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5INTRODUCTION

Why do we give so much space to the issue of energy 
in a book about climate change? Because production 
and consumption of energy is the core issue when it 
comes to climate change.

All production and consumption of energy aff ect the 
environment and our livelihood. Energy is something 
we need every day, usually without giving too much 
thought to it. But it is time to look closely at our ener-
gy consumption. So far, the world has been unable to 
fi nd solutions to cover our current energy needs with-
out jeopardizing the future of our planet. 

Most of the energy consumption today is covered by 
the use of fossil fuels. Thus, emissions from energy pro-
duction and consumption account for more than half 
of global greenhouse gas emissions, and this is the 
reason for the climate change that the world is facing.

For the development of a low-emission society, it is 
extremely important to fi nd new energy solutions 
in order to use energy diff erently than we do today. 
Climate friendly use of energy and resources is a key 
component of sustainable development. We want to 
help you understand how energy works and what op-
portunities and solutions exist to mitigate the eff ects 
of climate change. We want to help you understand 
how to deal with climate change. We want to help you 
become part of the solution.

There are tremendous opportunities to improve 
the way we spend our resources. This book is about 
what everyone needs to know in order to satisfy our 
energy needs without risking dangerous climate 
change. 

INTRODUCTION
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In this chapter, we off er you a deeper understan-

ding of the concept of energy. This understanding 

of energy is essential in order to use it more effi  -

ciently and smarter. 

Energy is so familiar in our everyday life that we often 
do not give it a second thought. Energy is involved in 
everything and exists in many diff erent forms. 

The word energy comes from a Greek word “energeia”, 
where “en” means — ‘in or within’ and “ergon” means 
‘work’.

The origin of the word off ers a good explanation of 
the concept of energy: energy is something within 
that makes things move. This is true for everything we 
see around us, and for the processes that go on inside 
every small atom. All natural processes imply transfor-
mation of energy, and humans have learned to control 
and use this energy for various purposes.

Discuss:  What have you used energy 
for so far today?

ENERGY: WHAT IT IS AND WHERE DOES IT COME FROM?1 

Did you know: 

If there were no energy, everything would have been frozen and motionless? Temperature is 

a measure of energy (moving atoms) in materials. With zero energy, temperature would have 

reached the absolute zero at –273º C (read more at 2.4.1).

How many energy-consuming activities can you see on the picture?
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1.1. WHAT DID ENERGY DO 

 FOR YOU TODAY?

Energy is a central part of our life. 
We all need energy, in one form or 
another, to live, work, and organize 
our societies. Our body needs the 
energy to function, and if you work 
hard, you will need more energy. In 
modern society, only a small frac-
tion of all the work is done manu-
ally. We use energy for cooking 
food, for heating and cooling, for 
all kinds of engines, light, and elec-
tronics — just to mention a few 
exa mples. 

The development of sources and 
forms of energy is closely linked 
with the development of societ-
ies. 100 years ago, electricity was 
practically unknown, but today it 
is powering most of our techno-
logies. Those who have access to 
electricity, cannot imagine a life without it: just think 
about all the communication devices that we depend 
on every day, from phones to TV. At the same time, 
1.3 billion people still live without electricity in their 
homes. 

As important as the energy per se is the way we use it. 
From early times, the campfi re was the main energy 
source for cooking, heating, and lighting. It works, but 
you must use a lot of wood to provide even a limited 
amount of light and heat. New technology can make 
use of such new forms of energy as electricity and gas, 
but this would also demand expensive technologies 
and building the infrastructure required to produce 
and distribute the energy. 

Camih lives in a village in Togo. Her village has no 
connection to the electricity grid, but the village 
has a solar panel that can charge cell phones. Her 
family uses kerosene lamps for lighting, and they 
cook on charcoal and wood. The school also has no 
electricity. 

Audun lives in Norway. As an average Norwegian, his 
family have use 20.000 kWh electricity per year. The 
electricity is used for lighting, heating, and cooking, in 
addition to various electric appliances like computers, 
TV, and charging cell phones. There are no problems 
with shortage or cutoff s, and the school is also well 
supplied with electricity. 

Discuss:  How does this situation impact 
their future?

Access to modern energy

In parts of Asia and Africa, many families cook their food on an open fire outside 

or inside the kitchen. The smoke creates many problems, including 7 million deaths 

annually according to the World Health Organization. This is more than is caused 

by illnesses like malaria and HIV/Aids. Many families must spend hours every day 

in order to collect enough firewood. 
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1.2. ENERGY — A SERVANT 

 FOR MANKIND THROUGH HISTORY

Since the strength of the human body is limited, 
peop le have used additional sources of energy for 
thousands of years. We used animal energy for trac-
tion, used the energy of water for mills, and used wind 
to swim. The use of energy has changed throughout 
history, as we have learned to use various sources of 
energy at work. 

The first industries depended on waterfalls, wind, 
and wood burning for their operations. Before the 
industrial revolution (in the UK and Europe since 
1750), industrial enterprises were located along 
waterfalls or where firewood was available. Around 
the copper and metallurgical plants, forests were 
depleted in large areas, since the need for char-
coal in the factories exceeded the natural increase 
in wood.

In some places, mineral coal was on the surface and 
was easily accessible. There are examples of how it 
was mined both in China and in Europe for millen-
nia. With the industrial revolution, everything has 
changed. Not only new technologies increased the 
production of consumer goods, but also allowed the 
extraction of coal from mines and transporting it 
over long distances.

In the coal industry, a lot of water is used to wash 
coal from soil and stone. Pumping water into the 
mines was an important but very difficult job. At 
first, this work was sometimes done with water 
wheels (if there was a river nearby), horses, or even 
manual labor. The first steam engines for pumping 
were built in the first half of the 18th century; they 
were caused by steam pressure from boiling water. 
The first machines were useful only in mines, as they 
required a huge amount of coal. Only 1–2 % of the 
energy of the coal burned was converted into the 
useful work of the machine.
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After 200 years, the era of steam 
engines came to an end. Engines 
with internal combustion of liq-
uid fuel are much more effi  cient, 
smaller, and more powerful. We 
now can fi nd them everywhere, 
from small garden equipment to 
cars and big ships. 

James Watt has become the most famous inventor of steam engines, while not for inventing the machine, but for making it 

more energy-effi  cient. When he installed his fi rst steam engine, he charged the mine an annual payment equal to one-third 

of the value of the coal saved with the new and more effi  cient engine. The increase in effi  ciency made it possible to use the 

machines also outside the mines. During the following 100 years, the coal-fi red steam energy became a power source at 

factories and on ships and trains. The steam engine grew from Watt’s modest variant of 10 horsepower (hp) output to more 

than 1000 hp. While the effi  ciency also improved, the steam engines were never very effi  cient. 

1000 Wt = 1,36 horsepower = 1 KWt

Task:  Ask your grandparents or some other people of age what kind 
of energy  they used when they were young, and how they managed such 
daily  needs as cooking, lighting, and transporting. 

Discuss:  Do you have 
any historical examples  
of using local energy 
resources in your 
municipality or region? 

Unlimited Energy Source

Metal Magnet

Perpetuum mobile is a machine that can run forever 

without any energy supply. This has been the ultimate 

goal for many inventors throughout history. Although the 

law of thermodynamics should convince the Perpetuum 

mobile inventors that this is an unattainable task, there 

still are many with big hopes for this course.
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(No 7) is to ensure universal access to modern ener-
gy for all by 2030. 

Electricity is produced by diff erent energy sources. 
Globally coal is the dominating fuel in the electricity 
sector, with 40 % of the global electricity produced 
from coal. Coal is burned to boil water, which then is 
converted to pressurized steam. Finally, a turbine con-
verts the steam to electricity (see chapter 1.4.5 elect-
ricity production). The effi  ciency is low, ranging from 
30 % in old power plants up to 50 % in the newest. 
The high consumption of coal means, that the power 
plants must be built close to coal mines, or they have 
the necessary coal delivery infrastructure available.

1.2.1. FROM STEAM TO ELECTRICITY 

After the era of steam engines, the next major leap 
was the introduction of electricity. Electrical phe-
nomena have been studied since ancient times; 
however, progress in understanding and practical 
use remained slow until the eighteenth century. 
Even then, applications for electricity were few, and 
only in the late 19 th-century electricity got com-
monly used in the industry and in homes. The rapid 
expansion in electrical technology transformed 
the industry and society. Today, 85 % of the global 
population has access to electricity at home. One of 
the United Nation Sustainable Deve lopment Goals 

The Amercentrale, coalfi red combined heat- and electricity producing plant in the Netherlands. 
Today it is partly converted to burn wood  

Task:  Discuss how electricity is produced in your country. 
What kind of environmental effects does the production 
have? Could it be produced in a different way?
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power, hydropower, and wave power are also renew-
able energy sources. 

Bioenergy originates from the sun with solar energy 
stored as carbon in green plants. Some species grow 
fast and can become a source of energy within less 
than a year. Most trees take many years to grow. Un-
der good conditions, a forest can renew itself in 30–
40 years. In less favourable conditions and with slow-
growing species, it can take more than 100 years. Due 
to reasons such as erosion, changing in micro-climate, 
lack of seeds, or other plants taking over space, some 
forests will never be able to renew themselves after 
they are cut down. Wood can be a renewable source 
of energy in it is harvested in ways that do no harm to 
the regeneration of the forest. Nonetheless, this often 
is not the case.

Some bioenergy resources regenerate even slower. 
Peat that is mainly partially decomposed plant ma-
terial is one example. Peatlands cover about 3 % of 
the earth’s land surface; most of those can be found 
in Asia, Europe, North America, and some tropical 
countries, Indonesia, for example. In these places, 
over thousands of years, peat has accumulated in 
thick layers. 

In the cold polar zone, peatlands contain on aver-
age 3.5 times more carbon per hectare than nature 
around. In the warmer boreal zone, they contain 
7 times more. The main threat for carbon release 

1.3. ENERGY SOURCES

Our main energy source is the sun. From the enor-
mous amount of energy released from the sun, only 
a small fraction hits the earth. Still, the amount of 
energy reaching the surface of the earth during one 
hour exceeds the need in the energy of the entire 
earth’s population in a whole year. Solar beams are 
energy-rich radiation that gives light and heat. We 
utilize solar energy in several ways. It can be used 
directly, or it can be transformed and stored in a dif-
ferent manner.

1.3.1. RENEWABLE AND NON-RENEWABLE ENERGY

All energy has the sun as its original source, one way 
or another, but it is common to divide energy sources 
into renewable and non-renewable energy resources. 
We consider renewable energy sources that renew 
themselves within a lifespan of human life. 

Direct solar energy is a renewable energy source. The 
sun shines today, and it will shine tomorrow. Wind-

Peat extraction in Ireland. Photo by Susann Warnecke, International Peatland Society
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from peatlands is the drainage of large areas of wet-
lands containing peat, mainly for agriculture and 
forestry. In Europe and North America, some peat is 
used as fuel to generate electricity, while some are 
used as an important ingredient for the cultivation 
of food crops and ornamental plants. In Indonesia 
and Malaysia, large areas of tropical peatlands have 
been converted into plantations of oil palm and pa-
per pulp trees. When peatlands are drained, peat is 
exposed to the air, where it decomposes and releas-
es carbon dioxide (CO2) to the atmosphere. Peat-
land fires and burning of extracted peat give rise to 
additional greenhouse gas emissions.

Our main carbon source is not renewable. It is an or-
ganic material, once-living plants, and animals trapped 
under the earth millions of years ago. Through high 
pressure and temperature under the earth, this or-
ganic material turned into what we now know as fossil 
fuels: oil, gas, and coal. When we have used fossil fuel 

World’s energy Consumption 
(Approximation)

resources, they will be forever lost for the upcoming 
generations. Unfortunately, those fuels make up the 
bulk of our energy consumption today. 
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1.3.2. DIRECT USE OF SUNLIGHT

With the use of modern technology, sun-
light can effi  ciently be captured and trans-
formed into usable heat or electricity. 

When sunlight hits a surface, it is trans-
ferred into heat. This means, that when 
sunlight, for example, gets into our 
houses through windows, we directly 
receive from the sun, without much ef-
fort, both light and heat. The heat will 
then be trapped within the house, but 
how well it stays there, depends on the 
insulation of the house. In cold regions, 
even when the outdoor temperature 
is far below 0° C, it is possible to have a 
comfortable room temperature as long 
as the sun is shining. The same eff ect is 
utilized in greenhouses to prolong the 
growing season. In chapter 3.2 you will 
learn about how heat from the sun is 
trapped in the atmosphere when we will 
discuss the global greenhouse eff ect. 

It is also easy to heat water using the 
sun. By circulating in a hose over a black 
surface heated by the sun, the water can 
reach whatever temperature needed 
for household use. A simple solar col-
lector can be made from a black metal 
barrel covered with a glass top to create 
a strong greenhouse eff ect that heats 
the water. 

Black tank for heating shower water in a country house in Russia

 In Kyrgyzstan, the environmental organization BIOM has trained villagers 

on how to build simple solar water heaters. This gave people warm water 

without having to cut down vulnerable forests around their mountain villages. 

Task:  Experiment with black and white objects in the sun and see how the colour 
infl uences the temperature. Discuss how the use of colour in different situations can 
infl uence our comfort.

Did you know: 

that colours that we see are a refl ection 

of light? In a rainbow, the light is sepa-

rated in diff erent colours, some of which 

bear more energy-rich than others. A black 

object  is black due to the fact that it does 

not refl ect light, while a white surface 

refl ects  all the light. 
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If a much higher temperature is needed, it is possible 
to concentrate the solar beams. This can be done with 
a magnifying glass or refl ecting mirrors. Concentrated 
solar power is used in small and simple solar cookers, 
but also to produce electricity in appliances ranging 
from small solar lamps to big steam turbines for elec-
tricity production. 

 In remote areas of Tajikistan, where local residents 

still do not have access to centralized energy sources, 

the environmental organization Little 

Earth is training women to build their 

own solar heaters, stoves and dryers 

for fruits and vegetables and installs 

solar panels. Thus, the Little Earth helps 

residents fi ght with energy poverty. 

Solar and kerosene lamps

Task:  Discuss how your family/local 
society could take more advantage 
of solar energy.

