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m a n u a l

Dear teacher,
You have before you a challenging series of
lessons concerning the subject of the 21st
century: the energy challenge. Following the
explosive rise in population numbers and
higher prosperity levels in countries such as
India, China and Brazil, demand for energy is
increasing at a rapid pace. At the same time,
fossil fuels such as petroleum and natural
gas are becoming scarcer, and CO2 emissions
need to be reduced. These three developments
– increased demand, reduced supply and the
restriction of CO2 emissions – form the common thread throughout this series of lessons.
In It’s all about energy! Students learn about
the social developments underlying the energy challenge and the fascinating technologies
that are being used to address this challenge.
This teachers’ manual comprises:
1) an account of the series of lessons;
2) a summary;
3) model responses to the assignments in
each section;
4) model answers to the test.

The main objective of this teaching material is
to encourage school students to opt for science
subjects. The target group comprises third
and fourth-year secondary school students
/ those in pre-university education. The
teaching material is geared to making them
aware of the energy challenge.
According to former Shell Chief Executive and
now Chairman of the Dutch ‘Platform Bèta
Techniek’ Jeroen van der Veer, more young
people must opt for natural sciences if the
Netherlands is to remain competitive as a
knowledge economy and in the near future,
a special role will be reserved for employees
with a technological background.
The three developments in the energy challenge which we have adopted as the common
thread in this series of lessons can be summarised in two words: worrying and challenging.
This series seeks to address the latter. Key
concepts in our approach are: inspirational,
challenging, personal and in-depth.
We trust that you and your students will enjoy
working with this material!

Account
This teaching material was written by three
participants of the Netherlands’ own Teach
First programme (Eerst de Klas): Matthijs van
Vulpen, Cazimir ten Brink and Simon Verwer
(www.eerstdeklas.nl).
Eerst de Klas (Teach First) is an internship
whereby young, talented academics are given
the opportunity to familiarise themselves
with world of education and the business
community, including Shell. Shell has tasked
the participants with developing teaching
materials concerning its core activities. The
authors of this teaching material then had
the opportunity to meet with Shell experts
in the field of energy. These discussions have
directly impacted the teaching material.

Utrecht, March 2012.
Cazimir ten Brink
Matthijs van Vulpen
Simon Verwer
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Energy is something of a given in the western
world. This should not be taken for granted,
however, and will come under ever increasing
pressure in the 21st century. Underlying this
are three major developments.
These three developments may seem
daunting, but at the same time they challenge
us to think about what can be done:
1. What can we do to ensure that everyone
has sufficient energy at their disposal?
2. What can we do to produce more
petroleum more efficiently?
3. What can we do to limit CO2 emissions?
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Test
A test and model answers have been enclosed
with the module titled It’s All About Energy.
The test in its entirety is intended to be set at
the end of the module, when all three sections
have been completed. The questions are also
suitable for use in individual tests at the end of
each section if teachers so prefer.

Summary of contents

The first section looks at the question as to
what governments, oil and gas companies
and environmental organisations could do
to facilitate the fair distribution of energy.
A pessimistic and an optimistic future are
outlined using two potential scenarios.
Agreements concerning the depletion of
fossil fuels are also put into relative context
and the critical voice of Greenpeace is also
summarised so that the two scenarios, based
on Shell’s perspective, can be contrasted.

Part 1

THE FUTURE OF ENERGY

1.1
1.2
1.3

Energy is everything, everything comes from energy; an introduction
Scenario 1: every man for himself
Scenario 2: together we stand stronger

The second section looks at the development
that is depleting easily accessible petroleum.
To look at what can be done about this, we first
consider precisely what petroleum is and how
it is that petroleum can become depleted. We
then look at how petroleum is produced today.
Armed with this knowledge, we can then
consider how we can get more out of a field
and how we can produce oil from fields that
are difficult to access.

Part 2

PROSPECTING FOR AND PRODUCING PETROLEUM

2.1
2.2
2.3
2.4

Where does petroleum come from?
How do we prospect for petroleum?
How do we extract petroleum from the ground?
The future of petroleum

Section three looks at the climate problem
with respect to CO2 emissions. In this
section, a solution is put forward in the form
of innovative technology: CO2 capture and
storage. This technology is first explained in
general terms before going into detail about
the process of capturing CO2, the chemistry
behind CO2, the storage and safety of CO2 and
finally some figures behind CO2 capture and
storage.

