis, plants use the energy 
of sunlight to �fuse� together water 
vapour and  together to produce 
sugar. Sugar molecules are like little 
batteries that store energy until they 
are needed by the plant to grow.

SUNLIGHT

OXYGEN

CARBON 
DIOXIDE
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FOOD CHAIN
The words �food chain� might make you imagine food strung 
together, but that�s not what we mean here. It refers to the 
way each living thing gets food, and how energy is passed from 
creature to creature. Since plants make their own food through 
photosynthesis, they are called producers. Plants, phytoplankton, 
algae, and some bacteria are the only organisms that are able to 
take light energy and convert it into chemical energy (i.e. sugars). 
Almost all other living beings, or organisms, including us cannot 
make their own food; they get energy either directly by eating 
plants or by eating other animals that get their energy from plants: 
they are called consumers. 
Energy and nutrients �ow 
through a food chain when 
animals eat other animals 
or plants. All organisms add 
nutrients into the soil through 
their waste products and when they decompose after they die, 
which helps plants to grow. In this way, plants and animals rely on 
one another in the food chain! 

For example, a simple food chain can begin with grass, which is 
eaten by rabbits. Rabbits are then eaten by foxes. In reality life is 
more complex and animals eat a variety of different plants or other 
animals. This is how we end up with a food web.    

Find out more:  
www.exploringnature.org/db/detail_index.php?dbID=2&dbType=2t

CONSUMERPRODUCER
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Winds and waves
Believe it or not, we have the Sun to thank for wind and waves, 
too! While light energy from the Sun starts the food chain, 
the heat energy from the Sun reaches the earth and warms the 
Earth�s surface and atmosphere, and creates winds and waves. 
Different land and water areas on the Earth�s surface (such as 
forests, ice sheets, sandy deserts and the ocean) absorb different 
amounts of heat, so some parts of the Earth�s surface warm up 
faster. This uneven heating causes winds. But how does the 
heating of the land affect the air? When areas of land or water 
get warmer, the air above them gets warmer as well. Then, the 
warmer air rises. Can you think of why this warmer air rises? Think 
about a hot air balloon � the hot air inside the balloon is less 
dense (weighs less relative to the space it takes up) compared 
with the cold air outside, so it rises up. When the warm air rises 
into the atmosphere (air surrounding the Earth), it pushes the 
cool air down towards the Earth�s surface. This moving air is wind. 
Wind energy helps pollinate plants, and birds use wind energy 
to help them �y. When winds blow across the ocean, they push 
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Cool air over the 
water moves in

The Sun shines on 
land and water

Land heats up faster 
than water

Warm air over 
the land rises

  HOW WIND IS FORMED  
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Did you know that we can use tides 
to produce energy? Tidal energy is 
energy created from the movement 
of the water; read further on p. 82.

New moon Full moon

Third quarter moon

First quarter moon

Spring tide

Spring tide

Neap tide

Neap tide

So
ur

ce
: Y

UN
GA

Tides
The ocean is always moving. Around the world, the sea level is rising 
and falling because of tides. Tides are formed from the pull of gravity 
from the Moon and the Sun on Earth, as well as the spinning of the 
Earth. There are different cycles of a tide because the Moon rotates 
around the Earth and the position of the Sun changes. For example, 
throughout the day 2 high and 2 low tides happen (but some places 
get only 1 of each):

1.	 Sea level rises
2.	High tide is reached (sea level at its highest)
3.	 Sea level falls
4.	 Low tide is reached (sea level is at its lowest)

The difference between the highest and lowest tide is called tidal 
range and varies over a two-week cycle. In the open ocean tidal 
range is usually 60 cm, but near the coast the tidal range can be 
larger. The largest tidal range is called spring tide, and the smallest 
tidal range is called neap tide.

You can find out more 
about tides in the OCEAN 
CHALLENGE BADGE. 

   

    
OCEAN

U
N

ITED
 NAT IONS  C HAL L E NGE  
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  Sun    Earth  
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ENERGY FROM THE EARTH
The next time you complain about how hot the 
summer is, feel glad you�re nowhere near the centre of the Earth. At 
6 000 degrees Celsius (10 830 degrees Fahrenheit), the core (centre) 
of the Earth is the hottest part of our planet! The core contains heat 
energy left over from when the Earth formed over four billion years 
ago. However, there are also minerals that produce heat underground. 
This occurs through the breakdown of radioactive particles.

DID YOU KNOW?
At the Earth�s core, temperatures can be even hotter than the 
surface of the Sun. For every 100 metres you go below ground, the 
temperature of the rock increases about 3 degrees Celsius.  
(Or for every 328 feet below ground, the temperature increases 
about 5 degrees Fahrenheit.) There is so much heat in the Earth�s 
core that it is enough to power 15 times the world�s electricity 
production � that is a lot of electricity! So here�s another potential 
source of energy scientists still need to work out how to harness� 

Source: Sustainable Energy for All

TEMPERATURES 
IN CELSIUS

DEPTH IN 
KILOMETERS

2 000

4 000

4 000°

6 000

5 000°

  THE EARTH�S CRUST & TEMPERATURES INSIDE THE EARTH 

  Core  

  Inner mantle  

  Edges of plates  

  Rocky crust  

  Outer mantle  
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JOURNEY TO THE CENTRE 
OF THE EARTH
In this science �ction novel (written 
in 1864 by Jules Verne), a professor, 
his nephew and a guide descend into 
a volcano to get to the centre of the 
Earth. Many adventures follow�

You wouldn�t want to try this journey 
yourself (you might get cooked!), but 
how about writing your own story 
about it? What do you imagine the 
centre of the Earth to be like?
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One of the most active areas of geothermal energy in the world is 
around the Paci�c Ocean called the �Ring of Fire�.

Geothermal energy also has other impacts on the surface of the 
Earth (also called the crust), where we live. The rocky outer crust is 
broken into different pieces called tectonic plates (often just called 
�plates�), including seven big plates and many smaller plates. Look at 
the map of the big plates on p.43. Which plate do you live on?

The Earth�s heat energy causes these plates to move around. These 
plates are like big rafts that are �oating on the soft mantle part of 
the Earth. The plates are 80 to 400 kilometres thick (50 to 250 miles) 
and usually move a few centimetres each year. The movements of these 
plates over time helped create some of the biggest mountains in the 
world. Can you guess what else happens when the plates move around? 

ACTIVE VOLCANO

  THE RING OF FIRE  

Mount  
Saint Helens   

Kamchatka 
Peninsula 

PopocatØpetl
Volcano

West Mata 
Volcano   

1

1

2

3

4

2 3 4
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DID YOU KNOW?
Carbon makes up about 18 percent of the 
human body. So if you weigh 100 pounds, your 
body contains around 18 pounds of carbon. 