In today’s world, 1.3 billion people live without access 
to electricity. To build big power plants and transmis-
sion lines is costly and takes a long time. Many can 
cover at least a part of their needs by small solar off -
grid systems. A solar energy system can provide elec-
tricity 24 hours a day if the solar electric modules are 
combined with batteries that store electricity to be 
used when the sun is not shining.

One simple solution is a chargeable solar lamp that 
also can charge cell phones. For a family, it is much 
better to have this than no light at all. A lamp of this 
kind can also replace dangerous kerosene lamps.

E = mc2

Perhaps you have seen Albert Einstein’s 

famous equation E = mc²? 

In fact, this equation is most famous for being hard 

to understand. Take a minute and you will see that it 

explains the big question about where energy comes from.

In Einstein’s equation, E stands for energy and m for the 

matter. Energy and matter are connected, but m is much 

bigger. In the equation, the matter is multiplied with C2. 

C is the speed of light.

Since the speed of light is very high, almost 

300.000 kilometers per second, we understand that a little 

mass originates a lot of energy!

In fact, 1 gramm of matter converted into energy could 

cover the energy need of a small town for one year 

(2.6 billion kWh energy). 
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nal chemical factory. The process is known as photo-
synthesis, which is probably the most important bio-
logical process on earth. 

Carbon is the most common substance in the body of 
plants, and both animals and plants need large quan-
tities of carbon to grow. But where do plants get their 
carbon from? 

The carbon dioxide (CO2) gas makes a small part 
of the air (0.04 %). This gas is the combination of 
one carbon (C) atom and two oxygen (O) atoms. 
A lot of energy is needed to separate carbon from 
oxygen, and this is where the sun helps the plants. 
Green plants take the carbon dioxide from the air, 
capture the powerful sun rays, and use the sun’s en-
ergy to split the gas. The carbon atoms are used for 
building the plants, but the oxygen atoms, that are 
of no use for the plant, are released back into the 
air. Over millions of years, this process has released 
enough oxygen into the air to make it breathable 
for humans.

1.3.3. INDIRECT USE OF SUNLIGHT: 
 MOTION OF AIR AND WATER

Water, wind, and waves in their endless motion can 
be used to run mills or turbines to produce electric-
ity. The movement of water and wind is also based on 
solar energy. 

Solar beams that hit the earth are either refl ected, for 
example from water or snow, or transferred into heat. 
The solar beams travel through the air without heat-
ing it. But when the beams hit a surface and heat it, 
the heat also aff ects the air. Heated air is lighter and 
starts to rise. The heat also makes water evaporate and 
rise with the heated air. It is these temperature diff er-
ences that create wind and rain.

1.3.4. CARBON FROM PHOTOSYNTHESIS

The sun is the source of energy for all life on earth. For 
example, green plants grow on solar energy, as they 
are able to use light as an energy source in their inter-

The water cycle

Task:  Following the link you can learn 
how to build a plastic-bottle windmill. 
Build one on your own! 
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Building their bodies with carbon with the help from 
the sun, the plants also build up a storage of energy. 
When carbon is separated from oxygen, it also be-
comes an energy source. The vegetation around us 
has built up huge carbon storages. The most impor-
tant and easily available carbon energy storage is the 
forests. When plants die, the carbon atoms again con-
nect to oxygen atoms and circulate back into the air. 
The carbon energy is released by burning, or, in other 
words, decomposition, of organic materials. 

The main part of the energy we use comes from coal, 
oil, or gas. As we have read earlier, the origins of these 
fossil fuels can be tracked down to plants and animals 
that lived in the oceans millions of years ago. Within 
a historically short time span, human beings have got 
used to applying this energy resource for many diff e-

Photosynthesis

The carbon cycle

Did you know: 

That: about 90 % of the global energy demand is 

covered by burning carbon in the form of biomass 

and fossil fuels produced in photosynthesis? 
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rent purposes, and see fossil fuel as a nor-
mal part of our everyday lives. We use fossil 
fuels for running power stations, for heat-
ing and as fuel for cars. In doing so, we are 
releasing huge amounts of greenhouse 
gases with global warming as a result. You 
will read more about this in chapter 2.2.

Even though the use of fossil fuels is 
a modern phenomenon, human beings 
have used carbon-based fuel through all 
times. The wood that all over the world 
has been used through history to cook-
ing, or heat, or run factories is carbon-
based — or plant-based, if you like. About 
2.5 billion people in the world still depend 
on this traditional way of using biomass 
(fi rewood and charcoal) for cooking and 
heating. In most cases, this way of ener-
gy consumption gives low effi  ciency and 
generates a lot of smoke that creates 
health problems. 

It is absolutely feasible and highly relevant 
to use biomass in a more effi  cient way 
than this. Effi  cient stoves can reduce pres-
sure on forest resources, eliminate smoke 
problems, and reduce time or money 
spent on getting fi rewood or coal. 

Task:  Discuss how you, 
through your everyday activities, 
contribute to the CO2 pollution 
of the atmosphere caused by 
using fossil energy sources.

In many Asian and African countries, 
people still cook over an open fi re

The photo is from Nepal: an indoor stove made of clay and with a chimney 
will be much more effi  cient and reduce indoor pollution from smoke

Access to modern energy

In parts of Asia and Africa, many families 

cook their food on an open fi re outside 

or in the kitchen. The smoke gives many 

problems, including 7 million deaths 

annually according to the World Health 

Organization. This is more than is caused 

by illnesses like malaria and HIV / Aids. 

Many families must spend hours every day 

in order to collect enough fi rewood.
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feet, the ground has a stable temperature year-round. 
In climatic zones with cold winters and warm sum-
mers, this makes perfect ground “heat storage”. In cold 
winter days, heat can be extracted, and in warm sum-
mer days, it can give free cooling. 

1.3.5. GEO-THERMAL HEAT

The earth’s crust is a relatively thin layer of solid rock 
floating on hot liquid magma with a temperature of 
several thousand degrees. In fact, 99 % of our planet 
has a temperature of more than 1000 degrees Cel-
sius. In some places, the thin crust breaks up and 
the lava bursts out from inside through volcanoes, 
while in other places we can find hot springs. Ice-
land, the Kamchatka Region in Eastern Russia and 
the African Rift Valley are examples of places where 
the heat is so close to the surface that the energy is 
easy to utilize.

On Iceland, geothermal water is also used directly to 
heat around 90 % of Iceland’s homes and keeps pave-
ments and car parks snow-free in the winter. 

Ordinary ground temperatures can also be utilized 
for heating and cooling in combination with a heat 
pump. At the depths from 10 to 200 meters below our 

Blue Lagoon, a hot spring in Iceland

A geothermal heat pump 
can provide heat as well as cooling
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1.3.6. NUCLEAR ENERGY

As we have seen in Einstein’s 
famous equation (E=mc2), the 
matter can be transferred into 
energy. The problem is to get 
the process started and to keep 
it under control. 

Some elements in nature are 
known to be radioactive, which 
means that they are giving away 
energy-rich radiation (rays). Ura-
nium is one of these radioactive 
elements. It can be mined and 
artifi cially enriched to make 
a nuclear bomb. Uranium can 
also be used in a controlled pro-
cess at a nuclear plant to pro-
duce nuclear energy. 

The energy in a nuclear plant 
comes from splitting the nu-
cleus of an atom into smaller 
parts. What is left will be a little 
bit lighter, since a fraction of the 
matter has turned into energy. 

This process will leave radio-
active waste that will be dan-
gerous for humans for up to 
250.000 years. At the same time, 
there is the danger of losing 
control of the process and spill-
ing radioactive substances. The 
radioactive materials involved 
make nuclear power highly con-
troversial and the need for safety 
measures makes it expensive. 

The energy from the sun is the result of a diff erent type 
of nuclear activity. Instead of splitting atoms, two light 
hydrogen atoms fuse together to form helium. The fu-
sion process releases huge amounts of energy; in its 
core, the sun is transforming 620 million cubic meters 
of hydrogen to helium every second. 

The new atom is a bit lighter since a fraction of the 
mass is transformed into energy. This is a process with-
out dangerous radiation. A tremendous amount of re-
search eff orts has been made for making this process 
work on the earth, with the hope of providing endless 

Uranium mining is harmful to nature 
and a considerable source of radioactive pollution

Nuclear Fission Nuclear Fusion

amounts of clean energy. The challenge is to over-
come the forces between the positively charged nuc-
lei, which prevent them from getting close enough 
to collide and for fusion to occur. To get the process 
running, atoms have to melt together, which requires 
a starting temperature of about 100 million ° C. Al-
though a lot of research has been implemented in 
labo ratories all over the world, and positive results 
have been achieved in the laboratories, so far there 
are few signs that it is possible to apply this technol-
ogy outside the laboratories in an aff ordable big-scale 
way in the foreseeable future.
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in the gas into heat. The heat makes the water boil. 
When you turn off  the gas, the hot pot standing in 
the kitchen will gradually cool down. The heat energy 
moves away from the pot and disburses into the room. 
The room has become a bit warmer and no energy has 
been lost, but it has become less useful to us. 

In physics, we can sum up these important properties 
of energy by two basic sentences, known as the fi rst 
and second law of thermodynamics:

The laws of thermodynamics 

(the two main laws of energy)

1st law 2nd law

Energy can neither be 
created nor destroyed.
 The total amount of ener-
gy in the universe remains 
constant.

At every transformation, 
the energy quality 
(usability) is reduced.

These laws are important to keep in mind when we 
discuss the effi  cient use of energy. Using energy ef-
fi ciently is all about not wasting energy quality. The 
higher the quality, the more useful is the energy, but it 
is also more demanding to produce. Electrical energy 
is one example of the energy that is of high quality, 
which can be used for almost all purposes. When it is 
possible to use low-quality energy, we should avoid 

using high-quality energy. Reducing the 
number of transformation steps will also 
help to preserve the energy quality. Every 
time something happens, the transforma-
tion of energy is involved. The big chal-
lenge is to fi nd available energy in our 
surroundings and make use of it, avoiding 
too many los ses and emissions. 

Tas k: 

What is your best trick to keep 
your drink cool during a warm 
day? Or to keep the coffee warm 
during a cold day?

1.4. FORMS AND TRANSFORMATION 

 OF ENERGY

In everyday life, we say that we use energy. However, 
scientifi cally, this is not the case. Energy can never be 
used up; it cannot disappear or be created. When we 
think that we have used energy, is has not disappeared, 
but only changed into a new form. Now we will intro-
duce you to some important features of energy that 
will help you understand why it is so important to use 
energy effi  ciently. 

1.4.1. THE LAW OF THERMODYNAMICS.
 THE ENERGY DOES NOT DISAPPEAR

If energy never disappears, does it mean that we have 
endless amounts of energy? Actually, it does! There is 
one challenge, though. It is only when we transform 
energy from one form to another that energy is use-
ful to us. When we say that we produce or consume 
ener gy, we are, in reality, just transforming energy 
into a new form. But at each transformation of energy, 
some of its quality or usefulness is lost. 

One example: to cook a meal you need to heat water 
to its boiling point of 100º C. To produce that heat, 
you can burn gas and transform the energy bound 

Illustration used with permission from Tom Swanson

Did you know: how to produce heat?

Temperature is a measurement of energy. When energy is added to any material, the temperature, as measured by a thermo-

meter, increases. In the example above, burning gas adds energy to the water and the temperature rises to the boiling point 

of 100º C. The additional energy makes the atoms vibrate. The more energy, the stronger the vibrations are. In the end, 

the vibration can be so strong that water goes from liquid form to gas and metal changes from solid to liquid form.
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1.4.2. NATURE’S TRICKS TO GET HEAT MOVING

Heat is always moving from warm to cold, but how does it move? Here we present the four ways for heat to escape 
and some typical counter measures. 

How does heat move Effi  cient counter measures

1. Radiation

All objects warmer than the surroundings are sending out 
energy via invisible infrared radiation. The infrared radia-
tion, just like visible light, goes through the air and normal 
glass but is stopped when it hits any solid material. When 
you stand next to a very hot surface, you can easily feel 
the warm radiation. Also, a less warm object, such as the 
human body, radiates heat. This is not so easy to feel but 
with a special thermographic camera, it can be seen. 

Windows are often the weakest part of the building 
when it comes to stopping heat transportation. All four 
forms of heat transportation can apply to windows. 

Low E-glassing stops much of the radiation losses. This is 
glass with a very thin metallic layer that refl ects the heat 
radiation (infrared specter) but not the visible light.

When cooling down, you will see the opposite, which 
explains the water drops that quickly appear on a cold 
bottle when it is warm outside. The air close to the bottle 
fast gets colder and makes the molecules of the air move 
more slowly; in fact, they move slow enough for the hyd-

Thermoexchange
Initial state Final state

Copper plates

Heat goes from a warm body to a cold one

Gas molecules go from high-pressure area to low-pressure one

rogen and oxygen molecules to unite and form 
water. This process is called condensation.

In nature, heat diff erences are caused by heat 
from the sun or from something burning. The 
heat diff erences are always temporary, as na-
ture has a strong drive to reduce diff erences. 
With no diff erences in temperature we would 
have reached stability, but then we would also 
have no possibilities to harvest useful work 
from the energy transformations. 

To feel comfortable, we often try to combat 
the strong natural urge to move energy from 
hot to cold or from cold to hot. We like to ad-
just the temperature inside a building to avoid 

freezing or overheating. To achieve this requires ef-
forts and therefore energy. If we give up our attempts 
to make the diff erence between cold and the warm 
air, then nature will ensure that a state of equilibrium 
is reached, eventually.

What happens before you can turn on your light? 

One example goes like this:

— The sun (energy source) radiates light (energy carrier), which hits the soil 

and transforms into heat;

— The air heats up and causes movement (wind);

— The wind turns the rotor of a wind turbine;

— The generator in the turbine transforms the movement into electricity;

— The electricity is transported via cable to your house;

— The electricity is transformed into light (energy service) 

in the light bulb;

— And where will the energy in the light from the bulb end up?

Task: 

Go backwards and fi gure 
out, as many as you can, 
the conversions and trans-
portation of energy that 
are involved in providing 
light in your room 
(see example in the box). 
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examp le, light, springs, electrical batteries, hydro-
gen, petroleum, coal, wood, and natural gases. Wa-
ter also can be an energy carrier. When it is heated 
by an industrial process, it can carry the excess heat 
to houses and release it there so that the inhabi-
tants can stay in warmth.

