


One of Norway‛s most important 
professors is talking to his very 

special friend “Dioxy”, otherwise 
known as Carbon dioxide.

She lives in the atmosphere along with 
her other friends: Nitrogen, Oxygen, 
and Water vapour.



A carbon atom linked to 
two Oxygen atoms forms a 

carbon dioxide molecule, 
also known as CO2.

If we take off the two 
oxygen atoms, Dioxy 
turns back to a carbon 
atom, that can‛t fly.



Carbon is a fundamental brick in the life 
cycle, it can be found in many different 
forms around the world.



Carbon moves across the world preforming an important cycle. 
Plants catch CO2 from the air and they use it to produce food for themselves. 
This process is known as photosynthesis.

When animals eat the plants they absorb this food and “burn” it to make 
energy, this is noticed in respiration. Burning food creates CO2 that is 
released back into the air (outbreath).
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There is another kind of 
carbon cycle, which is a much 
larger and long-lived one! We 
call it the geological carbon 
cycle or long term carbon 
cycle, because it takes 
millions of years.



When we breathe, we 
emit CO2 into the 
atmosphere, so carbon 
dioxide concentration in 
the atmosphere rises.

So we have to remember some fundamental processes 
that regulate the presence of CO2 in the atmosphere.



When plants undergo photosynthesis they catch CO2 
from the air and make it into sugar.

This process reduces 
the CO2 concentration 
in the atmosphere.



In the ocean there are many microscopic organisms that use CO2 
to produce calcium carbonate and build their shells.

When these organisms die, the shells,
after millions of years, became rocks.
At the same time, the organic parts 

 are transformed by bacteria into 
oil and methane.

All these natural processes regulate the 
atmospheric concentration of CO2 that is an 
important part of life on Earth. 





Thanks to photosynthesis plants can 
take nutrients from air and soil and 

they can make food on their own, 
using solar energy.

Animals are not able to produce food, 
so they depend on plants for nutrition.



To make their 
food plants need 
CO2 from air, 
water, some 
minerals from 
the soil and 
solar energy.

With these simple ingredients all 
vegetables can make their own food, 
essentially they produce sugar. 

This chemical 
reaction 

produces also 
oxygen that the 

plants release 
to the air.



CHLOROPLAST

CHLOROPLAST

This very special phenomenon 
happens in the plant‛s green 
leafs, inside the chloroplasts.

This process requires energy that 
the plants get from the sun‛s rays. 

When CO2 arrives, the carbon and 
the oxygen are separated.

The oxygen is expelled back into the 
atmosphere, while the carbon atoms 

are linked together to create long 
carbon chains, essentially sugar.



So, what happens when we 
eat plants and fruit, like 
this apple? How do we get 
the hold on the energy that 
the plant puts into sugar 
during photosynthesis?



MITOCHONDRIA

Like all other animals we have many special "factories" inside our cells: they are 
called mitochondria. Here we break carbon-carbon links inside the sugar 
molecules, using atmospheric oxygen. This breakage releases energy that is used 
by the body to keep it going, and CO2.

Carbon dioxide is passed out from the cells into the bloodstream and 
reaches the lungs, where we exhale it into the atmosphere.



Plants, thanks to photosynthesis, transfer to all animals‛ energy and us from 
the sun. For this reason they are considered the backbone of the ecosystems.
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After this fantastic travel inside 
the microscopic world, we have to 
reflect on the importance of 
photosynthesis on a global scale. 

A very important role is played 
also by microscopic algae, 

ancestors of plants, that live in 
oceans, lakes and rivers.

Forests and soils on Earth are a living reservoir of 
carbon and they are very important because they 

regulate the atmospheric concentration of carbon dioxide.



200.000.000 

YEARS AGO
Many years ago, some 100-200 millions of years past, 
the Earth was covered by forests, the climate was 
(very) hot and plants grew luxuriantly. 

In this environment vegetation was so 
abundant that dead plants formed thick 

layers of organic matter.



During millions of years 
this organic matter was 
covered by sediments and 
then transformed by 
bacteria into coal.

This process is called fossilization and 
this is why we now have a lot of coal 
deposits all around the world.