Part 3
3.1
3.2
3.3
3.4
3.5
3.6

SOLUTIONS TO THE CO2 ISSUE

The technology and the four key questions
Capture
Phase state
Storage and safety
Safety and society
Figures and forecasts
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model responses to the assignment

1.1 Energy is everything, everything
comes from energy; an introduction
1)

How could you use energy more
economically in your own life? Give three
examples.

A good answer includes examples of
modifying your own consumer behaviour.
Example of a good answer:
I could use energy more economically by
switching off my computer when I am not in
my room, wearing a jumper instead of turning
up the heating and by taking shorter showers.
2)

Demand for energy, supply and the
emission of carbon dioxide are three
terms which appear in this introduction
to the syllabus. What is the relationship
between these three terms?

A good answer includes the following:
-

-

Reasoning in which the three terms are
related to one another.
An answer which demonstrates that
the student understands the causal
relationship between these three
developments.
An answer which demonstrates that the
student understands that these three
developments are all at odds with one
another.

Example of a good answer:
The relationship between these three terms
is one of cause and effect. The use of, and
therefore the demand for, energy will increase
whereas the supply will become ever more
scarce. This has consequences for the price
of energy; it will increase. Furthermore, it
is important to restrict emissions of carbon
dioxide in order to prevent too great a rise in
temperatures.
3)

-

Outline a doom and a dream scenario for
energy in the future.

A good answer includes the following:
Doom scenario: the student’s own
creative image of the earth potentially
being lost as a consequence of depleting
fossil fuels.

4)

Dream scenario: the student’s own
creative image of a boom in new
technologies for both fossil fuels and for
alternative sources of energy by means
of collaboration between governments,
companies and environmental
organisations.
Drastic measures are also conceivable for
saving energy. Some of these measures
may meet with ethical objections. For
example the proposition: ‘The whole
world must limit births’. Provide two
arguments for and against.

A good response includes the following:
For:
1)
A reduction in population numbers
would probably mean less demand for
energy.
2)
A reduction in population numbers
would ensure fewer carbon dioxide
emissions.
Against:
1)
People should be free to choose how
many children they want.
2)
Any such measure is undesirable
because people will try to circumvent
the rules with potentially dramatic
consequences, we have seen in China.
3)
Imagine there was no shortage of
energy at all. What would the world look
like then?
A good answer includes the following:
The student’s own creative image of a
world full of abundance and possible
decadence.
A realisation that an energy surplus
could have catastrophic consequences
for CO2 emissions.
OR
The student’s own creative image
where there is an excess supply of a CO2
neutral form of energy such as solar
energy. This would facilitate infinite
recycling of waste products.
Example of a good answer:
If there was no energy shortage at all, people
would not restrict their use of energy at all.
After all, if there was an energy surplus, the
price would also be very low and people
would, for example, never switch off their
electrical devices. An energy surplus
would therefore also have catastrophic
consequences for the climate because much

more CO2 would be emitted, with flooding as
one of the consequences.

1.2 Scenario 1: every man for himself
1)

The ‘every man for himself’ scenario
is centred around the interests of each
country. Provide two arguments for and
against this scenario.

A good answer includes the following:
For:
1)
Countries – i.e. governments – primarily
want to take care of their own citizens
2)
Governments act no differently from
people. Like people, governments are
primarily driven by their own interests.
Against:
1)
Countries – i.e. governments – should
realise that the problems are too urgent
for them to pursue their own interests
alone.
2)
Collaboration is also a form of selfinterest because the ultimate goal of
collaboration is for you to improve your
own situation.
2)

Climate is a vague term. What do you
think it means? And what exactly does
the climate problem imply?

A good response includes the following:
A response which demonstrates that
the climate is the average status of the
atmosphere in a given area. This area
can of course also be the earth as a
whole.
An explanation which shows that the
climate problem is a general term for all
sorts of problems relating to extreme
weather conditions, such as rising sea
levels and the increase in the number of
hurricanes.
Example of a good answer:
I think the climate means the general weather
conditions over a long period. The problem
with the climate is there are increasing
numbers of floods, hurricanes and tsunamis.
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3)

Below are three terms from the ‘every
man for himself’ scenario. Explain how
you feel these fit together: economic
growth, shortages, climate problem.