2. Conduction

When the solid matter is warmed up, it will transport the 
heat through the material. Diff erent materials have very 
diff erent abilities to conduct heat. In general, heavy ma-
terials easily transport heat and light materials do not.

This you can experience yourself by putting a metallic 
and a plastic spoon in a cup with hot water. 

Metal, reinforced concrete, and stones are heavy build-
ing materials that easily transfer heat. Bricks and clay 
are more resistant to heat transfer, while wood has low 
transportation capacity. Air has very low transportation. 
A layer with much air will prevent heat losses (wool, 
mine ral wool, expanded polyester, etc.) but will lose the 
eff ect of insulation if the air moves (see convection). 

3. Convection 

Heated air expands and rises, while cold air contracts and 
lowers. This makes air circulate. In the space between a 
warm and a cold wall, this creates circulation and trans-
fer of heat from the warm wall to the cold one.

Wool is a good insulator because it is airy and the fi -
bers reduce the air's ability to circulate and remove 
heat. A woolen sweater warms you up until the wind 
starts to blow. Then you will need a windbreaker to 
maintain the insulating properties. Between the two 
panes in the double window, air can be replaced by 
other gases, such as argon, which move more slowly 
and reduce heat transfer.

4. Advection

All substances or liquids have a specifi c embodied en-
ergy, the energy used to reach a certain temperature. 
When such substances are moved in bulk, the embod-
ied energy will be lost. The most common example is 
conditioned air, which can fl ow out or be ventilated 
and replaced with new air that needs to be heated or 
cooled.

To reduce air loss, it is important to insulate the build-
ing. In order to have a good indoor climate, it is neces-
sary to replace all the air used (with breathing CO2) with 
fresh air. A ventilation system with a heat exchanger can 
recover the energy you lose by releasing used air at the 
outlet, conditioning the fresh air at the inlet.

In addition, the energy of hot water from the shower can 
be restored by using it to pre-heat fresh cold water. 

1.4.3. ENERGY TRANSFORMATIONS AND CARRIERS

To be able to use the energy in the form we need it, it often involves transportation and transformation of energy. 
There can be many steps from source to use before the actual energy services are at our disposal.

Energy Transforming process
New form 

of energy

Description 

of the transformation

Petrol Burning Heat During burning (exploding) petrol, a rapid 
and strong increase in heating occurs.

Heat Air expansion Movement Heat causes expansion(of the air), which 
pushes the piston and rotates the engine, 
providing speed to the car.

Movement Friction (Breaking) Heat Braking the car reduce speed but creates 
heat released into the environment. 

An energy carrier does exactly as its name explains: 
it does not produce energy itself but carries ener-
gy from one phase to another. It contains energy 
that can be later converted into other forms, such 
as mechanical work, or heat, or to operate chemi-
cal or physical processes. Such carriers include, for 
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or less suitable for transferring heat to food inside. 
Finally, your culinary habits will aff ect your ultimate 
ener gy needs. 

From this, we can understand that how the energy 
system is confi gured and what technologies are 
used, plays a huge role in determining how much en-
ergy is required and what environmental impact will 
depend on energy consumption. Later you will learn 
more about how to get more useful services with less 
energy.

Discuss:  Which energy services does your 
school need? Are there any differences 
between the energy services you use 
at school and at home? Below you can see 
a table of common energy services. Find 
examples on different ways to provide 
the energy services in the list. 

1.4.4. ENERGY SERVICES

We need energy for heating, cooling, lighting, trans-
portation, electronics, and any other activities that 
you can imagine. The practical use that we get from 
the use of energy is what we call energy services. 
Electricity, oil, fuel and wood are not attractive as 
such, but they are all necessary sources for providing 
us such energy services as the light, heat or transport 
that we want.

It is possible to provide a given energy service in diff er-
ent ways, for example, using diff erent energy sources. 
It also be done in a way that requires a lot of energy or 
in a more effi  cient way that provides the same useful 
service but with less energy use. 

Cooking can be done on wood fi re, by burning of gas, 
by using electricity or a solar cooker. For each energy 
source, you need a specifi c type of stove that can be 
more or less effi  cient. Also, the pot used can be more 

Types of energy services: Examples: /Alternative ways to produce the service

Lighting

Heating

Cooling

Movement/transport

Information/communication

Chemical processes
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1.4.5. ELECTRICITY PRODUCTION

Access to electricity is necessary for many 
types of energy services, such as using all sorts 
of electronic equipment such as computers, ra-
dio, TV, telephones, and also in a big number of 
production processes. Even when other forms 
of energy could provide the same service, elec-
tricity does it more effi  ciently. Therefore, elec-
tricity is a great deal used for light, cooling and 
small motors. 

Electricity is a high quality form of energy, and 
electricity production is expensive. Quite often, 
a lot of energy is lost in the process. 

All kinds of energy sources can be converted 
into electricity. Electricity is generated in two 
ways, which you can read about in the presen-
tation below.

Electricity is generated when copper coils are 
rotated in a magnetic fi eld. This is what hap-
pens inside a generator. 

In order to produce the mechanical rotation 
that the generator needs we can use a turbine.

A turbine is an advanced form of a propel-
ler or mill that can be driven by wind energy, 
running water or hot steam from boiling wa-
ter. In order to produce hot steam, we need an 
energy source, which can be a fossil fuel (coal, 
natural gas, oil) or wood. Heat can also come 
from nuclear energy, geothermal heat from the 
earth, or concentrated solar energy. Regardless 
of which energy source is used to drive the tur-
bine, the basic principles of power generation 
are the same. 

Electrical generator 

Various kinds of turbines:
1–2 — Wind turbine, 3 — Turbine of hydro power plant, 4 — Turbine of jet aircraft
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Today, most of the electricity is generated at large po-
wer plants using this method and burning fossil fuels.

A station for refueling vehicles with biogas in Finland

Then the electricity is distributed along the power 
lines that make up the electrical network.

To rotate the genera-
tor, we can also use an 
engine driven by some 
type of fuel (fossil fuel 
or biofuel). This is what 
happens in a diesel gen-
erator set. Diesel gen-
erator sets are used in 
places where there is 
no power system or as 
a backup if the power 
grid fails, but their effi-
ciency is very low. 
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Photoelectrical process

Electricity is generated directly from sunlight when 
light hits a special semiconductor material that is used 
in solar cells. Crystallized atoms ionize and trigger an 
electric current Crystallized atoms ionize and trigger 
an electric current. 

Solar panels are small blocks, often used for small 
distributed power generation. They can be used to 
power the watch or calculator, lighting device, or to 
charge the battery. Outside the existing grid, using so-
lar panels is the easiest way to provide electricity. To 
have electricity after sunset, you must have batteries 
or other storage systems.

Also in places where traditional power is available, 
solar panels are becoming increasingly popular. Hom-
eowners can put them on the roof and produce elec-
tricity for their own needs. When connected to the 
network, surplus products on sunny days can be sent 
to the network and bring family income. Prices for so-
lar panels have fallen sharply in recent years. The cost 
of solar PV modules has fallen so much that it is now 
competitive with mains electricity.

Solar panels on the roof of a hospital in Ulyanovsk. Photo: Lisa Udilova

Solar panel

Solar cell

Simple electrical circuit with solar panel
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Electricity from the sun

Solar electricity can be produced either directly using 
solar panels or in power plants where sunlight is con-
centrated to boil water for a steam turbine. In sunny 
regions, this is a promising way to generate electricity. 
Covering nearly 2 % of the earth’s surface, the Sahara 

desert can supply electricity equal to global consump-
tion. On the pictures below you can see the fi rst solar 
power plants operating in Spain, where mirrors re-
fl ect and concen-trate heat in the central tower, and 
in the United States, where concave mirrors concent-
rate heat on a long pipe. 
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Energy release during burning can occur slowly, for 
example, during the decomposition and digestion 
of food. But it can also happen quickly, as when 
burning wood and coal. Sometimes energy is re-
leased very quickly, as in a gas explosion. 

Learning to control fi re was the fi rst huge technologi-
cal breakthrough of mankind. It made it possible to 
get heat in cold nights, light in the dark, and the fi re 
was used to clear an area for vegetation. The most im-
portant were the possibilities to cook food. Cooking 

1.4.6. BURNING: UTILIZATION 
 OF ACCUMULATED SOLAR ENERGY

Burning is the reverse process of photosynthesis. Heat 
and light from a bonfi re is just stored solar energy. In 
the process of burning, the carbon again combines 
with oxygen from the air. The solar energy that once 
was required to split CO2 to allow green plants to grow 
is released back from the wood to the atmosphere 
during the burning process. This reunion of carbon 
and oxygen is also known as oxidation. 

Carbon cycle in the food chain

Did you ever notice that inside a heap of fresh grass it 
can get quite hot? Burning does not necessarily mean 
that there is a fi re. When organic materials, such as 
grass, begin to decompose, the carbon in the organic 
matter again connects with oxygen in the air. This pro-
cess releases energy and explains heat. The energy in 
our body is also the result of combustion when our 
food is digested. Our body breaks down hydrocarbon 
molecules into smaller components that our body can 
utilize, and just like fi re, our body needs oxygen to 
support this process. 

meat and vegetables make the nutrients easy for us to 
digest. Without the possibilities for cooking, our diet 
would be very diff erent. Depending only on raw food, 
the fi rst humans used most of the day eating to get 
enough energy.
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The effect is measured in watts (W). It shows how 
much energy is currently being converted. Electri-
cal equipment is rated in watts. The light bulb can 
be 40 W, and a water heater can be 1000 W. Car en-
gines used to be rated in horsepower, but now they 
are also measured in the international kW standard. 
(k=1000).

To fi nd out how much energy you are consuming, you 
need to take the eff ect currently used (W) and mul-
tiply it by the time during which it works. If you use 
an electric heater with a nominal eff ect of 1000 W per 
hour, you consume 1000 W/h or 1 kWh.

When comparing the diff erent energy sources, it is 
also important to remember the quality of energy de-
scribed in chapter 1.4.

1.5. MEASUREMENT OF ENERGY

As we have seen, energy appears in many diff erent 
forms. To measure energy, we need a common stan-
dard unit that makes it possible to compare diff erent 
sources of energy. How much electricity do you need 
to do the same work as one liter of petrol? And how 
big pile of fi re wood do you need to collect to get that 
same amount of energy? 

The standard international unit for measuring energy 
is Joule (J). One J is the same as the work required 
to produce one watt of power in one second. This is 
a very small unit and is mainly used in science. 

In everyday life, we prefer to use kilowatt hours (kW). 
This is basically the same, but instead of dealing with 
one watt, we use 1000 (k), and instead of one second 
we are talking about one hour (h). 

1 kWh = 1,000 W × 3,600 seconds = 3,600,000 J. 

The energy content in diff erent energy sources measured in kWh: 

 A hard-working man produces 0.5 kWh/day.

 A strong horse produces 5 kWh/day.

 1 kWh is required for heating 1 liter of water from 20° to 100° C.

 Lifting 1000 kg to 367 m demands 1 kWh.

 1 liter of oil contains 10 kWh.

 1 kg wood contains 3–4 kWh.

 Strong sunshine falling on 1 m2 in for one hour contains 3–4 kWh.
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The health of the planet is important to us and cru-
cial for future generations. Human activities are in-
creasingly interfering with ecosystems. Day after day 
we build new houses, expand our cities, grow food, 
produce various goods and transport them from one 
place to another. All this leads to changes in the envi-
ronment and aff ects the nature around us.

On top of all this is climate change, which further stresses 
the delicate mechanisms of ecosystems and exacerbates 
already ongoing negative processes. Even if we know 
that climate change is occurring, and we have alarming 

reports from scientists about a bleak future, if we don’t 
act now, the Earth’s population still cannot act together 
to reduce global greenhouse gas emissions. 

We have only one planet Earth, a planet exception-
ally rich in nature. Many diff erent and fi nely tuned 
ecosystems are all adapted to the conditions given in 
diff erent places on the planet. Usually we think little 
about it, but every day we depend on a wide range of 
resources that we receive from the nature around us. 
Now you will read about how we damage the nature 
on which we depend.

THE CHALLENGE2 

Rainforest with rich biodiversity
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All over the world we see that wellbeing of ecosystems 
is at risk. The international society of scientists has es-
tablished that global climate change increases the fre-
quency and intensity of climate-related disasters, such 
as fl oods, fi res, and droughts, and causes ecosystem 
degradation. This in its turn reduces the resilience of 
ecosystems and human societies against the impacts 
of climate change and the increased risk of disasters. 
Ecosystem degradation reduces the ability of natural 
systems to take up carbon, which, for example, is the 
case when a forest grows and prospers. Degradation 
of ecosystems may instead increase the release of car-
bon, as we saw in the case of drainage of wetlands, 
thus exacerbating the downward spiral. Unwise use of 
ecosystems by human beings aggravates this vicious 
cycle as it is illustrated below.

2.1. Ecosystems at risk

Not only humans, but all animals and living organisms 
are part of and depend on the nature around us. Na-
ture consists of many ecosystems, which include all 
living things in this area, interacting with each other, 
as well as with their inanimate environment. Humans 
are one part of ecosystems. Indeed, in many regions 
people are the dominant organism. However, like all 
other species, our well-being depends on the well-be-
ing of nature or the ecosystems that we surround. Na-
ture and ecosystems may well be valued on their own, 
without further discussion of their value to human life. 
Nevertheless, a thorough explanation of how depen-
dent people are in ecosystems helps us to understand 
that caring for the well-being of nature is extremely 
important for us as well.

Ecosystems provide us with food, energy, medicines, 
fi bers and building materials, and they help regulate 
the quality of soil, air and water. They also give us op-
portunities for relaxation and entertainment. These 
relationships sound simple, but in reality they are ex-
tremely complex. The benefi ts that people get from 
ecosystems are called ecosystem services. 

Schematic presentation of the ecosystem services selected by UNEP as categorized 
in the Millennium Ecosystem Assessment (regulating, provisioning, supporting and cultural services).