CARBON = NATURE’S ENERGY 
We have just learned about the two main sources of energy on our 
planet. But let�s take a look at an essential element for all life � 
carbon; understanding how it moves will help us to understand the 
biological processes and factors that in�uence them. Carbon is 
present throughout the natural environment in many forms. It is a 
building block of life and a form of stored energy. All living things 
on Earth, even the human body, consist of carbon and rely on it as 
a fuel for life in one way or another.

The carbon cycle
Carbon can be found in the ocean, air, and even rocks. Carbon is 
always moving around. The movement of carbon is known as the 
carbon cycle. Through following the carbon cycle we can also study 
the �ow of energy on Earth, as most of the chemical energy (p. 50) 
needed for life is stored in organic compounds as bonds between 
carbon atoms and other atoms. 

In the atmosphere, carbon is attached to oxygen and is then 
called carbon dioxide (CO2).

1.	Plants use carbon dioxide, water from the soil and sunlight in 
a process called photosynthesis to produce food and energy. 
The carbon they absorb from the air becomes part of the plant.

2.	Animals that feed on the plants pass the carbon compounds 
along the food chain.

YOUTH AND UNITED NATIONS GLOBAL ALLIANCE LEARNING AND ACTION SERIES
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  THE CARBON AND NITROGEN CYCLES  
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More to explore:
www.youtube.com/watch?v=nzImo8kSXiU 
https://earthobservatory.nasa.gov/Features/CarbonCycle/

3.	Most of the carbon the animals consume is converted into 
carbon dioxide as they breathe (also known as respiration), 
and is released back into the atmosphere.

4.	When the animals and plants die, the dead organisms are 
eaten by decomposers in the soil and the carbon in their 
bodies is again returned to the soil or to the atmosphere as 
carbon dioxide.

5.	 In some cases, plants that die and are buried deep in the 
ground over millions of years can turn into fossil fuels like 
coal and oil. When people burn fossil fuels, this carbon is 
released into the atmosphere as carbon dioxide.

  Atmospheric CO2  

  Atmospheric N2  

  Fossil fuels  

  Nitrates  

  Carbon storage  

  Consumer  

  Bacteria  

  Primary   
  producer  

1
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LIVING IN A GREENHOUSE
Have you ever been inside a greenhouse? You might have noticed it 
gets very warm in there. Certain gases in the Earth�s atmosphere 
are known as greenhouse gases because they act a bit like the 
transparent glass or plastic in a greenhouse: they let heat from 
the Sun in, but don�t let all of it escape again. This is called the 
greenhouse effect. Up to a certain point, this is a good thing: 
without the greenhouse effect, Earth�s average temperature would 
be around -18 degrees Celsius (0 degrees Fahrenheit). That�s 
too cold for us! Thanks to the greenhouse effect, the average 
temperature on the planet is around 14 degrees Celsius (57 degrees 
Fahrenheit). Greenhouse gases include water vapour, carbon 
dioxide, methane, nitrous oxides and ozone.

SOME ENERGY IS 
REFLECTED BACK 
OUT TO SPACE

SOLAR ENERGY FROM 
THE SUN PASSES 
THROUGH THE 
ATMOSPHERE

GREENHOUSE GASES IN 
THE ATMOSPHERE TRAP 
SOME OF THE HEAT

EARTH�S SURFACE IS HEATED BY 
THE SUN AND RADIATES THE HEAT 
BACK OUT TOWARDS SPACE
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  THE GREENHOUSE EFFECT  



But you can�t have too much of a good 
thing, and that�s what�s happening with 
carbon dioxide. The levels of carbon 
dioxide in the atmosphere are at the 
highest they have been in four million 
years, and this is making our planet heat 
up, causing climate change. Humans 
directly in�uence the amount of carbon 
dioxide in the atmosphere: three-quarters 
come from the burning of fossil fuels 
when we drive cars, operate factories, 
etc., and the remainder comes from other 
sources, including deforestation, with the 
result that there are fewer trees to absorb 
carbon dioxide. People are already being 
affected by climate change, which has 
caused an increase in extreme weather 
events and disasters in recent years, 
including droughts, �oods, hurricanes and 
tropical storms.
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Learn more about this 
topic through the CLIMATE 
CHANGE CHALLENGE BADGE 
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Explore more watch the following video: 
www.youtube.com/watch?v=x_sJzVe9P_8
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ENERGY  
SOURCES AND

IMPACTS
As we have seen in the previous section all energy originally 
came from the Sun or from the centre of the Earth. 

Humans have learned to use different energy sources over 
the centuries, all have their bene�ts but also their negative 
impacts. The challenge is to educate people on their energy 
use as well as to develop new technologies that will help 
people all around the world access better energy sources that 
are affordable, reliable and safe. 

In this section, you will learn more about some of the 
common energy sources used today.
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HOW DO WE MEASURE ENERGY?
Different kinds of energy are measured in different ways. Some units 
for measuring energy are: joules, calories, ergs, kilowatt-hours 
and British thermal unit (BTU). You can always convert one unit 
to another. Have you heard of these units relating to the energy in 
your food or electricity usage? 

Let�s look at an example: the amount of energy in a piece of buttered 
toast is about 315 kilojoules (315 000 joules). This is the same 
amount of energy that you would need to walk for 15 minutes. This 
is also the amount of energy used by a 60-watt light bulb in 90 
minutes! However, if you switch to energy-ef�cient lightbulbs, they 
will shine as bright as 60-watt light bulbs but use less energy (for 
example, 11-watt), last 10�15 times longer and cost 5�10 times less. 

1 buttered toast 15-minute walk 90 minutes of light

Power is the rate at which energy is used, and is measured in watts. 
Did you know that a person sitting quietly produces 100 watts of 
heat energy per second? That is the same amount of energy that is 
needed to power a 100-watt light bulb every second! 

315 KILOJOULE

S

315 KILOJOULE
S 315 KILOJOULE
S
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FORMS OF ENERGY
Scientists de�ne energy as the ability to do work, and work is 
de�ned as what happens when a force that is applied to an object 
moves that object. Let us now explore the different forms of energy. 

Chemical energy: energy that is stored in chemical bonds 
of atoms and molecules. Some examples of using chemical 
energy include batteries, biomass, petroleum, natural gas 
and coal. It can only be seen when a chemical reaction 
takes place. For example, in a battery, there are chemicals 
that are used when needed. When you put a battery 
inside a battery-powered toy car, nothing happens. This is 
because the battery�s energy is potential. When you switch 
on the car, the potential chemical energy is converted into 
kinetic energy. Also, when people burn wood in a �replace 
or burn petroleum in a car�s engine, which is a form of 
chemical energy that is converted to thermal energy. 
Another example is food: when we eat the chemical energy 
stored in food is released during digestion. The energy 
produced keeps us warm, maintains and repairs our body 
and makes us able to move.