A good response includes the following:
Reasoning in which the three terms are
related to one another.
An answer which demonstrates that
the student understands the causal
relationship between these three
developments.
An answer which demonstrates that the
student understands that these three
developments underpin one another.
Example of a good response:
These three terms are related because they are
the logical consequence of each other. Greater
economic growth results in higher demand
for energy which leads to shortages with even
greater climate problems as a consequence.
4)

Write a speech of approximately ten
lines which you as a politician would
give to make young people aware of the
energy issue. Think - before you write
your speech – about what you yourself
think is a good speech. For example, you
could search on YouTube for speeches by
well-known politicians or entertainers.
What do they do well? Try to work these
elements into your own speech. It would
be good if a couple of speeches could be
presented in the classroom.

model responses to the assignment

Example of a good answer:
I think awareness means the realisation that
a better environment starts with yourself. To
address the energy challenge, everyone has
to realise how important a sustainable world
is for ourselves and for future generations. In
addition, we’re all facing the same problem so
it is better that we work together. The key to
a more sustainable world is a combination of
awareness and collaboration.
2)

Imagine someone were to say to you:
“What has any of that got to do with
me?” Can you use the ‘Together we stand
stronger’ scenario as the basis for your
explanation of why it really is important
to think about the energy challenge?

A good answer includes an explanation which
shows that the energy challenge affects us all.
Example of a good answer:
I would explain to such people that the energy
challenge is an urgent problem that affects
everyone. Increased demand and declining
supply mean the energy challenge will only
increase in the future. The first step towards
a world with a fair distribution of energy is a
combination of knowledge and awareness.
3)

The text says that collaboration is not
easy. Do you have any experience of that?
What can sometimes be difficult about
it? What would be your tips for effective
collaboration?

According to the teacher’s own assessment.
According to the teacher’s own assessment.

1.3 Scenario 2: together we stand
stronger
1)

The ‘Together we stand stronger’ scenario
is based on ‘realisation’ or ‘awareness’.
What is meant by this?
Use the terms awareness, collaboration
and sustainability in your answer. What
you think about this? Explain.

A good response includes the following:
A response to the question as to what is
meant by realisation or awareness.
A response in which the terms
awareness, collaboration and
sustainable are related to one another.
A response to the question as to
what the student thinks about the
importance of awareness.

4)

Alternative energy will become
increasingly important. Can you name
any other forms of alternative energy
besides wind and solar power? What
exactly do you know about them?

Several parties are involved in the energy
challenge, sometimes with similar and
sometimes with different interests. The four
most important of these are governments,
the energy companies, environmental
organisations and citizens. To raise the debate
to a higher level, it is preferable for students to
prepare for the debate in advance. This may
include both form and content.
With respect to content, students can research
on the internet so that they can better present
their position during the debate. With regard
to format, time can be spent in the classroom
considering different debating techniques.
The debate should be led by a debate leader
(preferably a student) and the contributions
assessed by a jury (a group of students). You
as the teacher play a background role during
the debate. In theory, the students should be
able to manage the debate themselves. If for
certain reasons it does not progress well – for
example because the students do not wait
their turn – it is preferable that you steer them
in the right direction quickly and efficiently.
We recommend that you arrange for the
assignments in section 2 to be completed in
pairs.

2.1 Where does petroleum come from?
Assignment 1
The temperature in the mobile earth
strata can sometimes become very
high. Can you think of a reason why the
temperatures in these earth strata may
increase in this way?
A good answer includes the following:
-

According to the teacher’s own assessment.
The Big Energy Scenario Debate, teacher’s
instructions:
Debates can be held in a number of formats.
You can find a large number of examples of
debates on the internet. For information on
setting up classroom debates the following
websites could be consulted:
http://archive.planet-science.com/sciteach/
debating/pdfs/DS_TeacherGuide.pdf
http://www.youtube.com/watch?v=NOAuO_
XKGfE
http://www.debateable.org/

The earth strata can also move
downwards, closer to the earth’s core.
The temperature is higher closer to the
earth’s core

Assignment 2
A rock with many pores but in which the
pores are not interconnected is/is not
permeable.
If oil has a higher/lower viscosity than
water, oil will flow through permeable
rock with more difficulty than water.
If a permeable earth stratum contains
both petroleum and water, over time the
oil will collect above/below the water.

model responses to the assignment

Answers:
Is not
Higher
Below

2.2 How do we prospect for petroleum?
Assignment 1
In the picture of a cross-section of part
of the earth’s crust you can see that the
strata are made up of different materials.
Coal is found only in the lowest layer.
Why is no coal found in the uppermost
layers?
A good answer includes the following
components.
Carbon, like petroleum is a fossil fuel
and is made up of hydrocarbons.
Like petroleum, these originate from
remnants of organic material. This
organic material dates back to the
Carboniferous Period.
Organic material is converted into fossil
fuels under high pressure, at a high
temperature and over a long period
of time. The high pressure and high
temperature are in part responsible for
the mass of strata above them.
The uppermost earth strata are still too
young. Organic material has not yet had
time to be converted into carbon.