Task:  Use the illustration to discuss and 
develop a list of ecosystem services that you 
can fi nd within 5 kilometers of your school. 
When we summarize the most important 
threats to our planet, land- use change, 
which leads, for example to loss of habitat, 
pollution and excessive consumption, comes 
on top along with climate change. And all 

these threats also negatively af-
fect each other. In our book, 

we look more at global cli-
mate change, but it is a 

fact that the impact 
of other  threats on 
our planet exacer-
bates global climate 
change. 
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To some extent our industrial capa-
city and increased use of energy in 
the production can compensate for 
losses in ecosystem services. Agri-
cultural production can be main-
tained through the addition of fer-
tilizers and through new crop vari-
eties, even while the productive po-
tential of the ecosystem is degraded 
due to soil erosion. Some 40 percent 
of agricultural land has strongly or 
very strongly degraded in the past 
50 years due to erosion, salinization, 
compaction, nutrient depletion, 
biological degradation, or pollu-
tion, even while overall global food 
production has increased. However, 
once a critical level of soil degrada-
tion is reached, agricultural output 
will decline. 

Task:  Discuss if there 
are any threats against 
the benefi ts you receive 
from ecosystem services 
in your municipality. 

The picture is in many ways gloomy. 

The International Panel on Climate Change in its Fourth Assessment Report (AR4) projected that “The resilience of many 
ecosystems is likely to be exceeded by 2100 due to an unprecedented combination of a change in climate, associated disturbances 
(e.g., fl ooding, drought, wildfi re, insects, ocean acidifi cation), and other global change drivers (e.g., land-use change, pollution, 
over-exploitation of resources).” 

Tundra, boreal forest, mountains, Mediterranean-type ecosystems, mangroves and salt marshes, coral reefs, and the sea-ice 

biomes are amongst these vulnerable ecosystems. Substantial changes in the structure and function of terrestrial, freshwater, 

and marine ecosystems are very likely to occur. In particular, 20–30 % of species assessed so far are likely to be at an increasing 

high risk of extinction as global mean temperatures exceed 2 to 3º C above preindustrial levels. If the temperature increases by 

more than 4º C, few ecosystems will be able to adapt, and more than 40 % of global ecosystems are projected to be transformed, 

while major extinctions will occur around the globe. (This text is taken from UNDP brochure 02-09, Copenhagen Discussion series 

on Ecosystem Management.)

Landslide in Upper Svaneti, Georgia 9th March 2018

Coastal degradation in Togo as a consequence of climate change
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tions in a region, such as temperature, air pressure, 
humidity, precipitation, sunshine, cloudiness and 
winds, throughout the year. To describe the climate, 
we normally use average measurements over the last 
50 years. Climate is very diff erent around the world, 
depending on how far you are from the equator, how 
far you are from the oceans and high mountains, and 
the vegetation also has its infl uence on climate.

2.2. CLIMATE CHANGE

Before we discuss how and why our global climate is 
changing, we will present here information on weath-
er, climate and atmosphere.

2.2.1. WEATHER AND CLIMATE

Just by looking outside, you can see what the wea-
ther like today is. Is it wet or dry? Is it hot or cold? 
Is the sky cloudy or clear? Is it windy or not? Then you 
can ask yourself if the weather you see today is typi-
cal for the season. To be able to answer yes or no, you 
need to know what the typical seasonal weather in 
this place is.

To fi nd out, you could ask some local older person 
who has already witnessed many seasons, or check 
the weather records for previous years. The word “cli-
mate” means the generally prevailing weather condi-

Climate zones of the world

Biosphere by Vernadsky 

Academician Vladimir Vernadsky described how life 

itself changed the conditions on earth already in 1930. 

He studied the biosphere as a whole and how energy 

and nutrients flowed through the system. He also 

described how, by changing the environment, people 

can influence living conditions on a global scale.

Only in 1970, when UNESCO launched the “Man and 

the Biosphere” program, the concept of “biosphere” 

became generally known.
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would’ve been little or no free oxygen for animals to 
breathe, nor enough to form a protective ozone (O3) 
layer in the upper atmosphere. 

It is the delicate balance among the biosphere, atmo-
sphere, earth’s crust, and the oceans that have kept 
the earth habitable over a long time. 

2.2.2. THE ATMOSPHERE

The atmosphere is the gases that surround Earth. So, 
the atmosphere is the same thing which we in our 
daily language call just air. The atmosphere started 
to build up around 4.5 billion years ago. Gases escap-
ing through volcanoes made an envelope of the at-
mosphere around the young planet Earth. That fi rst 
atmosphere was very diff erent from what we have to-
day. It was dominated not by oxygen, but by carbon 
dioxide.

Soon after the emergence of the fi rst life 
more than 4 billion years ago, the activities 
of organisms began to infl uence the com-
position of the atmosphere. The byprod-
uct of photosynthesis, free oxygen, has 
become the dominant component of the 
atmosphere. Over the past few hundred 
million years, the amount of CO2 in the at-
mosphere has decreased from high levels 
and has stabilized near its present low level 
of 0.04 % of the atmosphere. 

Without the byproducts of crucial biologi-
cal processes such as photosynthesis, there 

Protection of the ozone-layer: a global success: 

A thin layer of Ozone (O3) protects us from dangerous ultraviolet sunlight. The 3 % or less that gets through is enough 

to give some of us skin cancer. Without the Ozone layer, life on the earth would have been impossible. 

Synthetic gases known as chlorofl uorocarbons (CFCs) became widely used in refrigerators and aerosol products. 

They were non-toxic and “good” products. However, their chemical stability allowed them to last long enough to drift 

into the stratosphere and cause damages. 

Before long, there was a hole in the ozone layer over Antarctica and concentrations were declining in other locations too. 

After years of research and industries’ denial of any connection with their products, a global agreement called the Montreal 

Protocol was signed in 1987 to ban the use of CFC. Now the CFC is replaced with less harmful gases that do not interfere 

with the ozone layer. 

The international agreement has been successful. The the ozone hole in Antarctica got reduced, and the global 

concentration of ozone has increased since 1993. 

The ozone layer must not be mixed up with ground level ozone formed in polluted air. On the ground ozone is causing 

health damages, reduce plant growth and contribute to the greenhouse eff ect. 

We can summarize a thesis: 
favorable conditions for life on the earth are created by the life itself. 

Layers of the atmosphere
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The atmosphere consists of different gases. The 
main components are nitrogen (78.1 %) and oxy-

gen (20.9 %), but it also contains small quantities of 
other gases and water vapor. 

We see that gases, which play a large role in the green-
house eff ect, are present only in small quantities in 
the atmosphere. Of these, carbon dioxide (CO2) is the 
most important, accounting for only 0.04 % of the at-
mosphere (400 ppm). There are also other very strong 
greenhouse gases present in very small quantities, 
such as methane, ozone, sulfur hexafl uoride, chloro-

fl uorocarbons and others.

Over the past hundred years, human activity has be-
gun to infl uence the composition of the atmosphere. 
By burning fossil fuels, releasing many new chemicals 
and changing the surface of the earth, we set in mo-
tion such large changes in the atmosphere. To cope 
with these negative consequences, we must change 
our lifestyle.

2.2.3. WHAT IS CLIMATE CHANGE?

Heat is the energy that power circulation of air and 
evaporation of water. The evaporated water forms 
clouds. When air is heated, it expands, gets lighter (less 
weight per m3) and rises. The rising warm and light air 
is replaced by colder and heavier air. This creates move-
ments of the air masses, which is how winds are created, 
and brings clouds and rain over long distances.

The Sun is the earth’s heat source. But we need more 
than just sunshine to enjoy the temperature we are 
used to on the earth. Around the planet, the atmo-
sphere has created a protective layer that regulates 
radiation from the sun and the earth’s temperature. 

Most of the sunshine easily passes through the at-
mosphere. When the sun's rays fall on the surface of 
the earth, the light turns into heat. It is easy to under-
stand when you put yourself in the sun and feel how 
the sunlight begins to warm you. All objects that are 
warmer than the environment lose heat from radia-
tion (infrared, invisible radiation). When the surface of 
the earth is heated by the sun, it immediately begins 
to radiate heat back into cold space or into the atmo-
sphere, if you want. 

Some of the gases in the atmosphere can refl ect this 
thermal radiation back to Earth. This creates a green-
house eff ect. Like window glass, gases in the atmo-
sphere let sunlight into the earth, but keep the heat 
radiated by the earth from escaping from the atmo-
sphere. Without an atmosphere, the temperature on 
Earth would be higher during the day and much cold-
er at night. Instead of the current average global tem-
perature of +15° C, land without atmosphere will have 
an average temperature of approximately –18° C.

Task:  Use four plastic bottles of the same size. Paint two of them 
in black. Fill all four bottles with an equal amount of cold water. 
Make a small mini-greenhouse using a cardboard box and plastic 
foil, and place the greenhouse in the sun under the open sky with 
one transparent and one black bottle inside. Put the two other 
bott les outdoors next to the greenhouse. Measure the temperature 
of the bottles several times and discuss the differences.

The composition of gases in the atmosphere
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Global growth of CO2 content in atmoshere emission 38 Fossil fuel emissions OR graphics on burning of fossil fuel
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in the atmosphere, the sun's rays still penetrate the 
earth, but most of the heat that is radiated back from 
the earth is retained within the atmosphere. As a re-
sult, our global climate is getting warmer.

The global temperature is rising, and now the Earth is 
on average 1 degree warmer than before the start of 
the industrial revolution. This has a huge impact, and 
below we present the various eff ects of global climate 
change.

The most pressing issue is that human activities have 
led to an increase in greenhouse gas emissions. The 
most important of these is carbon dioxide (CO2), which 
accounts for more than half the human impact on 
global warming. The atmospheric CO2 is small, but it 
has increased from less than 300 ppm (ppm), or 0.03 %, 
if you want, from the start of the industrial revolution 
to 400 ppm, or 0.04 % today. Other important green-
house gases that mature in the atmosphere are meth-
ane (CH4) and nitrous oxide (N2O). With this change 

Changes cause more changes

Water can take the form of an invisible gas — water vapor. This exists naturally 

in the atmosphere and it is a strong greenhouse gas. Together with clouds, 

water vapor creates around 2/3 of the natural greenhouse eff ect. 

As the planet gets warmer, more water evaporates and leads to even more warming. 

This is called a positive feedback loop, where warming causes changes that lead 

to even more warming. There are several similar feedbacks, some giving increased 

heating and some reduced.
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Flood in Bingley, Bradford, UK

Flood in the Blagoveshchensk district of the Amur region in 2013
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we may not even feel on our bodies experiencing the 
weather day by day can have a big impact on some 
species. If one species is aff ected, it can in its turn in-
fl uence other species and thereby aff ect whole eco-
systems.

 
Task:  Discuss if your local society 
vulnerable to potential climate change.

2.3.1. SEAS, ICE AND PERMAFROST

The seas of the world have a huge capacity to store 
heat, and much of the access energy from global 
heating is absorbed by seawater. Most know that 
the melting of ice sheets and glaciers leads to rising 
sea levels, but because water expands as it warms, 
also a rise in the seawater temperature causes sea 
levels to rise. 

2.3. EFFECTS OF CLIMATE CHANGE

Changes in gases in the atmosphere and global warm-
ing, which is the result of this, will certainly aff ect the 
climate throughout the world. The eff ects will be un-
predictable and vary greatly from place to place. Some 
will experience changes that open up new opportu-
nities, but unfortunately, it seems that most of them 
will experience changes with negative consequences. 
Greater heat will lead to more extreme weather condi-
tions, and the nature of the precipitation will change. 
Many will receive more than what is already enough 
for them. If it is already too hot, it can become hotter; 
if it is already too windy, it will be even windier, if it is 
too wet, it will be wetter and so on. Floods, droughts 
and storms are already occurring today in many places 
in the world.

All biological life is adapted to its local climate and en-
vironmental conditions. Small climatic variations that 

The melting over time of a glacier in Svalbard, Norway
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world’s glaciers in mountain areas, which in its turn 
can contribute to rising sea levels. Greenland con-
tains about 10 % of the world’s ice, and if the ice on 
Greenland melts completely, the global sea level will 
increase 11 meters during the thousands of years that 
this process will take.

In mountainous areas all over the 
world people can witness how glaciers 
are already shrinking. Starting from 
the middle of the last century, the gla-
ciers in the Pamir Mountains in Tajiki-
stan have reduced by 30–35 percent, 

including its largest Fedchenko glacier. UNEP, which 
is the environmental program of the United Nations, 
has estimated that 40 % of the world’s population 
could be aff ected by the loss of snow and glaciers in 
the mountains of Asia. 

Another danger caused by global warming is the 
melting of permafrost. This will change the Arctic na-
ture and aff ect the lives of indigenous people in these 
areas, but the permafrost also contains a ticking bomb 

For tens of millions of years, the acid-
ity level of the oceans was relatively 
stable, and all living organisms in the 
sea adapted to this pH level. After the 
start of the industrial revolution, the 
oceans absorbed 30 to 50 % of human 

CO2 emissions. When carbon dioxide dissolves in the 
ocean, carbonic acid is formed. This leads to an in-
crease in acidity, which has been shown to inhibit shell 
growth in marine animals and is believed to cause re-
productive dysfunction in some fi sh. Shell-forming an-
imals, including corals, oysters, shrimp, lobsters, many 
planktonic organisms, and even some species of fi sh, 
can be gravely aff ected. 

In the Arctic areas, the temperature increases at a dou-
ble rate compared to the global fi gures. Satellite data 
show that since the late 1970s, September Arctic sea 
ice extent has decreased by nearly 12 % per decade. 
The fact that this will have an enormous impact on 
the Arctic is easy to understand. It will infl uence the 
sea currents and all types of life from polar bears to 
fi sh stocks. Global heating has a severe eff ect on the 

Melting of Lyell Glacier, Yosemite National Park, USA
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for the climate. Huge amounts of strong greenhouse 
gas methane are trapped in the frozen wetlands of the 
Arctic. As the organic material starts to melt, it will de-

Prediction of future permafrost thaw across the circumpolar Arctic:
Red areas indicate regions thawed by 2050, orange areas thawed by 2100 
and yellow areas still frozen by 2100 (Vladimir Romanovsky, 2009)

compose and emit huge amounts of methane to the 
atmosphere. The result will be that global warming 
esca lates further. 

Did you know: 

That: permafrost covers around 63 % of Russia, 

50 % of Canada and 85 % of Alaska? 
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2.3.2. THE LOSS OF SPECIES AND BIODIVERSITY

Climate change alone is expected to threaten the ex-
tinction of about one quarter or more of all species on 
land by 2050, which exceeds even the loss of habitat 
as the greatest threat to life on land.