Mechanical energy: energy that is stored in objects by 
tension and motion. In fact, mechanical energy is often 
de�ned as the ability to do work. For example, compressed 
springs or stretched out rubber bands. A common scene 
in some parts of the world is a �wind farm�. High-speed 

Potential energy
Potential energy is stored or resting energy in an object. Potential 
energy is measured in joules, abbreviated as J. Potential energy can 
be divided into four types of energy: chemical, mechanical, nuclear 
and gravitational energy. 
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Nuclear energy: energy that is stored inside an atom 
and that holds the nucleus of an atom together. 
Nuclear energy can be used to produce heat and 
electricity. For example, nuclear power plants use it  
to generate heat. 

Gravitational energy: energy that is stored in an 
object�s height. A high and heavy object has a lot 
of gravitational energy. For example, when you ride 
a bicycle down a steep hill and your bike picks up 
speed (our advise is  ...better  to slow down), this is 
gravitational energy converting into motion energy. 
Hydropower is an example, where gravity forces water 
down through the turbine to generate electricity.

Kinetic energy
Kinetic energy is the energy that is in motion. Any object that 
has motion � vertical or horizontal � has kinetic energy. For 
example, moving water and wind are examples of kinetic energy. 
Electricity is also kinetic energy as it involves tiny movements of 
particles that you cannot see.

There are �ve types of kinetic energy:

winds are used to do work on the blades of a turbine. 
The mechanical energy of the moving air gives the air 
particles the ability to apply force and move the blades.

Thermal energy: or heat, is created by movements of 
tiny particles in an object. The faster these particles 
move, the more heat is generated. Matches are a great 
example of thermal energy. Geothermal energy is 
thermal energy of the Earth.
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Motion energy: stored in the movement of objects. 
Faster moving objects have more energy stored. 
Energy is needed to get an object moving, and energy 
is released when an object slows down. Wind is an 
example of motion energy.

Sound: energy is created when a force causes an 
object or substance to vibrate. For example, you 
have all been to a musical concert before, and have 
probably noticed the different sizes of instruments. 
The larger instruments tend to have a deeper sound 
while the smaller ones have a higher pitch (vibration).  

Electrical energy: energy that is created by movement 
of tiny particles called electrons. These electrons 
are moving in an electrical circuit. For example, a 
toaster, television or a cell phone. Lightning during a 
thunderstorm is also an example of electrical energy 
in nature.

Radiant energy: energy that travels by waves or 
particles, particularly electromagnetic radiation 
such as heat or x-rays.  Virtually anything that has 
a temperature gives off radiant energy like the heat 
emitted from a camp�re. Sunshine is light and can be 
an example of radiant energy too, because it provides 
heat from the Sun to the Earth through radiation, 
which is possible by electromagnetic waves.
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Energy can be converted between the two forms. For example, 
let�s take a roller coaster. (Source: https://www.enwin.com/kids/
electricity/types_of_energy.cfm)

 

When it is going up, it is 
using kinetic (motion) 
energy because the 
energy is in motion.

When it goes down, 
kinetic energy is 
used again.
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When it arrives to the 
top, it has potential 
(gravitational) energy. 
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WHAT IS ELECTRICITY?
Take a look around your home: how many everyday items run on 
electricity? The list is likely to be very long � life would be tough 
without electricity. 

Electricity is a form of energy, it is all around us � powering 
technology like our cell phones, lights and computers. It�s tough to 
escape it in our modern world. But where does it come from? How is 
it that we plug in an appliance and it magically works? Well, it�s not 
magic. It all starts with atoms, which, are the smallest of all particles. 
Everything, absolutely everything, is made of atoms. The centre of an 
atom is called the nucleus, which contains protons and neutrons. 
Then there are electrons, which move quickly around the protons and 
neutrons. This quick movement is what creates electricity. We can�t 
see electrons, but they certainly improve our lives! 

However, electricity can still be seen in nature � like in lightning as 
we just read. Back in 1752, a man named Benjamin Franklin, curious 

about lightning, conducted a rather 
dangerous experiment. He tied a 
metal key to a kite and went out into 
a thunderstorm to �y the kite. Just as 
he predicted, electricity (lightning) 
from the storm clouds �owed down 
the string, and he received a mild 
electrical shock. This proved that 
lightning is, in fact, electricity and 
the experiment paved the way for 
many more experiments working out 
how to harness electricity. 
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ELECTRICITY IS AN IMPORTANT ENERGY FORM,  

BUT IT CAN BE  V E R Y  D A N G E R O U S ! 

Refer to the Be Safe and Sound section (p. 6) of this booklet 
for more tips on how to keep yourself safe around electricity.

Why was Benjamin Franklin shocked?   

Fortunately, we don�t have to go around 
�ying kites in thunderstorms to do so 
(in fact we should never do such a thing 
as it’s far too dangerous)! Most of us use 
electricity provided by power plants. 
Power plants use different sources 
of energy (see Section C) to produce 
electricity. They convert these different 
forms of energy (e.g. chemical, nuclear  
or mechanical) into heat energy and steam.  
The steam is used to spin turbines (mechanical energy), causing 
magnets to spin around copper wires. By moving big magnets 
towards or away from the copper wires, power plants make 
electrons that travel along power lines to give people electricity. 

Electricity travels in loops, so it travels along power lines to 
buildings and homes and then it travels back to the power plant. 
When we turn on a light switch, the electrons �ow through the 
whole loop from the power plant to your light and back to the 
power plant. When you turn the same switch off, you stop the 
connection in the loop, meaning the electricity no longer reaches 
your light, so the light is off. 
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The electric journey
Have you wondered how energy travels from power plants to our 
homes? Well, take a look at the electric journey, also called electric 
grid (network for delivering electricity), shown in the picture on p. 57.

1.	 Power plants: If you remember from Section B (p. 48), there are 
several ways electricity is made at power plants: thermal power 
plants use fossil fuels,, hydropower plants use water and nuclear 
power plants split atoms. Thermal and nuclear power plants use 
steam to turn a turbine while hydropower plants use potential 
energy. The turbine spins a big magnet inside a coil of wire. 
Heat energy in the steam and potential energy are converted 
into mechanical energy. The mechanical energy created in the 
turbine is converted into electrical energy in the generator. 

2.	 Transformer: Electricity travels from the power plant through 
wires to a step-up transformer. The tranformer increases the 
pressure of the electicity (also called voltage) allowing it to travel 
long distances.

3.	 Transmission lines: Electric current travels through wires to the 
transmission lines. These lines can carry large amounts of energy 
over long distances.

4.	 Substation transformer: Electricity reaches the substation 
transformer, where the electricity level is lowered so that it can be 
used in communities.

5.	Distribution lines: From the substation transformer, electricity 
current travels to distribution lines, which are sometimes above or 
below ground.

6.	 Pole transformer: Electricity reaches the pole transformer, which 
lowers the electricity level once more to be used in our homes. 
In some places where lines are underground, you can �nd a 
transformer box instead of a pole.