2.3 How do we extract petroleum from
the ground?
Assignment 1
Drilling a single well costs on average
EUR 20 million. Today, one in four
drilling operations is successful. Given
that a barrel of oil (159 litres) yields EUR
60, calculate how many barrels would
need to be sold just to repay the drilling
costs.
Answer:
Successful drilling costs on average 4 x
(20 x 106) = EUR 80 x 106.
On average, 80 x 106 / 60 = 1,33 x 106
barrels need to be sold to recover the
drilling costs.
Assignment 2
Think of a reason why the casing is
narrower at the bottom of the borehole
than at the top. Hint: a tube with a small
diameter is able to withstand far greater
forces than a tube with a large diameter!

A good answer includes the following:
A casing is in principle a tube. A casing
with a smaller diameter is therefore
able to withstand a greater force (and
therefore also greater pressure) than a
casing with a wider diameter.
There is greater pressure underground
than at the surface. The casings have to
be placed deep in the ground and must
therefore withstand higher pressure.
Assignment 3
Borehole, drilling pipe, drill bit, casing,
mud, seismic investigation: it could drive
you crazy! Can you remember what they
all mean? Write each term down in order
and describe in your own words what
they mean.
A good answer includes the following:
- Borehole: the hole in the ground that is
drilled to bring petroleum or natural gas to
the surface. Also known as a well.
- Drilling pipe: the drilling pipe comprises
separate tubes which are screwed together.
The pipes are on average ten metres long. The
drill bit is attached to the end of the drilling
pipe.
Drill bit: the drill bit drills through the
rock. In a certain way, a drill bit can
be compared with that on an ordinary
electric drill. Different drill bits are
available for different types of rock.
Casing: a metal tube which ensures
that the borehole does not collapse.
The petroleum ultimately flows to the
surface through the casing. The casing
is held in place with cement.
Mud: drilling fluid which is also
pumped down during drilling
operations. Mud keeps the drill bit cool
and offsets the upward oil pressure.
Seismic investigation: the use of
seismic investigation allows the earth’s
surface to be mapped. To do this, sound
waves are transmitted down into the
ground, generally using vibrating plates
behind freight trucks. Explosives may
also be used. At sea, strong currents
of air create sound waves. The sound
waves that are reflected are recorded
by geophones and processed using
powerful computers.
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Assignment 4
The density of a substance indicates its
mass (for example how many kilograms)
if you have 1 m3 of it, for example.
The unit of density is then kg/m3.
This means the mass of 1 m3 of water is
around 1,000 kg. Therefore the density of
water is 1,000 kg/m3.
In order to control an (oil) pressure of
350 bar, counter-pressure from a column
of liquid (with a density of
1,000 kg/m3) measuring almost 3,500
metres in height is needed. Calculate
how many m3 of water would be needed,
assuming the average surface area of the
cross-section of the borehole is 0.10 m2.
(In this theoretical case, the drilling fluid
therefore consists only of water).
Hint: the content of the borehole is the
same as the surface of the cross-section of
the borehole times the height!
Answer:
Quantity of water required: 3,500 m x 0.1 m 2 =
350 m3
* Note: 3,500 m comes close to an average
borehole.
Assignment 5
a.
What should the mud be made up of
if the density of water is too low? Hint:
what does this English word ‘mud’ mean
in your own language?
b.
Imagine that you discover that the
density of the mud you have used is
still too low. How could you quickly
change the density of the mud to keep
the pressure in the oil reservoir under
control?
The correct answer includes the following:
The cheapest option would be to use
a sort of mud: Or: water containing
a highly soluble substance which
increases density.
Pumping more water into the mud
reduces density.
By pumping more substance into the
mud, the density can be increased.
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Assignment 6
Imagine you are a well engineer on a
drilling rig in the North Sea. You have
discovered a nice big oil reservoir and
reached the required depth. It is now
your job to anchor the borehole. You have
calculated the quantity of cement needed
to do this. You then find out there is too
little cement and that a start has already
been made in pumping cement into the
borehole. How can you ensure that the
drilling was not all in vain?
The correct answer includes the following:
If too little cement is pumped into the
well, it will be impossible to anchor part
of the well.
If part of the well is not anchored, the
well may collapse.
If there is insufficient cement present,
the cement that is already in the well
must be pumped out. Cement cannot
be added later, as once the cement has
hardened, it can no longer be pumped
through the well.
Assignment 7
Use the internet to research the different ways
of drilling for oil. Select ONE way (for
example drilling using a Jack-Up, a
semi-submersible, deep sea drilling etc.)
and see whether you can then answer the
following questions:
*
How would you reach your platform
(what type of operation does your
platform have)?
*
To what depth can your platform drill?
*
Where is your platform currently
deployed?
*
How is your platform held in place?
Show your answers clearly and neatly
and present your findings to the class.
Try to convince your classmates that your
way of drilling for oil is the best one!
According to the teacher’s own assessment.