Millions of species inhabit the earth, 
and diff erent organisms interact with 
each other in diff erent ways. They 
compete for food and habitat, they 
eat each other, they live on each other, 
for example, parasites and fungi, they 

help each other disperse seeds and pollinate, talk-
ing about some of the organisms’ dependencies on 
each other. Some species make a unique or excep-
tional contribution to ecosystem functioning, and 
therefore the loss of these so-called key species is a 
serious problem. The decrease in the number of bees 
in the world is one example, as it aff ects global food 
production. The problem of extinction of other spe-
cies may not be so obvious, but there are many ex-
amples of the fact that if one small component in the 
biological system changes, the impact will be huge 
and unpredictable.

Task:   : Use some minutes to watch the 
movie about how reintroduction 
of wolves in Yellowstone 
National Park in the USA 
produced positive effects 
on the ecosystems of the park 
in many and unforeseen ways.

Discuss also if species have disappeared 
or are endangered in your region 
or country, and if there are any effects 
from this. 

2.3.3. IMPACT ON HUMAN LIVING

What is being described above is negative for the na-
ture itself, but also for human living conditions. Many 
can already feel the eff ects of climate change in their 
everyday lives, and diminishing amounts of freshwater 
is one of the severe impacts that people experience in 
many places.

There are several other ways climate change will have 
impacted on human living conditions:

 Food production

Heat waves, drought, fl ooding and changes in pre-
cipitation patterns already impact farmers all over 
the world and constitute a global food security emer-
gency today. 

For the world’s major crops (wheat, rice, 
and maize) in tropical and high-tem-
perate regions, climate change without 
adaptation is projected to negatively 
impact production when temperature 
increases by 2°C or more. After 2050, 

the risk of more severe yield impacts increases and de-
pends on the level of warming.

It is diffi  cult to isolate the eff ects of cli-
mate change from all other trends, but 
one recent Stanford University study 
estimates that an increase in global 
production of corn and wheat from 

1980 would be about 5 % higher if it weren’t for cli-
mate change.

Why are the honeybees disappearing?

Honeybees and wild bees are the most important 

pollinators of many of the fruits and vegetables we eat. 

Of the 100 crop species that provide 90 % of our global 

food supply, 71 are bee-pollinated. 

Over the last years, bees in the US and Europe have been 

dying at an alarming rate without anyone being able to 

tell what was wrong. Probably it is linked to less natural 

fl ower fi elds and the use of pesticides to kill insects and 

fungus. 
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are already moving due to changes in sea tem-
perature. In the Atlantic Ocean, mackerel moves 
further north, creating confusion regarding fishing 
rights and international stock management. As we 
discussed above, the increased acidity of seawater 
as a result of an increase in temperature can affect 
mollusks, which are also an important food source 
worldwide.

Climate change will in particular aff ect poor farmers. 
Changes in temperature and precipitation, increased 
fl oods and droughts will become additional challeng-
es to the ones they already have, and their ability to 
adapt is small. 

Extensive food resources in our oceans are also at 
risk due to climate change. Important fish stocks 

The IPCC stated in one of its assessment reports: “Agricultural production and food security (including access to food) 

in many African countries and regions are likely to be seriously compromised by climate change and climate variability 

(high confi dence). A number of African countries are already facing semi-arid conditions that impede 

agriculture, and climate change is likely to shorten the growing season and also push out large regions 

of marginal agriculture from production. The projected decline in yields in some countries could be up 

to 50 % by 2020, and net crop revenue could drop down by as much as 90 % by 2100, with small farmers 

suff ering the most. This will adversely aff ect food security on the continent ”.

Projected impact of climate change on agricultural yields
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 Human settlement 

A big share of the global population is already expe-
riencing extreme weather conditions, which are at 
times making their lives diffi  cult. 

In Tajikistan, climate change is touch-
ing many important aspects of human 
development and livelihood, and again 

Poor farmers in Africa are vulnerable to climate change. 
Photo by Julie Lunde Lillesæter, Diff er Media

Activists from Malaysia are drawing attention to the eff ects of climate change, 
which will lead to forced migration of residents. Island states are most at risk, 
as rising sea level will fl ood big territories

are poor and marginalized people are the most vul-
nerable to its impacts. Eve ry year the country suf-
fers from about 500 natural disasters. The social and 
economic impacts from natural disasters have been 
significant. During 1992–2016, disasters caused eco-
nomic losses of a total estimated cost of US$1.8 bil-
lion, and affected almost 7 million people. Melting 
of glaciers reduces access to water for drinking and 
irrigation, which also causes migration. 
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 Diseases/health

Higher average temperatures are likely 
to lead to hotter days and more frequent 
and longer heat waves. This can increase 
the number of illnesses and deaths as-
sociated with heat. Increasing the fre-
quency or severity of extreme weather 

events, such as storms, can increase the risk of hazardous 
fl oods, strong winds, and other direct threats to people 
and property. Higher temperatures can increase the con-
centration of pollutants harmful to air and water. Chan-
ges in temperature, precipitation patterns and extreme 
events can contribute to the spread of certain diseases.

 Increased confl ict level

We can also see that the number of human confl icts is 
increasing globally, due to food, water and land, when 
people begin to move in search of habitable areas. In 
the Ferghana Valley in Central Asia, one can already 
see how a decrease in water resources creates con-
fl icts between the three countries that share land and 
water in the region, and clashes between people from 
diff erent population groups are regular.

The same can be seen in many other countries. One 
example can be found in Somalia, where many fami-
lies have fl ed their country due to heavy drought of 
many years. 

One of the reports from the IPCC from 2014 stated that 
by the end of the century, “hundreds of millions of peop-
le will be aff ected by coastal fl ooding and displacement 
due to land loss”. It is also clear that the majority of the 
aff ected will be in East Asia, South-east Asia and South 
Asia. Rising sea levels means that coastal systems and 
low-lying areas will increasingly experience submer-
gence, coastal fl ooding and coastal erosion.

In Bangladesh, storms have already impacted as much 
as 100 km inland. Even a slight rise in sea level can 
have a big impact. If the sea in the future sometimes 
rises by 1.5 meters, then only in Bangladesh 17 million 
people will be fl ooded at homes. 

A family from the island state of Kiribati in the Pacifi c 
Ocean tried to apply to New Zealand for asylum based 
on rising sea levels due to climate change, but was re-
fused. One of the problems of the UN is that there still 
is no offi  cial status of a “climate refugee”.

The sculpture dedicated to climate refugees was created for the UN Framework Convention 
on Climate Change (COP23). Bonn, 2017.
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Let’s take another look at the graph of global energy 
demand showed earlier. When we look at the total 
global energy demand, we can notice that while the 
average per person consumption has quadrupled, the 
total global consumption has increased in more than 
20 times! In 1820, the world population was 1,1 billion. 
Today we are 7 billion. When both consumption per 
person and the total population are increasing, the to-
tal increase becomes immense. 

It is also important to note that there are huge diff er-
ences from country to country and region to region, 
when it comes to which energy sources are used, and 
also how much energy one person uses. In general, 
the countries that were industrialized early consume 
a lot of energy. The emerging economies, such as Chi-
na and Brazil, are also rapidly increasing their energy 
consumption, while many developing countries have 
low consumption. 

What really matters is not the energy consumption 
itself, but the eff ects of the consumption, both posi-
tive and negative. We have seen earlier that energy 
provides us with a number of useful energy services, 
such as light and heat. On the negative side, there is 

2.3.4. HOW DID WE END UP IN THIS SITUATION,
 AND WHAT SHOULD WE DO

How did we end up with this situation? We have seen 
that as new technologies and the industrial revolution 
spread, more and more people became dependent on 
coal, oil and gas. While in 1820 almost all energy con-
sumed was from wood, today fossil fuels cover more 
than 80 % of the global energy demand. Use of renew-
able sources, such as solar energy and wind energy, 
has grown much in many countries in recent years, 
but this still is a small part in the global statistics. 

Fossil fuels are stock resources, of which we have al-
ready used much of what is easily available. When we 
burn coal, oil and gas, not only we release CO2 that 
contribute to global warming, but we also create lo-
cal air pollution that causes several million deaths 
annually.

World Health Organization 2014: 

from seven million deaths caused by 

air pollution, about half are related to 

the use of fossil energy and one tenth 

from power stations. 

Total world energy consumption by source (2013)
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Our message is that no matter how you look at it, it is 
functional and important to use energy as effi  ciently 
as possible! As you will see in chapter 3 named “What 
you need to know to avoid climate change”, there are 
many ways to increase the useful services provided by 
energy, spending the same or less energy amount. 

Global warming is already taking place, 
and the world leaders have agreed 
that it is necessary to limit the global 
warming to well below 2° C above pre-
industrial levels and to aim towards 
limiting global warming to 1.5° C. This 

is a political goal and a compromise between what 
is possible to achieve and the risk associated with 
global warming.

the fact that consumption of fossil fuel results in CO2 
emissions causing global climate change. As we know 
the emissions have not been growing as fast as en-
ergy consumption. This is so because we use more of 
natural gas instead of coal, which is a cleaner source 
of energy, and due to the increased use of renewable 
sources such as hydro, wind and solar. 

It is also important to remember that fossil fuel is 
not the only energy source with negative outcomes. 
Hydro power plants can destroy precious nature, and 
many places have disputes over location of wind-
mills. Unsustainable use of forest will deplete natural 
resources, and nuclear power has several challenges 
when it comes to the potential for accidents, storage 
of waste and mining. 

World per capita energy consumption

Household electricity use

Task:  Find out what the total energy consumption is in your country. 
Which sources does the energy come from? 
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Even if we stopped all emis-
sions today, the warming 
would continue, because 
the greenhouse gases emit-
ted into the atmosphere 
will stay there for some time 
and continue the warming. 
Various greenhouse gases 
have diff erent lifetimes. CO2 
has one of the longest and 
when emitted to the atmo-
sphere, it is likely to stay 
there for 30 to 90 years. 

The higher the temperature 
increase, the higher the 
likelihood that we will ex-
perience a series of changes 
that will create the so-called 
positive feedbacks that 
can bring global warming 
out of control. Such self-
enhancing processes are, 
for example, methane emis-
sion from permafrost thaw-
ing, reduction of snow and 
ice cover, which will reduce 
light refl ection and retain 
heat, changes in ocean cur-
rents and increased evapo-
ration, leading to a higher 
content of water vapor in 
the atmosphere.

Task:  Investigate global emissions at the website of the World Resource 
Institute (WRI) using WRI’s CAIT Climate Data Explorer at www.wri.org. 

GREENHOUSE GAS EMISSIONS WORLDWIDE

Greenhouse gas emissions from 

fossil fuel combustion by country

Anthropogenic greenhouse gas emissions have increased since the pre-industrial era, driven largely by economic 

and population growth and now are higher than ever. This has led to atmospheric concentrations of carbon dioxide, 

methane and nitrous oxide that are unprecedented in at least the last 800,000 years. Their eff ects, together with 

those of other anthropogenic drivers, have been detected throughout the climate system and are extremely likely 

to have been the dominant cause of the observed warming since the mid-20th century. 

IPCC, 5th assessment report, 2014 {1.2, 1.3.1}

“Continued emissions of greenhouse ga-
ses will cause further warming and long-
lasting changes in the climate system. 
It will increase the likelihood of severe and 
irreversible impacts on people and eco-
systems.”  

({2} IPCC, 5th Assessment Report, 2014)

Global greenhouse gas emissions by economic sector

To avoid dangerous climate change and limit global 

warming well below 2° C, greenhouse gas emissions 

should be signifi cantly reduced. Much more than 

the world is ready to do so far. 
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adapting to climate change in poorer countries. As 
a fi rst step, all rich countries should donate $100 bil-
lion by 2020.

The pledge of contributions from different countries 
is far from what is necessary for global warming to 
be much lower than 2° C. The world has already 
reached 2° C, and current emissions will continue 
to rise. To achieve the global goals, CO2 emissions 
should be zeroed as soon as possible, no later than 
by 2050. 

 

2.3.5. INTERNATIONAL CLIMATE NEGOTIATIONS 

In 1992, countries joined the international treaty — 
the United Nations Framework Convention on Climate 
Change (UNFCCC) — to jointly consider what they can 
do to limit the average global temperature rise and re-
lated climate change. 

By 1995, countries realized that the provisions of the 
Convention on Emission Reduction were inadequate. 
They began negotiations to strengthen the global re-
sponse to climate change and two years later adopted 
the Kyoto Protocol. The Kyoto Protocol legally links de-
veloped countries with emission reduction goals. The 
fi rst period of the Protocol began in 2008 and ended 
in 2012. The second commitment period began on 
January 1, 2013 and will end in 2020. There are cur-
rently 195 Parties to the Convention and 192 Parties 
to the Kyoto Protocol. 

In 2015, the parties to the Convention agreed on the 
Paris Agreement, which defi nes international action 
to combat climate change after 2020. First of all, the 
Paris Agreement aims to limit global warming well be-
low 2° C, but sets the goal to limit global warming to 
1.5° C. All countries must contribute to reducing emis-
sions by 2030. Every fi ve years, all countries must also 
make more ambitious contributions.

In addition to reducing emissions, all rich countries 
must contribute fi nancially to reducing emissions and 

Tragedy of the commons

The tragedy of the general commons is a term 

used to describe a situation when people 

acting independently and rationally in 

accordance with the personal interests of each 

behave contrary to the best interests of the 

whole group, draining some common resource. 

The “Commons” in this sense began to mean 

resources such as atmosphere, oceans, rivers, 

fi sh stocks, offi  ce refrigerators or any other 

common resources that are not formally 

regulated and are not common land in their 

agricultural sense. The tragedy of the concept 

of the commons is often mentioned in 

connection with sustainable development, 

economic growth and environmental 

protection and in discussions on global 

warming. 

Task:  Discuss how this 
concept applies to global 
warming. Is it possible 
to overcome the fact 
that “no one”, at least 
formally, is responsible 
for global climate change? 
What can be done to 
advance international 
efforts? 
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We don’t know exactly how much and how quickly 
we need to reduce emissions in order to keep global 
warming below 2° C. But for a reasonable assurance 
of limiting total heating at 2° C, it is assumed that the 
CO2 content in the atmosphere should be kept below 
450 ppm. This is only possible if anthropogenic CO2 
emissions decrease to zero in the second half of this 
century, and then fall below zero. Achieving emissions 
below zero means that we need to fi nd ways to absorb 
CO2 from the atmosphere, for example, by planting 
trees that accumulate carbon.