7.	 Service box: At this last stage, electricity travels into a service 
box (where the electric meter is) to be ready for use in our homes. 
You can �ick a switch to turn on the lights now!
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However, not all electricity generated at the power plants reaches 
your home. About 8 percent of electric power is lost during this 
journey (Source: World Bank, 2013). Heat, which is essential for hot 
water supply and district heating, is also generated at the power 
plants, but in general is lost in conventional power generation 
methods. A combined heat and power plant (CHP) is a possible way 
to effectively extract both heat and electricity from fossil fuels and 
increase energy ef�ciency. This type of power generation is now 
drawing attention as a measure against global warming.

1
2

3

45

6
7

  Power plants  

  Transformer  

  Transmission lines  

  Substation transformer  

  Distribution lines  

  Pole transformer  

  Service box  
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NON-RENEWABLE ENERGY 
Some energy sources are called non-renewable energy 
because they are limited, and we will only be able to use 
these energy resources until they run out. Non-renewable 
energy resources include fossil fuels (coal, petroleum and 
natural gas) and nuclear energy. 

PETROLEUM

NATURAL GAS NUCLEAR

COAL
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FOSSIL FUELS

Over millions of years, the geothermal energy in the Earth�s 
crust helps turn dead plants and animals into usable energy 
sources called fossil fuels. Fossil fuels have formed because 
some remains of plants and animals that lived millions of 
years ago (also called fossils) � yes, millions! � were exposed 
to heat and pressure deep under the earth while they were 
decomposing. Heat from inside the Earth and pressure from soil 
and rock changes these fossils into oil, natural gas and coal. As 
it takes millions of years to make or �renew� more fossil fuels we 
call them non-renewable. We are currently using the fuels that 
were made more than 65 million years ago. Once this is gone, it�s 
gone for good! 

Fossil fuels contain lots of carbon (an element that makes 
up all living things), which releases energy when it is burned. 
Currently just under 70 percent of the world�s electricity is 
produced using fossil fuels. This means that they are still a key 
source of global energy supply. At the same time, fossil fuels, 
especially petroleum-based ones, are used for transportation as 
well. However, this is not the best situation as when fossil fuels 
are burned they produce greenhouse gases and other chemicals 
that pollute the air and cause climate change. These problems 
are explained more in the �Environmental Impacts� sections 
under �Petroleum (Oil)�, �Coal� and �Natural Gas� later in the 
chapter. Due to the problems that are linked to fossil fuels, we 
need to develop future energy systems that highly reduce the 
use of such energy sources. 
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Environmental impacts
Burning petroleum releases greenhouse gases into the 
atmosphere, pollutes the air and causes acid rain, just like burning 
other fossil fuels. The burning of petroleum products also releases 
carbon dioxide that is linked to global warming. Air pollution from 
cars and factories that use petroleum damages human health, 
especially children, as it irritates the lungs and causes cancer.

Oil spills at extraction sites or during transportation of oil can 
have terrible consequences for ecosystems, especially marine 
life. As most oil �oats, during oil spills animals swimming on the 
sea surface or on the shore are greatly affected. Animals such 
as seabirds and sea otters can be harmed as they get really cold 
and can even die (think about it: sea otter�s fur and bird�s �uffy 
feathers usually keep them warm; when they are stuck down 
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DEEPWATER HORIZON OIL SPILL
A recent example was the Deepwater Horizon oil spill in 
2010. The oil spill happened in the Gulf of Mexico and is 
considered the largest marine oil spill in history. Natural 
gas blasted out of an oil well and caused an explosion in the 
drilling machines. The leak resulted in 4.9 million barrels of 
crude oil spilled out, damaging animal and plant habitat.
Source: http://kids.britannica.com/comptons/article-9544332/
Deepwater-Horizon-oil-spill-of-2010

Find out more:  
www.eia.gov/kids/energy.cfm?page=oil_home-basics

by oil, however, this insulation doesn�t work anymore). Other 
consequences of oil spills include poisoning all kinds of life and 
injuring animals� eyes and lungs. 

'Wikimedia/NASA
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Natural gas is a fossil fuel. Much like oil, natural gas formed 
from decayed plants and animals that over time where covered by 
mud. Pressure and heat changed these remains into tiny bubbles of 
high-energy gases that you cannot see, smell or taste. As a safety 
measure, the smell of rotten eggs is added to natural gas 
so that people can smell when there are leaks and know 
that they need to do something about it � inhaling too 
much natural gas can be deadly.

Natural gas is mainly made up of a greenhouse gas called 
methane and compared to other fossil fuels it is considered a 
relatively ef�cient, clean and economical energy source, as it 
produces less wasted heat energy and fewer emissions of air 
pollutants and carbon dioxide.

How to get natural gas
The extraction of natural gas starts by geologists (scientists that 
study the structure of the Earth) surveying the area and studying 
the types of rock that are found near gas and oil deposits. Once 
they have found the right place, the drilling can begin. Some of 
the areas are on land, but mostly they are deep in the ocean. 
Wells are drilled down and gas �ows up the wells to the surface 

Natural gas

' Derived by Diego Delso, delso.photo, License CC-BY-SA
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to be optimized

Coal is a fossil fuel that is made mostly of carbon. Coal 
originated from a layer of dead plants at the bottom of swamps 
hundreds of millions years ago, which was then covered by layers 
of water and dirt that locked the energy of dead plants inside. 
Applied heat and pressure from top layers turned the plant remains 
into coal. It is a brownish-black rock found below the soil, and is a 
relatively cheap source of energy � it is the world�s biggest source 
of energy for electricity. It is mined all over the world, and the 
largest amounts of coal are found in United States of America, the 
Russian Federation, China, Australia and India.

How to get coal
To extract coal from the ground, coal miners use either surface 
mining (removing the soil and land to dig out the coal) or 
underground mining (using underground tunnel systems and 
special machines to dig out the coal). Then the coal is processed 
to remove other rocks and unwanted materials, and is transported 

Coal

  SURFACE MINING  

  Top soil  

  Overburden  

  Shallow coal seam  
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Nuclear fusion is energy released by combining atoms or fusing 
them together to create a bigger atom. For example, the Sun 
produces energy by nuclear fusion. Though we do not yet have 
the technology to use 
nuclear fusion to 
produce energy on a 
large scale, the Sun, once 
again, is a step ahead 
of our hard-working 
scientists: inside the Sun, 
hydrogen atoms are busy 
fusing to produce a larger 
atom: helium. As the 
helium is formed, extra 
heat and light energy are 
also produced � and that 
is why the Sun is hot  
and bright!

NUCLEUS

ELECTRON

PROTON

NEUTRON

HYDROGEN

Free neutrons

Free neutrons
Free neutrons

HYDROGEN HYDROGEN

HELIUM

HYDROGEN

ENERGY ENERGY

Nuclear energy is energy in the centre (nucleus) of an atom. 
Atoms are tiny particles that form every object in the universe. 
The nucleus of an atom consists of tiny particles of protons 
(+ positive charge) and neutrons (no charge). The electrons 
(� negative charge) move 
around the nucleus. Nuclear 
energy holds the nucleus in 
an atom together, and it is 
possible to release this energy 
in two ways: nuclear fusion 
and nuclear �ssion. 