GLOBAL WARMING



The Earth is covered by the atmosphere; we can 
imagine it like a big transparent blanket that surrounds 
the planet. When the rays from the sun arrive on the 
Earth, they pass through the atmosphere and many 
reaches the ground. The Earth‛s crust absorbs the 
rays and then re-emits the ray-energy as heat-waves, 
that remain confined in the atmosphere, causing the 
Earth‛s temperature to rise. 

The same phenomenon happens in a 
greenhouse during a sunny day - and 
this is why we call this process the 
greenhouse effect.



The atmosphere is made up of 
a mix of gases, we can think 

of these gases like the 
threads of the blanket.



The greenhouse effect is not necessary a negative 
phenomenon, thanks to it we have had a constant 
temperature on Earth of 15°C on average for a 

long time. This is a perfect condition for the 
regeneration and development of life.



So what is the problem with the greenhouse effect? 
The problem is that the blanket is becoming thicker 

and the atmosphere is becoming too hot!



FORESTRY 17%

BUILDINGS 8%

INDUSTRY 19%

TRANSPORT 13%

AGRICULTURE 14%

ENERGY SUPPLY 26%

WASTE 3%

The burning of fossil fuels (oil, gas, coal) releases huge amounts 
of carbon dioxide – which remains confined in the atmosphere. 
Here we can see the principal sources of CO2 emissions.



Today we transform the carbon 
stored underground over millions of 

years in forms of oil, gas, coal, 
into carbon dioxide.

This is happening quicker and 
quicker, causing the earth‛s 

temperature to rise.
In addition comes methane (CH4), a 
gas even more dangerous than CO2, 

being released when the Earth 
permafrost ground starts thawing.
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What are the consequences of the temperature rising?

Ice melting

Sea level rising

Change in the
climatic zones

Species extinction

Extreme climatic events

An alteration 
in the Ecosystems



What are the solutions? We can do many things to help 
the atmosphere. Every action counts, even if small.

Do not cut trees, plant instead. Use more renewable energies

Reduce consumption
Be more efficient



In the last few years many scientists have started working to 
develop various solutions for reducing the emission of CO2. A very 

interesting one is the so-called Carbon Capture and Storage (CCS). 
By use of full CCS, the CO2 is captured directly from the source, 

like a factory or a power plant, and then the CO2 is transported to 
a site where it can be stored in the subsurface, deep down in the 
ground – either onshore (on land) or deep under the sea bottom.



RENEWABLE
 ENERGY



We can use all our electrical appliances thanks to energy supplied 
to our houses through power lines. What are the sources we can 

use to provide energy to meet our needs? We source two 
categories of energy: non-renewable and renewable.



The sun is the greatest energy source on Earth - and plants are 
able to store the solar energy by making organic molecules. 
In past geological eras there were a lot of forests that were 
transformed into coal, thanks to the fossilization. 

So the energy that we extract today from coal 
was stored by the plants that lived millions of 
years ago.



The same phenomenon involved billions and billions of 
microscopic organisms in the oceans. They were 

transformed by fossilization into oil and natural gas. 
How can we use the energy stored in these “fossil 

fuels”? Very simple, we only have to burn them.



Another energy source is nuclear energy. There are some chemical 
elements in nature, very rare, that are energetically unstable. 
They tend to transform into other elements over time and to 

release energy in form of radiation.

Man has developed a method in which the transformation 
of these elements is controlled in a nuclear power plant, 
to produce energy in large quantities.



In recent years scientists and independent companies around the world have 
been developing different sources of energy that we call renewable.

Why do we call all of these sources non-renewable energies? 
When coal, oil, gas and radioactive elements have been used, we cannot 
use them again, once consumed they are gone.



But we have another great source of 
energy that comes from the underground.

Renewable energies are essentially 
created by two great sources: the sun 
and the heat of the Earth‛s mantle.

Everything that moves on Earth 
takes energy from the sun in 

one way or another.



Photovoltaic panels (solar panels) produce 
electricity directly from the sun. We have 
technologies that use solar heat to produce 

both electricity and hot water.



Biomasses are used to produce fuels, like bioethanol or methane. 
But we have to pay attention to biomass production, since the 
cultivation of biomasses requires the use of large land areas that 
can be essential for food production.



We can harness the power of the wind and build wind power 
plants to produce electrical energy. An air mass moving into 
the propeller of a turbine makes the turbine spin. This 
spinning drives the electrical generator that produces energy. 
Like the dynamo that operates our bicycle lights!