2.4. CARBON BUDGET

Scientists from the UN Intergovernmental Panel on Cli-
mate Change, composed of scientists from around the 
world, in one of their reports stated that we have a limit-
ed emission budget before global warming reaches 2° C. 
Today, the world has used about half of this budget. 

Today the global emission of greenhouse gases from hu-
man activities is around 50 Gt CO2 eq annually. In the last 
years, it has been increasing by 1 Gt CO2 eq every year.
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reduce their emissions as much as possible, and fi nal-
ly, who will pay for it. These topics will be discussed 
in the next chapter.

Task:   Discuss — do the authorities 
in your country take climate change 
seriously? What about local authorities? 
Find out — is there a local climate 
mitigation plan in your municipality? 

Ultimately, human societies must fi nd ways to become 
climate neutral. We need to fi nd ways so that our activi-
ties and lifestyle do not add greenhouse gases to the 
atmosphere.

Technically, this is not so diffi  cult to achieve, but the 
world is still far away from it. The main issues are when 
the problem of global climate change is discussed at 
the international level: who is responsible, who should 

The Copenhagen accord

At the World Climate Summit in Copenhagen in 2009, world leaders agreed on a common goal for global climate change. 

The statement said: “To achieve the ultimate goal of the Convention, stabilize the concentration of greenhouse gases 

in the atmosphere at a level that prevents dangerous anthropogenic interference with the climate system, we will, 

recognizing the scientifi c opinion, consider that the rise in global temperature should be below two degrees Celsius”. 

The expected reduction in greenhouse gas emissions needed 

to maintain global warming below 2 ° C at diff erent levels of CO2 emissions 

Atmospheric CO2 concentrations Emission Gt CO2eq

Year 2010 2100 2010 2050 2100
Likely to limit to 2º C 400 ppm 450 ppm 50 25 0
50/50 chance 400 ppm 530 ppm 50 30 10
Unlikely to limit to 2º C 400 ppm 650 ppm 50 50 25
Business as usual 400 ppm 750–1300 50 80 100
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China is currently the country with the highest emis-
sions. But climate change is not only the result of to-
day's emissions, but also emissions over time. If we 
make a list based on historical responsibilities, the 
United States will be at the top, as it is responsible for 
20 % of historical emissions. But is it fair to compare 
countries without taking into account the size of the 
population? If we look at emissions per person in dif-
ferent countries, Qatar will be at the top. If we look at 
the historical responsibility of man, then the UK with 
its history of early industrialization is at the top. The 
average per capita emissions in the world as a whole 
are 5 tons of carbon dioxide per person. China current-
ly emits 7.2 tons per person, compared with 6.8 tons 
in the EU. The US is still far ahead with its 16.5 tons per 
person.

There is also the question of whether the eff ects of 
consumption of imported goods should be conside-
red. In China, about 20 % of their emissions come from 
the production of clothing, furniture, and even solar 
panels, which are supplied to Europe and America. 

2.5. CLIMATE (IN)JUSTICE

The ongoing climate change is not only a question 
about science and technical solutions, it is also about 
ethics and justice. As we have seen, those who suf-
fer most from the negative consequences of climate 
change are normally not the same ones who are re-
sponsible for the emissions. Quite the opposite, those 
who experience the biggest problems are often those 
who are least responsible for greenhouse gas emis-
sions. Isn’t this true? If yes, what to do about it? Cli-
mate justice is about who shall take responsi bility to 
cut emissions, and about how to create a future where 
all countries and individuals can develop and prosper, 
not only those who already have the most. 

2.5.1. WHO ARE TO BLAME?

Who is responsible for global climate change? This 
question can be answered in various ways. One way 
is to list the countries with the highest CO2 emissions. 
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In 2015, the fi ve largest emission sources including 
the European Union, which in accord account for 
two-thirds of total global emissions, were: China (with 
a 29 % share of the global total), the United States 
(14 %), the European Union (EU-28) (10 %), India (7 %), 
Russian Federation (5 %) and Japan (3.5 %).

The rapidly growing consumption and use of ener-
gy in newly industrialized countries now threatens 
with an even greater escalation of global warming. 
Despite the urgent need to reduce our global emis-
sions, they have been increasing every year since 
2000. In 2013 and 2014, growth slowed, and in 2015 
global emissions fell by 0.1 %. 2015 was also the first 
year that China began to reduce its emissions, which 
fell by 0.7 %. This is a small positive sign, but the le-
vel of CO2 in the atmosphere has never been higher 
than today. In United Nations international climate 
change negotiations, countries such as the U.S. ar-
gued that all countries should reduce their emis-
sions; otherwise, it would be very unfair to the few 
countries that take responsibility. The U.S. argues 

If you look at emissions in Europe from this point of 
view, they would be 30 % higher if we take into ac-
count those goods that are produced in China and 
other countries. 

Emissions per capita of CO2 refl ect the countries’ de-
velopment. 

Task:  Discuss your country’s share 
of historical responsibility for greenhouse 
gas emissions. 

2.5.2. DOES UNEQUAL ENERGY USE MEAN

  UNEQUAL SHARE OF RESPONSIBILITY?

Over the past decades, countries have followed the 
development patterns of the fi rst industrialized coun-
tries when it comes to energy use and consumption. 
In 2007, China overtook the United States and now has 
the highest greenhouse gas emissions in the world. 

Historical responsibility for the observed global warming (0.7ºC)

Rank
For the country Per capita

Country Total warming Country Warming per billion people 

1 USA 0,511 UK 0,54

2 China 0,063 USA 0,51

3 Russia 0,059 Canada 0,41

4 Brazil 0,049 Russia 0,41

5 India 0,047 Germany 0,40

6 Germany 0,033 The Netherlands 0,34

7 UK 0,032 Australia 0,30

8 France 0,016 Brazil 0,26

9 Indonesia 0,015 France 0,26

10 Canada 0,013 Venezuela 0,25

11 Japan 0,013 Argentina 0,23

12 Mexico 0,010 Colombia 0,23

13 Thailand 0,009 Poland 0,19

14 Columbia 0,009 Thailand 0,14

15 Argentina 0,009 Japan 0,10

16 Poland 0,007 Mexico 0,09

17 Nigeria 0,007 Indonesia 0,07

18 Venezuela 0,007 Nigeria 0,05

19 Australia 0,006 China 0,05

20 The Netherlands 0,006 India 0,04

Matthews et.al, 2014; National contributions to observed global warming.
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that if it needs to reduce its emissions, the countries 
with the highest emissions, especially China, Russia 
and India, must contribute to avoid dangerous cli-
mate change. 

For their part, China and India argue that they follow 
the same pattern as the western countries have acted 
under for decades. Is it fair to limit these countries to 
the same development and the same advantages that 
the Western countries had after the industrial revolu-
tion? In addition, India and China cannot be blamed 
for the climate changes we are facing today. Since 
greenhouse gases can remain in the atmosphere for 
decades, the changes we are already experiencing are 
more likely the result of many-years-ago emissions 
from industrialized countries. If we include historical 
emissions since 1800, China and India are still far be-
hind the early industrialized countries when it comes 
to the accumulated amount of CO2 emissions emitted 
into the atmosphere. Is it fair then that China and In-
dia should cut their emissions in the same way as the 
United States?

Task:   It is widely believed that currently proven fossil fuel reserves contain 
approximately 3 trillion tons of carbon dioxide (approximately ¾ trillion tons 
of carbon). To keep global warming below 2ºC, the UN IPCC tells us, depending 
on several variables, that we need to keep approximately ²/³ of the proven fossil 
fuel reserves in the ground if we want a decent shot to avoid a catastrophe. 
Discuss who should keep their part of the oil in the soil?

2.5.3. POOR COUNTRIES ARE MOST 
 VULNERABLE

The negative impact of climate change is unevenly dis-
tributed. Even if poor countries have the least respon-
sibility for emissions that have caused climate change, 
these countries are most vulnerable to the conse-
quences. There are three main reasons why the poo-
rest countries are the most vulnerable: 

 First of all, many of the poorest countries today are 
placed in areas already severely impacted by natu-
ral disasters such as droughts, fl oods or heavy rain 
falls. With climate change, these problems will only 
intensify in the near future. 

 Second, many people in poor countries are deeply 
dependent on agriculture and natural resources. 
With climate changes, some areas will not be pos-
sible to cultivate anymore and their income may 
be lost. 
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Creating a vicious cycle, poor people often unwit-
tingly contribute to environmental degradation. 
Without any alternatives, people reduce scarce for-
est resources as fuel, pollute water sources with 
household waste and wastewater, and raise live-
stock in quantities exceeding the capacity of limited 
land resources. Thus, their adaptive capacity wors-
ens even more. 

 Third, poor countries are least able to adapt to 
climate change. Although climate change will af-
fect both rich and poor countries, there is a huge 
difference in how countries can adapt to these 
impacts. While industrialized countries have the 
money and resources to protect themselves and 
counter the negative effects of climate change, 
poor countries do not.

Task:  Discuss how developed countries can foster development 
that can ensure more equitable development for all countries and 
at the same time reduce global greenhouse gas emissions.
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Destroyed buildings in New Orleans after the hurricane Katrina hit in 2005

2.5.4. INEQUALITY AMONG PEOPLE AND GROUPS

Even within each country, negative impact from our 
energy use aff ects people unequally. When a forest is 
cut down in a place, some people may become rich 
from selling the timber, while the neighbors depend-
ing on the forest to cover their basic needs suff er. 
In general, poor people are more vulnerable to climate 
changes than rich people are, as 
they have less resources and abil-
ities to adapt. A poor farmer from 
Mozambique growing coff ee 
beans to survive is much more 
vulnerable to drought than a 
person working in an offi  ce in the 
capital. Similarly, in rich countries 
poor people are more aff ected. 
When the hurricane Katrina hit 
the coastline of America in 2005, 
many poor people died because 
they lived in the most exposed 
places and couldn’t aff ord to 
evacuate.

The negative impact is also un-
equally distributed among men 
and women. At the global level, 
women are poorer, have less 
education, and therefore they 
are more dependent on natu-
ral resources to meet their basic 
needs. As a result, many women 
may be less able to adapt to cli-
mate change than men. Other 
vulnerable groups are children, 
the elderly and people without a 
family or other safety net.
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change? In order to avoid dangerous climate changes, 
climate experts also emphasize that this is necessary 
with huge institutional and technological changes 
in our society. Who should pay for this transition?

If you ask the poorest and most vulnerable countries 
in the world, there is no doubt that countries with 
early industrialization must pay the bill. Industrialized 
countries emit much more greenhouse gas emissions 
and therefore should bear the greatest responsibility 
and burden for actions aimed at solving the problem 
of climate change. 

2.6. WHO SHOULD PAY?

According to the IPCC, the cost of adaptation to cli-
mate change in developing countries until 2050 is es-
timated at between 70 and 100 billion US dollars per 
year. Costs include investments needed to improve in-
frastructure, land management and agriculture to off -
set the negative eff ects of climate change. Who should 
cover these costs? Is it fair that each country pays its 
own expenses when the poorest face the biggest chal-
lenges and have little responsibility for global climate 

The Green Climate Fund (GCF) is a global fund 

created to support the eff orts of developing countries 

to tackle climate change. GCF helps developing countries 

limit or reduce greenhouse gas (GHG) emissions and adapt 

to climate change.

It was established in 2010 by 194 countries that are parties 

to the United Nations Framework Convention on Climate 

Change (UNFCCC) as part of the fi nancial mechanism 

of the Convention. It aims to ensure equal funding for 

mitigation and adaptation, guided by the principles and 

provisions of the Convention.

When the Paris Agreement was reached in 2015, the Green 

Climate Fund was given an important role in serving the 

Agreement and supporting the goal of maintaining climate 

change well below 2 degrees Celsius.

The collective goal of $ 100 billion in climate fi nance for 

2020 was initially set at the Copenhagen Summit in 2009. 

At the beginning of 2017, the amount announced at 

the international level within the framework of the GFC 

amounted to $ 10.3 billion.
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To avoid dangerous climate change, greenhouse gas 
emissions must be reduced quickly. This chapter talks 
about how we can use energy in ways that reduce 
harmful emissions and at the same time ensure a good 
standard of living. 

There are two possible ways to meet our energy needs. 
The traditional way is to produce more and more ener-
gy, but it is expensive, time-consuming and adversely 
aff ects nature. There are more reasonable ways that 
can help us provide the energy services we need! Our 
main message to you in this book is summarized in 
this sentence:

To use energy more effi  ciently is the fastest, cheap-

est and most environmentally friendly way to reduce 

emissions. 

We can do more with less energy, and when we need 
less energy it is also much easier to substitute the pol-
luting energy production with new, low-carbon so-
lutions. We can avoid dangerous climate changes by 
using well-known, tested, and reliable technologies. 
The big challenge is to ensure that the best available 
solutions are implemented, not only in demonstration 
projects but also on a big scale. To make this happen 
and develop a green society, we need regulations and 
incentives that ensure that the right and necessary so-
lutions also are legally and economically the best.

 

WHAT YOU NEED TO KNOW TO COMBAT CLIMATE CHANGE3 

World energy consumption by sector

In fact, energy saving is our biggest “source” 

of new energy. If we manage with less 

energy in one place, the energy “not used” 

can be saved or used for something else. 
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thing. Other measures will include a restructuring of 
how we plan our societies and investments in new 
technologies.

Working with energy effi  ciency, we must investigate 
diff erent ways of how the energy services we need can 
be provided with less energy. To understand the many 
possibilities, we will show you the general principles 
and some examples that will help you start your quest 
for an energy-effi  cient life! The opportunities presen-
ted here are not complete. New technologies and 
practices are constantly evolving.

Over time, many decisions were made, and we had few 
opportunities to look into the future. This was possible 
when energy was cheap and the negative impact on 
the environment was not taken into account. Today 
we must use every opportunity to minimize energy 
consumption.

Some energy effi  ciency measures can be taken here 
or now by you or anyone else, such as walking short 
distances instead of driving a car. These measures do 
not require large planning processes or investments; 
they depend solely on how we decide to do some-

The biggest «power plant» in Russia:

Environmental organization Russian Socio-Ecological Union (RSEU) has launched a campaign 

called “Energy efficiency is the largest, cleanest and cheapest energy source in Russia.” 