Nuclear
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foto cenrobyl/fukushima

The Chernobyl nuclear power plant 
accident in April 1986 brought great 
disruption and damage to Ukraine 
and its neighbouring countries 
such as Belarus and the Russia 
Federation. It is estimated that 70 
percent of the radioactive materials 
that fell down on the European 
continent was concentrated in 
these three countries. In 1986, 
approximately 116 000 people 
within the radius of 30 km of the 
reactors were forcibly evacuated and 
many villages  were ruined. 
Source: www.world-nuclear.org/information-
library/safety-and-security/safety-of-
plants/chernobyl-accident.aspx

Following a major earthquake 
in Japan, a 15-metre tsunami 
(huge sea waves) disabled the 
power supply and cooling of three 
Fukushima Daiichi reactors, 
causing a nuclear accident in March 
2011. As a result, more radioactive 
waste was released into the ocean 
and air. It is still uncertain whether 
it will be safe to eat foods produced 
in the area, but many �sheries 
and farmers received reputational 
damage and thus they have had to 
close their business.
Source: www.world-nuclear.org/information-
library/safety-and-security/safety-of-
plants/fukushima-accident.aspx

NUCLEAR EXPLOSIONS IN CHERNOBYL  
AND FUKUSHIMA

' Courtesy of the NNSA. Source: Wikimedia Commons
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RENEWABLE ENERGY
Renewable resources are considered to be unlimited sources 
of energy. Renewable energy is also called �clean energy� and 
�green power� as the impact on the environment and the 
pollution due to its use is quite limited (apart from bioenergy 
which we will see below). Although renewable energy produces 
limited greenhouse gas emissions, during the production of 
the power other types of pollution such as noise pollution and 
damage to other natural resources does still occur. However, 
in many cases these impacts are minimal compared with the 
pollution created from the burning and extraction of fossil fuels. 
Types of renewable energy include solar, geothermal, hydropower, 
tidal, wind, biomass and biofuels. Let�s check them out!

SOLAR

GEOTHERMAL

HYDROPOWER BIOFUEL

WIND

TIDAL
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Solar is the Latin work for �Sun�. Solar energy is therefore radiant 
energy from the Sun that reaches the Earth. Using energy from the 
Sun is the most sustainable form of energy as it has less of an 
impact on the environment than capturing and using other sources 
of energy. So, why don�t we use solar energy for everything, since 
we have such a huge supply of it? As already mentioned, we don�t 
yet know how to store the energy efficiently. Actually capturing 
the sunlight is also not easy. It shines all over the planet but only 
a little bit reaches any one spot. On cloudy days, much of the light 
never reaches the ground at all. In addition, we also need energy 
when the Sun is not shining 
(for example, people want 
to turn their lights on in the 
evening). This is one of the 
biggest challenges that we 
will need to solve if the Sun 
is going to become a major 
supplier of energy.

How it works
There are different types of technologies that use solar power to 
generate electricity. Let�s focus on two examples here.

Solar panels
Maybe you have seen solar panels on houses, parking lots and 
electronic road signs or even on your calculator! They absorb 
sunlight and convert it into electricity. Solar panels are made up 
of groups of photovoltaics (PV for short) � �photo� means light 
and �voltaics� means electricity. They convert solar radiation from 
the Sun into direct electricity.  Solar cells can be small or big, 
from simple systems in calculators to big solar cell farms. PV cells 
are made up of semi-conductor material (silicon). Photons in 

DID YOU KNOW?
In only 1 hour the Sun radiates 
enough energy to supply the 
world for a whole year!

Solar
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the sunlight reach the surface of the photovoltaic cell (1), and 
electrons will be attracted to the surface causing an electric circuit 
to be created between top and bottom layers of the PV cell. The 
semi-conductor converts the light into electricity (2). 

to be optimized

  Solar panel converts sunlight to DC current  

  Sunlight  

  Electricity  

  Glass  

  Anti-re�ective coat    

  Semi-conductor  

  Take electricity your home requires  
  Inverter converts electricity DC to AC  

  Extra electricity credited on grid  

  PHOTOVOLTAIC CELLS  

1

2
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To use solar panels on top of houses, it is important to 
understand that the electricity the solar PV cells produce is in 
the form of direct current (DC). A house should have an inverter 
to convert DC to alternative current (AC) so it can be used by our 
home appliances (tv, computer, washing machine, refridgerator, 
etc.). If you place enough such PV cells on your home, you might 
even generate more power than you need, which you can then 
sell back to the electric grid.

Solar water heating
Solar energy can be used directly to heat water, to heat homes 
and to light buildings. Some solar technologies use the Sun�s 
energy to heat �uids that produce steam to create electricity. It 
works by having lots of mirrors or re�ectors (1) that concentrate 
sunlight to heat a special kind of liquid in a tube. The heat from 
this liquid boils water (2) to produce steam. Steam then spins 
a turbine, which is connected to a generator (3) to produce 
electricity. The steam is then cooled and turns back into water (4) 
that can be recycled, reheated and turned into steam again.

  SOLAR THERMAL TECHNOLOGY  

  Mirrors  

  Tube with �uid   
  that absorbs heat  

  Heat exchanger  
  Water  

  Steam  

  Turbine  
  Generator  

1

2

3
4
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As you learned earlier, geothermal energy 
(heat energy) is heat from the Earth. 
Geothermal �uid is a mixture of pressurized water and steam. 
Iceland, which is an island with lots of volcanoes, is a world leader 
in using geothermal energy. Iceland has �ve major geothermal 
power plants that supply almost 90 percent of the heating and 
hot water in the country. 

How it works
To get geothermal energy out of the ground, people dig deep 
wells and pump hot �uids from underground to the Earth�s surface. 
There are different types of geothermal power plants that use 
this heat energy from the Earth to heat homes and to produce 
electricity. Some geothermal power plants use hot steam or 
geothermal �uids to produce electricity. It works by pumping hot 
water (1) from underground through a well under high pressure. 

Geothermal

1

2

3

4

5

  Hot water  

  Steam  

  Turbine    Generator  

  Cooling tower  

  Injection well  
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Water then reaches the surface (2) and the pressure is reduced, 
which turns water into steam. After that, the steam turns the 
turbine (3) that is connected to a generator to produce electricity. 
Then, the steam goes into cooling tower (4), where it is cooled off 
and turned into water again. The water is pumped back underground 
through an injection well (5).

At the household level, geothermal heat pumps use the constant 
temperatures of the ground to heat and cool homes and buildings. 
This is possible since the ground is warmer than the outdoor air 
temperature in the winter, and the ground is cooler than the air 
temperature in the summer. In this system, water or refrigerant 
moves through several pipes (1). When it is cold, the water or 
refrigerant is heated up as it travels through the pipes in the ground 
(2). Heat from the ground is pumped into homes (3) in the winter. 
After the water cools down and heat is used up, it is pumped back 
to the ground (4). In summer, heat is pumped out of homes, so it 
works in reverse compared with winter (5). This is one of the most 
ef�cient and cost effective ways to heat and cool homes.