The mechanism is the same 
as of the wind power plants.

We can also use hydropower 
plants – which is based on flowing 

water to produce electricity.



So what will happen in the future about energy resources? Scientists have made a 
projection for 2050: fossil fuels will provide 60% of the World‛s energy, 
renewable energies 30% and nuclear energy 10%. Renewable energies at present 
remain too expensive, but are under development.

However, the current 
status is that the 

majority of the world‛s 
energy will be provided 

by fossil fuels. 
Therefor it is urgent 

to solve the problem of 
greenhouse gases. It is 

today‛s biggest 
challenge.



CARBON CAPTURE



Is it possible to capture CO2 
molecules to avoid their escaping 
into the atmosphere and the 
consequent Greenhouse effect? 
We can‛t really catch CO2 
molecules with a butterfly net.
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Let‛s see how the so-called Carbon Capture and Storage (CCS) works. A 
Capture plant is usually built near to a CO2 source, maybe a power 
plant or a factory.



We are inside the power plant, just in 
front of the great furnace, where 
coal is burned to produce electricity 
and heat for our houses. 

Burning coal produces also flue 
gases that are released into the 

atmosphere. Thanks to Carbon 
Capture and Storage we can catch 
CO2 before it arrives into the air.
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First of all we have to separate the CO2 molecules from the other flue gases, - as process that 
is very complex and requires a lot of energy. Flue gases are piped in a first tank, where CO2 
molecules are separated by linking them to other molecules, called amines.

This blend is pumped 
in a second tank 
where, using a heating 
process, CO2 
molecules are 
separated from 
amines and then CO2 
is directed to 
storage. Let‛s see 
what happens in 
detail.



An amine shower washes the flue 
gases: amines grab CO2 molecules 
on their way down.



Amines pull down CO2 
molecules separating them 
from the rest of escaping 
flue gases and steer them 
away “hand-in-hand”. 

Amines leave CO2 molecules on 
their road to the compressor 

and return back, they are now 
ready to be dropped by the 

shower again.



After capturing we have pure CO2 gas, ready to be 
compressed and transported to the storage site. 
Here starts another story...



THE CO2
HOUSE 

CARBON STORAGE



Carbon Dioxide, at normal 
temperature and pressure, is 
a gas and all these molecules 
are very dynamic and rowdy. 
For this reason the molecules 
need a “super critical 
treatment”.

After the capturing process, the 
CO2 molecules must get ready for 
transport and storage.



To put the CO2 molecules 
in a more quiet state we 
can treat them using 
heat and pressure. 

First of all we 
have to heat up 
them for a while.



Molecules are now 
quieter and behave 
like a fluid. All these 
processes help us to 
prepare the gas for 
transport.

Then we can compress the 
molecules. After this double 
treatment the Carbon 
Dioxide transforms into a 
special state, we call “super 
critical CO2”.



Transport can be realized by 
boat, by truck or using a pipeline.



Finally the CO2 arrives to 
the storage site, a natural 
tank that has all necessary 
characteristics to keep the 
gas underground. 

CAP-ROCK

A good storage site must have a reservoir (tank-rock) with a cap-rock above. 
The cap-rock closes the reservoir and prevents gas escaping. Carbon Dioxide is pumped 
into the reservoir where molecules find their space inside the pores or in the fractures.

RESERVOIR  
(Tank-rock)



THE CO2
HOUSE 

We can imagine a storage site like the CO2 house, where the roof is the cap-rock that 
keeps the molecules inside, and the chimneypot is a monitoring well, that allows us to 
control how CO2 is behaving.



Several monitoring wells have to be drilled 
all around the injection well, to investigate 

if our friends behave good or not.

After storing, we must control the 
behaviour of molecules, to be careful they 
don‛t escape from their new home.



In the reservoir the compressed CO2 
molecules, so tightened together to behave like 
a fluid, find their space inside the comfortable 
pores between the single sand grains or within 

the fractures of the non-porous rocks.



Gradually dissolving themselves into 
the saline water that impregnate 
the rocks the CO2 molecules 
interact with the rock minerals, 
creating brand new stable minerals 
along with the time. 

So the CO2 molecules 
can fall asleep again 
for long time...
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