The goal of the campaign is to show the public and other interested parties that energy 

efficiency in Russia can release a huge amount of energy that can be used to meet 

energy consumption needs. The total energy efficiency potential in Russia is estimated 

at about 40 % of total current consumption.

Task:   Discuss why decision-makers seem to be more eager 
to develop new energy production instead of focusing at more 
effi cient use of the energy we already have produced. 
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air, and we want to spend as little energy as possible 
to achieve this goal.

Over the past ten years, signifi cant technological de-
velopments have occurred related to insulation, build-
ing materials and low-emission window glass coat-
ings. For example, there are many glass products with 
a simple coating, which several times reduces heat 
transfer through the glass.

The more attention is paid to the use of energy, the more 
opportunities we have for the functional design of 
the house. In the future, we will not need to spend a lot 
of energy on houses. Smart buildings are designed to 
minimize the need for energy for heating and cooling. 
Technology is here today to build homes with nearly 
zero energy needs. By integrating the energy produc-
tion in the building, the houses will produce the energy 
needed in the building, and even generate excess ener-
gy and turn it into the house with additional energy.

3.1. KEEP HEAT AND COLD 

 WHERE YOU NEED IT!

In most societies, buildings are one of the main con-
sumers of energy, and the most energy-intensive 
type of activity in buildings is air conditioning. Ener-
gy is needed for heating, cooling and other processes 
that allow you to comfortably be inside the building. 
People have a narrow range of comfortable tempera-
tures. Most people feel comfortable at 18–25°C, de-
pending on their clothes and level of activity. To pro-
tect us from the cold, we build houses to create good 
and comfortable indoor conditions. In warmer coun-
tries, the greatest need is room temperature cooling. 
Both heating and cooling require energy and are of-
ten responsible for most of the energy consumption 
in a building. As we saw in the chapter on energy, in 
order to make our internal climate comfortable, we 
want to create an imbalance between warm and cold 

Task:   Discuss the advantages and disadvantages of a traditional 
thatched roof and a simple metal roof, as you see them in the photo 
(Tip: how the heat of the sun is transferred to the house). 
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The polar ship “Fram” is an early and extreme exam-
ple of a close to zero-energy house in a cold region. 
In 1893, she went into the polar ice hoping to drift 
through the North Pole. During the three years spent 
in the Arctic, the crew was warm and comfortable in-
side the ship. Captain Fritjof Nansen wrote in his dia-
ry: “The ship ‘Fram’ is a good home; if it is minus 30° C, 
it is still warm inside without any fi re in the stove. 
I think about removing the stove — it just takes up 
space.” “Fram” was successful in reducing the heat 
losses due to: 

— Thick, insulated walls (there were double wood 
planks in order to withstand the pressure from 
the ice);

— Good room planning with the warm rooms in the 
middle;

— Skylight with the possibilities to regulate venti-
lation.

Many of the same principles are used today to make 
houses that need no or very little energy for heating 
in cold climates. 

How can you make the heat and cold stay where you 

want them to?

 Remember to close doors between warm and 

cold rooms.

 Adjust the room temperature using curtains or 

blinds. Open curtains let sunlight into the room, 

heating the air in it. 

 Keep your hot tea in a thermo jug for later use, 

instead of letting it get cold and have to warm 

new water each time you need some. 

 Discuss with your parents the improvements 

that can be done in your house; for example, 

repair broken window frames or use heavy cur-

tains to prevent drafts and cold.

 Reduce energy need for heating by dressing 

warmer, or reduce energy need for cooling by 

dressing a bit lighter.

Model of the polar ship “Fram” in the Arctic ice in 1894
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A well-insulated house is under construction

Thicknesses of building materials needed for wall insulation according to current standards

Choose materials for thermal insulation 
of your apartment or house with the least toxicity 
to protect your health and the environment!

Reinforced concrete 450–550 сm

Brick 150–250 см

Expanded clay light-weight concrete 100–200 см

Wood 40–65 см

Aerated concrete 35–60 см

Mineral wool 10–17 см

Expanded polystyrene 8–15 см

WHERE TO START?

To fi nd the “weakest” points in terms of ener-
gy effi  ciency, it is necessary to perform a sim-
ple infrared survey of the building. Spots of 
yellow and red show where heat is lost to 
the atmosphere. There spots need to be in-
sulate in the fi rst place.
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3.2. FROM HIGH CONSUMPTION 

 TO PLUS-ENERGY HOUSE

If you want to integrate energy pro-
duction in your building, typical solu-
tions are solar panels for hot water, 
solar panels for electricity, small wind 
turbines and heat pumps that receive 
energy from the environment. Many 
nearly zero energy homes have al-
ready been built. In Europe, this is 
becoming the standard way to build 
new buildings. As the construction 
industry becomes more and more 
experienced and prices go down, 
zero-energy homes and plus-energy 
homes are becoming more common. 
Today, most buildings require a lot 
of energy, and the construction sec-
tor is one of the main consumers of 
energy. In the future, buildings can 
produce more energy than they con-
sume and deliver excess energy to 
other sections of society. In a building 
with an excess of solar cells, electric-
ity can be used to charge an electric 

Energy-effi  cient house

This old offi  ce building in Norway has got improved insulation, ventilation, 
and equipped with heat pumps and solar cells. It is the world fi rst renovation 
project to produce more energy than it consumes during operation and 
construction phase
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car, and if the house has too 
little electricity, it can receive 
energy back from the electric-
ity stored in the car’s batteries. 
On a farm that produces bio-
gas from organic waste and 
manure, excess gas can pro-
duce electricity or power cars.

A smart building takes advan-
tage of opportunities in the 
environment, and the design 
of the building optimizes the 
use of the possibilities of “free” 
energy in the environment. 
Additional external energy is 
needed in very limited quanti-
ties. Norway's fi rst energy-effi  -
cient house operates in accor-
dance with these principles. 
The Power Station is an old 
offi  ce building, which was re-
stored in 2013, and its energy 
demand was reduced by 80 % 
compared to what it was be-
fore the reconstruction. After 
the energy consumption for 
heating, cooling, lighting and 
various equipment was drasti-
cally reduced, it became much 
easier to supply the necessary 
energy using local energy pro-
duction.

Most buildings are still the op-
posite of smart buildings. In 
the picture you can see anoth-
er traditionally restored offi  ce 
building in Norway. The wide-
spread use of glass requires a 
lot of energy for heating in the 
winter, and without shading it 
also needs a lot of energy for 
cooling in the summer. Doing 
it this way takes a lot of energy 
to make it comfortable inside. 

 

Did you hear the word «prosumer»? 

This is a new terminology made up of a combination  of the words “producer” 

and “consumer”. 

This shows that there are new ways of thinking of individuals that can contribute 

to energy production, and not just be consumers. 

The fi rst new passive house in Oslo, Norway

Construction of a modern passive building in Ukraine
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the prevailing winds. It “catches” the wind and di-
rects it through the building providing free air con-
ditioning.

Often nights are colder. With good ventilation, the 
building is cooled down during the night. Walls made 
of stone or concrete store the cold and keep the tem-
perature in the building at a comfortable level even 
during the day. 

Evaporation can be used for extra cooling. When wa-
ter evaporates (changes from liquid to gas), it uses 
a lot of energy. This energy is taken from the sur-
rounding air, with the result that the air cools down. 
This phenomenon can be used in a simple and direct 
way, if you just moisten a surface and let it cool as the 
water evaporates. 

 

3.3. FREE COOLING (AND STAY COOL)

In warm climates, various measures must be taken to 
avoid using too much energy for cooling. Insulation 
and air tightness are important not only so that the 
houses are comfortably warm, but also so that they 
are cool enough. In addition, it is important to have 
proper shading to reduce unwanted solar heat enter-
ing the building. In a well-designed building, this will 
minimize the need for cooling.

Traditional Persian architecture and other Middle 
Eastern cultures often design passive cooling sys-
tems in buildings with the use of a “windcatcher.” 
In its simplest configuration, it is a tall tower with 
one side open at the top facing the direction of 

The Borujerdi building was built in 1857. Kashan, Iran

What can you do?

You can cool your head or drinks on a warm summer day by using a wet towel. 

Evaporation will “steal” energy from your body and from the bottle. 
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3.4. HEAT PUMP: 

 HOW TO CAPTURE “FREE” ENERGY 

Even after minimizing the heating or cooling losses as 
much as possible, additional heating or cooling may 
be required. One way to satisfy this need is to “transfer” 
heat from or to the environment using a heat pump. 
The heat pump takes advantage of the fact that phase 
transfers consume a lot of energy — and release ener-
gy when they reverse.

Task: 

Experience the physics:

1. Sprinkle a drop of spirit (evaporates easily) on the back 
of your hand. The heat of your hand makes the fl uid evaporate, 
and you will feel how your hand cools down. Water can also be used, 
but the effect of spirit is bigger as it evaporates faster. 

2. Take a bicycle pump, push your fi nger hard to the air outlet 
and start pumping. The more you push (increase the pressure) 
the hotter it will become. 
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The experiment demonstrates two basic physical 
characteristics that make a heat pump effi  cient. First-
ly, this phase transfer (evaporation) is a process that 
requires a lot of energy. When using liquids with a 
low boiling point (often well below 0° C), it is possible 
to “take” energy from low-temperature heat sources 
by evaporation (as in your body in the experiment). 

Secondly, when the liquid evaporates to gas, the tem-
perature in the gas can be increased by compressing 
it (for example, air in the pump). The advantage of 
this process is that the energy (heat) obtained dur-
ing compression is 2–5 times greater than the energy 
(electricity) needed for the compressor and pumps 
to work.
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The traditional light bulb, invented by Thomas 
Edison in 1879, is currently shutting down after 
130 years of operation. Traditional incandescent 
bulbs convert about 5 % of electricity into usable 
light (14 lumens/W), the rest is lost as heat. Now on 
the market there are many new technologies that 
give 7 times more light per unit of energy. The LED 
gives 80–90 lumens/W. Effi  cient solutions are more 
expensive, but longer service life and lower power 
consumption make them a profi table solution.

Regardless of the lighting technology used, it is always 
advantageous to limit the lighting to time and places 
where it is really needed. This can be done with the 
right lighting and manual or automatic shutdown in 
the daytime and when no one is inside. It also helps to 
paint rooms in light colors and to avoid curtains when 
light is needed inside. 

3.5. LIGHT

Artifi cial light allows you to read and work when day-
light is gone. In many buildings, most of the energy 
consumption is used for lighting. About 15 % of all 
global energy consumption is spent on lighting.

Few actions can reduce carbon emissions as cheaply 
and easily as avoiding ineffi  cient lighting, making 
it one of the most effi  cient and cost-eff ective ways 
to reduce energy consumption.

What can you do?

— Place your desk for homework by a window.

— Open curtains to let the daylight in.

— Change bulbs to LEDs.

— Switch off  light in rooms that you do not use.

Imagine that you have one candle in a dark room. 

The light falling on one m2 of wall at a distance of one 

meter from the candle has become the standard unit 

of measurement of light. It is simply called «lumen», 

or Lux. A candle giving 1 Lux of light is hardly enough 

to read. The standard for good classroom lighting in most 

countries is 300 Lux on the desk. 

Efficient lighting means getting enough light at 
the lowest possible amount of energy. It comes down 
to what technologies are used and how.
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In many countries, labeling schemes exist to help con-
sumers compare energy consumption when purcha-
sing new equipment. This has contributed to the rapid 
improvement of energy performance for many types 
of equipment.

By choosing the most effi  cient solutions, a household 
can cover basic energy services with minimal energy 
use. This is especially promising for households that 
do not have access to the electricity grid. A family can 
have telephones, a radio, four lamps, a computer and 
a TV and consume no more than 2 kWh per week. If 
the family replaces their PCs and TV with a tablet, they 
will not need more than 0.75 kWh per week. Thanks 
to energy-effi  cient equipment, production units can 
be smaller and investment costs signifi cantly reduced. 
This makes energy services like this aff ordable for 
many new families.

3.6. ENERGY-EFFICIENT EQUIPMENT 

There is a wide range of equipment that uses energy 
in homes, schools, and offi  ces as well as in factories. 
These can be computers and game consoles, fridges 
and freezers, washing machines and all kinds of elec-
trical motors.

Did you know that 

560 full-size power plants could close (or not build new) 

if 40  % of worlds lighting was LEDs?
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number of people on the bus, the amount of fuel per 
person is still less than on a car.

It is also possible to fi nd large diff erences in energy 
consumption for the same transportation method. 
While a standard car consumes 7.5 liters of fuel per 
100 km, a small modern car consumes up to 3 liters at 
the same distance 

Energy consumption and emissions from transport are 
a major concern for many cities. Although, for example, 
energy consumption in buildings and industry is often 
stabilizing or declining, energy consumption in the 
transport sector is growing rapidly in most countries.

Although new cars have become more effi  cient and 
cleaner, increasing the number of cars more than com-
pensates for the increase in effi  ciency. Heavy traffi  c is 
not only an increasing source of climate gas emissions, 
but also a major source of local pollution with asso-
ciated health consequences. Traffi  c jams slow down. 
Private cars take up too much space in a modern city, 
and other solutions are needed to develop effi  cient 
transportation in cities.

3.7. ENERGY-EFFICIENT TRANSPORT

Imagine that you are going to visit a friend who lives 
50 km. To get there, you need to use energy, but the 
amount of energy depends on which way of travel you 
choose. If you are athletic and fi t, you can go there by 
bike. In this case, it is your body that needs energy, and 
it receives this energy from the food you eat.

You must feed yourself enough to power the bike with 
1kWh to go all the way. On the way back, you might 
prefer to take the bus. Your share of fuel consumption 
in a bus can be about 1 liter of fuel, which is 10 kWh. 
If instead you drive alone by car, the fuel consumption 
is 3.5 liters or about 35 kWh.

The transportation methods in this example are dif-
ferent and are using diff erent amounts of energy to 
produce a service (moving your body 50 km). The high 
consumption in the example with the car is a result 
of the additional work of moving a 1000-kg car in ad-
dition to your body. A bus weighs much more than 
a car, but when you divide your consumption by the 

What can you do?

— Chose environmentally friendly transport: your feet, bicycle, bus or train.

— Better adaptation of streets to make waking and biking safe and easy. 
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Task:  Discuss the benefi ts for 
yourself and for the society of using 
cycle as transport. 