  GEOTHERMAL HEAT PUMP  

  Heat pump  

1

2

3

4

5
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Environmental impacts
It may be a popular form of renewable energy, but even 
hydropower is not entirely environmentally friendly. Building 
large dams can hurt wildlife and ecosystems, both upstream of 
the dam and downstream, due to changes in water �ows. When 
dams block the natural �ow of rivers, this can even lead to 
�ooding. Since dams can disturb natural ecosystems for �sh, 
many dams have special devices called ��sh ladders� to help �sh 
move up waterways to lay their eggs. Also, even though water is 
renewable, some dams use water faster than it can be replaced 
by the underground water sources and rainfall.

In hydropower, but in all renewable energy production and use, it 
is important to adapt a water-energy nexus approach which pursues 
the positive synergies of water management and renewable energy 
development.

  Turbine  

  River  

  Generator  

  Reservoir    Dam  

  HYDROELECTRIC DAM  

  Intake  

Find out more: www.kids.esdb.bg/hydro.html

1

2
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Wind

Wind energy, or moving air, contains mechanical energy in the 
same way as moving water. As you know, wind is caused by the 
uneven heating of the Earth�s surface. Wind will be around for as 
long as the Sun shines! The countries with the largest amounts of 
electricity produced from wind energy are the United States of 
America, China and Germany. 

How it works
We capture the wind�s energy using wind turbines, which work 
best in windy areas that are higher, such as the tops of hills, open 
plains or near the coastline. Wind turbines usually have three 
blades, which can reach speeds at the tip of the blades of over 320 
kilometres per hour (200 miles per hour). That�s pretty fast: this 
also happens to be the top speed of the world�s fastest trains, the 
Hayabusa bullet trains in Japan and France�s TGV. The shape of the 
blades causes the air pressure to be uneven (higher on one side 
and lower on the other) on each side of the blade, and this makes 
the blades spin (1)! The blades turn a shaft that is connected to 
a generator (2), which converts the mechanical energy from 

wind turbines into 
electricity (3). You can 
�nd wind turbines in 
large groups called wind 
farms or by themselves 
in different places. On 
the coastline, wind 
turbines can be built 
on �oating structures 
and are called offshore 
wind farms. Wind 
turbines are on tall 

  Blades  

  Generator  

  Wind  

1 2

3
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Biomass is a living material that comes from plants and animals, such 
as wood, dried vegetation, cow manure and food scraps. Biomass 
contains stored energy from the Sun. Plants absorb the Sun�s energy 
during photosynthesis, which converts the solar energy into 
chemical energy. When the plants die, the chemical energy is 
trapped inside and can be released by burning. This chemical energy 
in biomass is released in the form of heat. This kind of renewable 
energy that is created through biomass is called bioenergy.

Wood is the single most important source of renewable energy, 
providing over 9 percent of the global total energy supply (Source: 
FAO, 2008). Wood is a traditional and crucial source of energy that 
is still the main source of energy in some developing and developed 
countries, where it provides basic energy for cooking and heating. 
The United States of America, Brazil and the European Union are the 
main producers of bioenergy as they produce the most biofuel. 

Biomass and 
biofuels

  BIOMASS SOURCES  

  Sewage  

  Animal residues  

  Forestry crops   
  & residue  

  Agricultural   
  crops & residue    Industrial residues  

  Municipal   
  solid waste  
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It is important to note that much of the use of biomass is 
through traditional burning of �rewood in developing countries, 
where people have no alternative sources of energy and depend on 
bioenergy for basic cooking and heating. This makes investing in 
biofuels an issue for discussion: is it possible to feed all people in 
the world and still produce and use biofuels with no harm to the 
environment? What do you think? 

WHY AREN�T WE USING RENEWABLE ENERGY  
ALL THE TIME? 
Renewable energy has many advantages. First, it is renewable 
� meaning it comes from limitless sources. Second, it is clean so 
has minimal impact on the environment as it produces little or no 
water and air pollution. Lastly, renewable energy does not emit 
greenhouse gases and so it does not contribute to climate change. 
So why are we not using renewable energy all the time?

Technical challenges: because renewable energy 
systems are relatively new, we do not yet have all the 
technologies developed to make them as widely used as 
fossil fuels.

Costs: using fossil fuels is cheaper, because all the 
components and materials are already in place and 
most people do not want to pay more to develop 
renewable energy systems. Especially, collection and 
transportation of biomass are often costly.



91

D

C

B

A

EE N E R G Y  C H A L L E N G E  B A D G E

L
IF

E
S

O
U

R
C

E
S

 
U

S
E

W
O

R
L

D
A

C
T

IO
N

Against this backdrop, research and development (R&D) is being 
promoted all over the world to promote biofuel production from 
non-edible biomass such as lignocellulose. These are called second-
generation liquid biofuels that do not directly compete with food.

Storage of energy: it is dif�cult to store wind and 
sunshine so we need new technologies (like huge 
batteries!) that can capture and store energy so that we 
can access this energy when we need it.

Weather dependent: solar and wind renewable 
energy sources depend on the Sun and wind to 
generate electricity. When it is cloudy or there is no 
wind, we would produce less energy and would not be 
able to provide electricity to everybody.

Large areas required: to produce large amount of 
energy, renewable energy may needs lots of land to 
place solar panels and wind farms. However, this land 
might have been used for other reasons so there is a 
debate on whether we should compromise this land for 
renewable energy.

Find out more: 
www.eia.gov/energyexplained/index.cfm/data/index.cfm?page= 
biomass_home
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  Injection  

  Monitoring  

  Carbon dioxide source  

  Carbon dioxide storage  

  Compression  

1
2

3

4

ENERGY INVENTION
Number 1: Carbon capture and storage
Currently, most of our energy is 
generated using power plants that 
burn fossil fuels and emit lots of 
carbon dioxide to the atmosphere. 
Scientists are inventing ways to 
capture that carbon dioxide from 
the power plants and factories to 
safely store it underground and 
stop it from warming our planet. 

Carbon dioxide emissions (1) 
are captured at the power plant 
or factory to stop their release 
into the atmosphere. Then, the 
captured carbon dioxide (2) is 
transported through a pipeline 
into underground where rock 
formations can store it safely and 
permanently. The carbon dioxide 
is pumped deep underground (3). 
Lastly, the site is monitored (4) to 
make sure that the carbon dioxide 
would not escape back up to the 
atmosphere or into underground 
drinking water sources. Discuss 
with your class what are the 
advantages, disadvantages and 
risks of using such technologies.
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Number 2: Methane capture and use
Another greenhouse gas that is warming our planet is methane gas. Did 
you know that methane is 25 times more powerful at trapping heat in the 
atmosphere than carbon dioxide is? Methane is also the main component 
in natural gas. 

Do you ever wonder where does the trash (rubbish) you throw away end up 
going? Well, the trash that cannot be recycled or reused most likely ends up 
in land�lls. The trash produces methane as it decomposes. So, scientists 
invented a way to capture that methane gas from land�lls to then burn 
it and generate electricity, heat buildings or provide enough power for 
garbage trucks. Capturing methane before it goes into the atmosphere 
would also help reduce the effects of climate change.

So, the invention works by �rst taking the trash that is decomposing in 
land�lls and producing methane gas (1). Then, as methane gas rises to 
the top of the land�ll is goes into gas collection wells where it is collected (2). 
Lastly, methane gas is burned (3) to generate heat or electricity.

Methane gas can also be captured in farm digesters, which are huge tanks 
that contain manure and other waste from animals like cows and pigs.

  Gas collection wells  

  Trash  1

2

3

  Burning methane to   
  generate heat  

  Generating electricity   
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ENERGY USE
People throughout history have found different ways to 
harness and use energy. 

460 000 2000 500 
0 

The �rst known use of �re was in the territory now 
known as China (460 000 BC).

The Chinese were the �rst to begin burning 
coal for heating and cooking (2000 BC).

In 500 BC, Socrates in Greece 
suggested to build houses 
facing to the South. In winter, 
this meant that the Sun 
would shine directly in to the 
porch area, heating the inside 
space. In summer, the Sun was 
directly overhead, providing 
shade and a place to keep cool.

BC AD
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In 644 AD, in Persia (now known as Iran), 
windmills with a vertical axis were �rst used 
to grind grain.

Greeks also invented a vertical water wheel to produce 
energy to power mills to grind grain into �our and 
pump water (100 AD).

Windmills with a horizontal axis were 
introduced in Europe to grind grain 
(in the 1100s). European windmills, 
which used four blades and rotated 
on a horizontal axis, became very 
popular in the following years.

In 1200, commercial 
coal mining �rst began in 
England, which later became 
a major fuel for industries.

In 1582, England, 
speci�cally London, 
established its �rst 
waterwheels and built 
its �rst waterworks. 

100 644 1100 1200 1582
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People have also depended, for a long time and even 
now in some countries, on biomass such as wood for 
cooking and heating. However, this resulted in a major 
cut down of forests up to the point that there were 
very few wood sources available. Europe started to use 
coal as their main source of energy (1690).

Previously, ancient civilizations relied on 
using different energy resources that we still 
use today � using natural gas to heat water, 
using geothermal energy to heat homes, 
and using oil �oating on the tops of ponds to 
fuel lamps. However, only after 1850 did the 
world stop relying only on the Sun and wood 
as major sources of energy and a big change 
in energy usage took place. This change came 
about during the Industrial Revolution (1760 
to 1850) when coal replaced wood as the 
major fuel supply. 

In 1748, in the United States of 
America, the �rst commercial coal 
production began. The invention 
of the steam engine, during the Industrial 
Revolution, also popularized the use of coal. 
The steam engine converts chemical energy 
from coal into mechanical energy to fuel 
machines, locomotives (e.g. trains or trams), 
ships and cars.

1690 1700s
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During the nineteenth century, the next major energy 
revolution occurred with the �rst oil well drilled in 
Pennsylvania, United States of America, and crude 
oil was processed into kerosene, which was used for 
lighting. In 1872, Thomas Edison invents the electric 
light bulb and with that in 1882, he builds the world�s 
�rst electrical power plant in New York, United States 
of America. The power plant used steam-powered 
generators that were operated on coal to generate 
electricity. In the same year, in Wisconsin, United 
States of America, the world�s �rst commercial-scale 
hydroelectric power plant opens. At �rst, the power 
plant only powered three buildings, two paper mills 
and one home, but after that, the Waverly House Hotel 
became the �rst hotel to use electric light from this 
hydroelectric power plant.

In 1888, the �rst windmill to generate 
electricity was built in Ohio, United 
States of America.

The Americans continued to 
lead the way by opening the 
world�s �rst geothermal district 
heating system in Idaho. Water 
was piped from hot springs 
to power 200 houses and 40 
businesses in town.

1800s 1888 1892

E
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On the Colorado River, the world�s largest hydroelectric 
power plant was built called the Hoover Dam (1935).

The emergence of cars and other vehicles in 
the United States of America made petroleum 
the most consumed fuel (1950).

The following year Idaho opens its �rst 
nuclear power reactor to generate 
electricity.

In the 1980s, scientists began 
to realize that burning fossil 
fuels drives climate change 
and began thinking of alternative 
sources of energy. Solar power 
was of�cially born in 1974 when 
Joseph Lindmayer developed a 
silicon photovoltaic cell to use 
solar power.

1935 1950 1951 1974
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Another renewable energy source was the world�s �rst 
wind farm in New Hampshire, United States of America 
(1980). The wind farm had 20 wind turbines, but the 
turbines kept breaking. Despite the failure of the wind 
farm in New Hampshire, wind turbine installations 
became popular throughout the country and in northern 
Europe.

The following year (1981), the �rst large-scale 
solar-thermal power plant called Solar One was 
opened in California, United States of America. It 
used 1 818 mirrors to follow the path of the Sun 
to re�ect its energy into a large central tower.

In 1986, the world was shocked as 
the largest and worst nuclear disaster 
happened in Chernobyl, Ukraine. The 
area is still uninhabitable to this day.

Another devastating nuclear 
disaster happened in 2011 
on the coast of Japan, when 
the Fukushima nuclear power 
plant exploded due to an 
earthquake with a magnitude 
of 9.0 and strong tsunami 
(huge sea waves). The nuclear 
crisis level reached level 7.

1980 1981 1986 2011
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In 2013, the world�s largest concentrated solar power 
generation plant called Ivanpah was opened in California 
South Mojave Desert. 

Today, fossil fuels and nuclear energy 
make up about 80 percent of the world�s 
energy consumption (Source: UN Energy).

We are currently exploring and 
inventing technology that will let 
us use energy resources in ways that 
are cleaner and more environment 
friendly. This involves using energy 
from renewable resources. 

2013 2018 THE FUTURE

'Image by ulleo on Pixabay

Illustrations taken from https://www.switchmybusiness.com/resources/the-evolution-of-energy-sources-a-visual-timeline
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Reducing emissions from commercial buildings can be achieved 
through improved insulation, double glazing, high ef�ciency and 
�ne-tuned lightning control, middle �oor and rooftop planting, 
high re�ection paint, etc. 

Residential buildings (home)
Think about all the ways we use energy in our everyday lives at 
home. Most of the energy we use at home is for heating and cooling, 
lighting and appliances. The amount of energy that a home uses 
depends on the design and size of the home and the number and 
ef�ciency of energy-using appliances within the home.