With good traffi  c planning, much more of the trans-
portations can be done with light transport 

Spatial planning is an important tool to limit transpor-
tation needs. Modern housing planning should imply 
that new homes are centered around public transpor-

tation hubs and that the streets are made attractive to 
people so that they can walk and cycle in.
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The choices you make as consumers and the rules 
developed by our decision makers help reduce the 
environmental impact of industrial production. Al-
though the most environmentally friendly solution 
is to refrain from buying new products, it also af-
fects which product you buy and how you dispose 
of it after use.

A product that was once an attractive acquisition is 
at some point turned into waste. With increasing con-
sumption, we all have more and more things, and the 
time between buying and throwing out is getting 
shorter and shorter.

3.8. INDUSTRY & RECYCLING

In many countries industry has the biggest share of 
energy consumption. Industries can change their pro-
duction methods and choose the best available tech-
nology, and by this improve their energy effi  ciency.

Industry decisions may seem far from your life, but we 
must remember that it is we, the consumers, who de-
cide what will be produced. Thus, the energy used in 
production makes up a large share of our total energy 
consumption.

Did you k now that: 

you could recycle 20 kg of aluminum 
with the amount of the energy used 
to produce 1 kg of new aluminum.

What you can do?

Reduce impact from consumption by:  

— Re-using, repairing and buying second-hand instead of buying new products.

— Buying environmentally friendly products with long lifetime and recyclable.

— Recycling all waste. 
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 Methane: agriculture is one of the main sources of 
methane emissions. It is a strong greenhouse gas gene-
rated when organic materials decompose without 
air. Animals living on grass, such as cows and sheep, 
form a large amount of methane in the stomach. Rice 
is often grown in fl ooded fi elds under anaerobic soil 
conditions that emit methane when organic matter 
decomposes in the soil. Methane accounts for about 
20 % of anthropogenic greenhouse gas emissions 
globally. Half of this is emissions from rice fi elds.

 Processing, cooling and transporting products re-
quire a lot of energy.

Diff erent foods require diff erent amounts of energy to 
produce. In the simplifi ed food chain in the illustration, 
you can see how CO2 from the air with the help of the 
photosynthesis ends up as energy for human beings.

3.9. Food: eating plants or meat?

Agriculture accounts for about 14 % of the global 
greenhouse gas emissions, and emissions are in-
creasing. 

Ggreenhouse gas emissions from agriculture come 
from several sources: 

 Land use. Agricultural land often replaces the forest 
and thereby transforms the land from a carbon-rich 
ecosystem into an ecosystem with a small amount 
of carbon. Excess share is emitted into the atmo-
sphere.

 Fossil fuels: industrial agriculture depends on the 
massive use of fossil fuels for tractors and fertilizer 
production.

Agriculture and its impact to the environment and climate. Source: IPCC

Did you k now 

that 1 hectare of land can produce 7.5 tons of wheat grain 
(equal to 11,500 loaves of bread), or 0.3 tons of beef (equal to 1,200 steaks). 
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Task:   Discuss where in the food chain you have your main consumption. 
Are you ready to make a change? You can also investigate the energy consumed 
to produce and transport some of the products you often eat.

Energy pyramid

• Much of the energy is lost when one 

organism in the food chain eats another

• Most of the energy

is converted into heat energy

• Each feeding level represents

about 90 % energy lost

What can you do?

— Eat more vegetables. 

— Reduce food waste.

— Buy locally grown products.

Climate change food calculator: 
What’s your diet’s carbon footprint?
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fl oods and erosion. This helps to reduce pollution by 
cleaning both water and air. It is important to have na-
tional parks and selected impressive natural objects, 
but to preserve the ability of nature to solve local and 
global environmental problems, it is also important to 
take care of all of nature around us, both in agricul-
tural landscapes and in cities.

To preserve biodiversity in a particular place, study in 
the surrounding nature. A wide variety of plant spe-
cies and the creation of conditions for attracting in-
sects, birds and other animals are important aspects 
in the design of landscapes based on the principles of 
natural ecosystems..

There is no need to burn leaves and buy synthetic 
fertilizers if you use compost. In a small garden, you 
will need a wooden container of at least 1 x 1 x 1 me-
ter in size, located in a remote corner of the garden 
for compost production. It is important to alternate 
green layers with dry ones — this provides ventila-

3.10. TAKE CARE OF NATURE 

 AND THE “GREEN LUNGS”

Green bits of nature in urban areas are important. 
They must be kept, or new additional ones can be 
installed in open areas, such as rocky places, ravines 
and riverbanks. They will provide many environmental 
benefi ts.

Many schools and organizations have developed a plot 
of land on which vegetables are grown or bio diversity 
restored. The most sustainable are ecosystems with 
rich biological diversity.

Strong and sustainable ecosystems have many impor-
tant functions. The ecosystem accumulates biomass 
by trapping CO2 from the atmosphere, and therefore 
it is important to reduce greenhouse gas emissions. 
There are also many local advantages. The natural 
environment regulates the fl ow of water and reduces 
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trace elements and humus. It improves soil struc-
ture, ventilates and retains moisture. Compost is an 
excellent habitat and breeding ground for worms, 
which (along with bacteria and fungi) decompose 
the organic matter that forms compost. In the next 
round, it offers food for insectivorous birds and 
small animals.

tion and speeds up the whole process. Unpleasant 
odors indicate that the composting process does 
not have enough air to decompose, and more dry 
material needs to be added. You can also use com-
post pits for recycling organic waste. Garden com-
post is good and useful in every sense. Compost is 
an ideal organic fertilizer for plants, rich in essential 

Five principles of natural greening:

• use local plant species

• use diverse plant species

• attract insects, birds and other animals to the site

• exclude chemical methods of plant treatment.

• perform zonal planting using plants of various shape and height.

What you can do:

 Make a school garden and establish a compost pit there. 

 Ask your school management not to cut down all grass 
around your school, but to convert some of it into a fi eld 
for bees and insects. 
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Energy, of course, is necessary and important for socie-
ty, but the way we use it aff ects the environment too 
negatively. These environmental costs should be in-
cluded in the price of energy. One way to do this is to 
introduce an energy tax or a carbon tax. The increased 
income that the state receives from this tax can be used 
to reduce other taxes, such as labor taxes or other ones, 
which will have a positive contribution to the develop-
ment of society. Energy subsidies are often justifi ed by 
providing aff ordable energy to the poor in the country. 
In fact, most subsidies in practice go to a richer part 
of the population, since they use much more energy. 
If you do not have a car and you spend very little fuel, 
you will not receive fuel subsidies. You would benefi t 
more from other targeted government programs.

Decision-makers should consider environmental issues 
when planning and managing land resources. In cities, 
proper planning will reduce energy consumption and 
environmental pollution from transport, for example, 

3.11. GREEN ECONOMY

A green economy is how we can make climate and 
green decisions attractive and cost-eff ective. Govern-
ments regulate our lives through laws and make deci-
sions about how to collect taxes and how to spend the 
state budget. How this is done will largely determine 
the impact of our society on the environment. 

Access to energy services is important and therefore 
many governments subsidize energy. This is achieved 
through the direct use of funds from the state bud-
get to pay for fuel, providing special tax benefi ts to 
energy companies, relieving nuclear power from li-
ability in case of accidents, setting lower tariff s than 
is necessary for returning investments, and a number 
of other ways. In addition, new sources of clean ener-
gy also receive government support but globally, 
support for traditional energy sources is still signifi -
cantly greater. 



79WHAT YOU NEED TO KNOW TO COMBAT CLIMATE CHANGE

by building schools and kindergartens close to where 
people live, and by creating good infrastructure with 
sidewalks and paths for pedestrians and cyclists. It is 
unreasonable to give preference to people who drive 
large, polluting cars. 

Many measures that prioritize green behavior do not 
require a large budget or government decisions. For 
example, do local governments organize key aspects 
in the municipality such as waste management, water 
use and spatial planning? If most decision-makers and 
offi  cials could be a little more informed and make bet-
ter decisions at their local level, thanks to many small 
actions, our societies could take another step towards 
a green economy.

Germany’s new energy (Energiwende)

Germany is one of the European countries with the highest 

ambitions to reduce greenhouse gas emissions, 

and at  the same time, it decided to close all of its nuclear 

power plants after the Fukushima accident in Japan.

Citizens are paving the way in a new energy direction. 

Half of all new renewable energy comes from investments 

by families who install solar panels in their homes 

or participate in a wind farm cooperative.

Task:   investigate if your government gives subsidies 
to fossil fuel consumption and/or renewable energy. 

Did you know that: global subsidies for fossil fuel are 
5 times higher than for renewable energy?
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perfect, but all countries and all communities have 
renewable energy sources. In the future, we need to 
change energy systems from centralized systems with 
several large industrial enterprises to more decentral-
ized energy production systems, where the border be-
tween the energy producer and the energy consumer 
will be less clear. 

We already see many examples when citizens become 
important energy producers, either integrating energy 
production in their homes, or participating in cooper-
atives that produce the energy they need in a neigh-
boring plant. (See chapter 3.3).

3.12. CLEAN ENERGY

About 80 % of global energy consumption is covered 
by fossil fuels. In previous chapters, we have seen that 
we want to reduce energy demand. We need to use 
energy more effi  ciently and much smarter to reduce 
overall consumption. When we consume less, it will 
also be easier and cheaper to replace the current ener-
gy supply based on minerals with a more environmen-
tally friendly energy supply. 

3.12.1. RENEWABLE ENERGY

The sun, water, wind, bio and geothermal energy are 
the main renewable sources. The great advantage of 
renewable sources is that they are distributed through-
out the land. Of course, conditions are not always 

Task:   Draw or create a model of your 
local community with solutions that reduce 
energy demand and where all energy 
consumption is covered by renewable 
energy sources.
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3.12.2. OTHER CLEAN TECHNOLOGIES

There are many ideas on how to provide clean energy. 
Here are some examples that can be part of the solu-
tion, but often also do not give the promised result or 
create new problems of clean gas and clean coal. The 
fossil fuel industry is promoting improvements that 
make current solutions cleaner. This is good, but too 
small and too late. Any burning of fossil fuels will in-
evitably lead to CO2 emissions. 

Carbon capture and storage is an additional solution 
for traditional fossil fuel plants. Smoke is processed, 
and CO2 is captured and taken out for storing “fore-
ver” underground. The disadvantage is that this pro-
cess is not only expensive, but also energy-intensive. 
There are also uncertainties regarding long-term se-
curity of deposits.

Carbon capture facility in Germany

Fusion energy is a type of nuclear energy in which 
light atoms join together, rather than a traditional 
chain reaction with the splitting of heavy atoms. 
There are no hazardous wastes or radioactivity in 
the synthesis process. The disadvantage is that the 
process requires extremely high temperatures. So 
far, this is still a distant hope for an endless and clean 
source of energy.

Safe, traditional nuclear energy is still a dream, but 
not feasible, as it produces radioactive materials that 
must be separated from everything alive for more 
than 100,000 years. New technologies and fuels can 
improve new generations of nuclear power plants, 
but do not solve environmental problems associated 
with waste. 



82 CLIMATE, ENERGY, AND ENVIRONMENT

Using this method, footprintnetwork.org informs us 
that today mankind uses the equivalent of 1.5 planets 
to provide the resources we use and absorb our waste. 
In other words, it now takes the Earth one year and 
six months to restore what we use for the year. This 
is a tough situation, even if most of our population in 
the world can use little. Moderate UN scenarios sug-
gest that if current trends in population and consump-
tion continue, then by the 2030s we 
will need the equivalent of two Earths 
to support us. Unfortunately, we have 
only one, and it is easy to understand 
that this situation is not sustainable in 
the long run.

3.13. YOUR ENVIRONMENTAL FOOTPRINT

We consume the resources of our planet and produce 
harmful emissions and waste faster than ever before. 
As population grows and global consumption increa-
ses, it is important to understand nature’s limited abil-
ity to meet these needs and adapt our behavior and 
consumption.

An environmental footprint is a concept designed to 
measure how our lives aff ect the Earth and determine 
the amount of biologically productive land and marine 
areas needed to supply the resources we consume.

How many planets we’d need if everyone

lived like a resident of the following countries

Greenhouse gas emissions and global climate change 
are one of the most important reasons for reduc-
ing the consumption and use of what is smarter and 
more effi  cient, but there are many other reasons to do 
the same. You, we, all must act now.  

Tas k: 

Go to Footprintnetwork.org 
and calculate your personal 
footprint. Discuss how you can 
reduce it. 
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Our energy consumption is the biggest threat to glo bal 
climate change. Using energy more intelligently and 
effi  ciently, we can avoid dangerous climate change 
and pollution, as well as conserve critical natural re-
sources. If everyone has this in mind when govern-

ments make their decisions, enterprises manage their 
production, and all of us as our consumers, it will be 
possible to ensure the development needed in poorer 
countries, while other countries can maintain their 
level of comfort. 

CONCLUSION

We hope that in your daily life you will do your best to:

 Live without a car or use it as little as possible. Walk or ride a bike instead of driving a car.
 Avoid air travel and choose a train instead.
 Choose energy-saving solutions whenever possible, such as LED lamps, energy-saving 

showers, energy-effi  cient electrical appliances and equipment.
 Insulate and repair your home, doors, windows, etc. If you are building the house, think 

about energy-effi  cient solutions!
 Eat less meat and more vegetables.
 Reduce the amount of waste. Repair, reuse and recycle everything possible.
 Tell others about the importance of an energy-saving lifestyle.
 Help protect the nature around you.



APPENDIX

IMPORTANT CONCEPTS, WORDS AND ABBREVIATIONS

Concepts/Words:

Internet:

http://whatsyourimpact.org/

http://knowledge.allianz.com/

https://www.greengrowthknowledge.
org/initiatives/green-growth-best-
practice-initiative-ggbp

http://www.footprintcalculator.org/

Ecosystem
Climate
Energy access
Energy carrier

Energy service
Greenhouse eff ect
Greenhouse gases
Sustainable development

Climate natural
Environmental footprint 
 (carbon footprint?)

Abbreviations:

IEA: International Energy Agency
IPCC: Intergovernmental Panel on Climate Change
UNESCO: United Nations Educational, Scientifi c and Cultural Organization
UNEP: United Nations Environmental Program
UNFCCC: United Nations Framework Climate Change Conventions