Let �s see the average energy usage in a home in the United States 
of America. As you can see from the picture, most of our energy is 
used for space heating or cooling (46 percent). Some homes use 
natural gas and fuel oil for that purpose. Another big energy use is 
water heating (13�17 percent). Water heaters use electricity to heat 
water for cooking, cleaning, bathing and space heating. Appliances 
in the kitchen, such as refrigerators, washing machines and toasters, 

  Rooftop   
  planting  

  Photovoltaic   
  generation  

  Rainwater   
  sprinkling  

  High-ef�ciency   
  lighting  

  Fine-tuned   
  lighting control  

  Cutting   
  direct light  
  with eaves  

  Permeable   
  pavement  

  Cutting   
  daylight with   
  deciduous trees  

  Interior   
  decorating using     
  eco-materials 

  Suf�cient 
  insulation  

  Natural   
  ventilation  

  High-performance   
  glass 

  Ensuring the   
  long life of   
  building   
  frameworks 

  Improved ef�ciency   
  of main equipment 

  Wastewater reuse   
  Rainwater use  
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use 17 percent of energy in the form of electricity. Electricity is 
also used for lighting (10 percent) and home electronics (9 percent), 
which are telephones, televisions, computers and other gadgets. 
However, not all energy is used in your home � some of it is lost in 
the form of heat. Windows can be responsible for 10�25 percent of 
your heating loss (for more information check p. 107).

However, there are homes that use much less energy than that 
shown in the picture. Buildings that are designed to be energy 
efficient are often called �ecohouses�. These buildings and homes 
tend to have better insulation, tightly sealed windows and use 
natural lighting. Simple actions such as �xing draughty windows 
can help save energy in buildings (see other tips on p. 108). Making 
buildings more energy efficient can save energy and money over 
a lifetime. Best yet: �zero-energy� buildings are so well designed 
that they produce all the energy they need themselves, e.g. through 
solar or wind energy.

  APPLIANCES 17%  

  WINDOWS 10-25%  

  HOME   
  ELECTRONICS 9%    LIGHTING 10%  

  HEATING AND   
  COOLING 46%  

  WATER HEATING   
  13-17%  

  ENERGY USAGE AT HOME  Each year, electricity 
generated by fossil fuels 
for a single home puts 

more carbon dioxide 
into the air than  

two average cars
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  CONDUCTION  

  RADIATION  

  CONVECTION  

FORMS OF HEAT ENERGY AT HOME
Do you remember the different forms of energy discussed in Section B 
(p. 48)? At home, one example of energy can be found in the form of 
heat. Heat �ows from a hot to a cold object. More speci�cally, it can 
travel in three ways: conduction, convection and radiation. 

Conduction: Transfer of heat occurs when two solid objects of 
different temperatures are placed in direct contact with each other. 
Heat energy of the warmer object moves into the cooler object until 
both objects have the same temperature. For example, you decide to 
touch the handle of the pot after it has been placed onto a stovetop 
for several minutes and now the handle is hot too. This happened 
because heat was conducted through the portion of the pot in 
contact with the stovetop all throughout the rest of the pot.

Convection: Transfer of heat occurs in liquids and gases (�uids) 
when particles in liquid and gases move into an area of different 
temperature. Heat makes the liquid and gas expand and rise 
upwards. The hot liquid or gas gives up its heat energy to cooler 
parts of the liquid or gas. Air inside a room can be heated by 
convection. Taking a radiator as an example: it puts warm air (gas) 
out at the top and draws in cooler air (gas) at the bottom.
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Radiation: Transfer of heat in the form of radiation (waves) 
emitted by a hot object. This radiation is absorbed by a cooler 
body causing its temperature to increase. This is how radiation 
from the hot Sun reaches the cooler Earth and heats it up. When 
the Sun goes behind a cloud, the radiation is blocked and the Sun 
cannot heat the Earth as much. For example, when you place your 
cold hands over a warm �re, after some time you feel your hands 
are getting warmer. That is because the heat energy is transferred 
by radiation from the �re to you. 

Heat transfer at home
The problem with heat is that it transfers from warm to cold places 
and it can escape from your warm home to the cold outside or the 
hot heat from outside can get inside your cool home.  

In the following section we investigate how we can keep our 
houses as a nice temperature without using too much energy. 

  HEAT LOSS FROM AN UNINSULATED HOME  

  ROOF 26%  

  WALLS 33%  

  WINDOWS 18%  

  FLOORS 8%  
  DOORS 3%  

  GENERAL DRAUGHTS 12%  
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heat cannot travel through gases (like air). Insulation material also 
stops air from circulating and causing convection. 

Roof (or loft) insulation will stop heat travelling through by 
conduction and also stop air from circulating and causing convection. 

Double glazing are 
windows that have two 
panes of glass separated 
by a sealed vacuum or air. 
The gap prevents heat 
transfers by conduction 
and convection. The 
extra pane of glass will 
re�ect more light and 
heat radiation back into 
your home to keep it 
warm in cold climates, 
but it can also re�ect 
sunlight (radiation) to 
keep your house cool in 
hot climates. Some homes 
have triple glazing.

Curtains: Curtains trap lots 
of air between the fabric and 
window and stop the air from 
moving. The more air you trap 
between the fabric and window 
the better your curtains will 
serve as heat insulators. Curtains 
or window coverings are good 
for hot climates too as they 
provide shade from sunlight 
(radiation).

  Curtain  

  Warm  

  Window  

  Cold  

  Lining  

  Trapped layers  

  Air or inert gas  

  Low-emissivity coating  

0°

20°
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ENERGY FOR A  
BETTER WORLD

With so many different sources of energy, how come there 
is a shortage of energy in the world? The problem isn�t 
that there is a lack of energy, but rather that more than 
1.2 billion people do not have access to electricity. Almost all 
of the people without access to electricity live in developing 
countries � almost 90 percent of the people without access 
to electricity live in sub-Saharan Africa or South Asia and 
84 percent are in rural areas.  
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WHAT IS SUSTAINABILITY?
You probably hear a lot about sustainability, particularly talking 
about the environment. So, what exactly does it mean? It refers to 
the way in which we humans use the natural environment � doing 
so sustainably means acting responsibly about the products 
we consume to not damage the environment and maintain our 
resources (support plant, animal or human life). Making sure that 
our actions are sustainable means protecting our Earth for future 
generations, plants and animals so they can live well too.

Access to electricity helps to improve people�s lives, and it is 
crucial to win the �ght against poverty. In more advanced 
countries, issues of energy access are referring not to the 
physical access to the infrastructure and the grid but as a 
quality issue in terms of energy affordability, reliability and 
sustainability.
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ENERGY = DEVELOPMENT
In 2015, the United Nations set 17 goals, called the 
Sustainable Development Goals (SDGs), aiming to end 
world poverty, improve health and education, protect our 
planet, �ght climate change, and ensure prosperity for 
all by 2030. Making sure that more people have access to 
electricity is very important for achieving these goals. This 
is because there are clear links between access to energy 
and development. Let�s take a look at how achieving some of 
these goals depends on access to energy. 

You can read more about the Sustainable Development 
Goals here: www.un.org/sustainabledevelopment/
sustainable-development-goals/






































































































































