model responses to the assignment

2.4 The future of petroleum
Assignment 1
The volume of oil that is produced is
often expressed in barrels of oil. The price
of oil is also expressed per barrel. One
barrel equates to approximately 159 litres.
Approximately 85 million barrels of oil
were produced every day in 2008.
It is hard to imagine just how much 85 million
barrels is precisely. In order to understand a
little bit about large volumes, these volumes are
often compared with Olympic-size swimming
pools, which measure 50m by 25m by 2m.
a.
Calculate how many Olympic-size
swimming pools of oil were produced in
2008.
b.
Imagine that smart production means
that 5 per cent more oil can be extracted.
How many more Olympic-size swimming
pools per day would that mean?
The correct answer includes the following:
a.
An Olympic-size swimming pool is 50m
x 25m x 2m = 2,500m3.
-

b.
-

2,500m3 equates to 2.5 million litres.
85 million barrels equates to 85 x 159
x 106 / 2.5 x 106, approximately 5,400
Olympic-size swimming pools.
Smart production will add 5% per day
to the 54,000 Olympic-size swimming
pools. That makes 270 Olympic-size
swimming pools.

Assignment 2
As you have learned, oil supplies
are not infinite. In recent times, oil
has increasingly been found in other
‘unexpected’ places, such as in oil sand
fields in Canada. These oil sand layers
are close to the earth’s surface and can be
dug up. It appears that these alternative
fields contain just as much oil as all
the other ’ordinary’ oil fields together,
deep beneath the earth’s surface. Do you
believe that producing this oil as well is
a positive development? Explain your
answer.
Then compare your answer with those
of your classmates: what do they think?
Have a debate and don’t forget about
TINA (There Is No Alternative) and
TANIA (There Are No Ideal Answers).

The correct answer includes the following:
Some arguments against exploiting oil
sand fields in Canada are: it has a major
impact on the landscape; the money
can be better used for investments in
sustainable energy; the consumption of
more oil increases CO2 emissions.
Some arguments in favour of exploiting
oil sand fields in Canada are: we are able
to meet the energy demand; the price of
oil may fall as a result of the operations;
there are upcoming technologies that
will enable the process to run more
effectively (such as CO2 capture).
More information is available from:
www.capp.ca

3.2 Capture
1)

Do you think it is possible to remove CO2
from the atmosphere? Would doing that
make any sense?
Hint: think, for example, about how
much CO2 there is in the atmosphere per
volume unit.

The correct answer includes the following:
It does not make sense to capture
ordinary air.
Ordinary air comprises 0.03% CO2.
It is costly to capture large volumes of
air.
Example of a good answer:
It is very costly to capture air in a CO2
ventilation plant. The concentration of CO2 in
the air is so low that only a small percentage
of CO2 can be separated from a large volume
of air.
It does therefore not make any sense to
remove CO2 from the atmosphere.
2)

CO2 is captured under high pressure
and at high temperatures. Do you think
that this makes CO2 capture expensive?
How could you make the process of CO2
capture less expensive?

The correct answer includes the following:
It costs a lot of money to capture CO2.
-

-

Much energy is required to bring
substances under high pressure. Energy
costs money
There is scope to improve the efficiency
of the amine solution. If this can work
under less extreme conditions (high
pressure and temperature), the process
can be made more efficient.
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model responses to the assignment

Example of a good answer:
CO2 capture is very expensive because much
energy has to be generated to bring the
substances under high pressure at a high
temperature. If it is no longer necessary to
heat the system to such a high temperature
and apply such a high pressure, the
efficiencies are achieved.

Example of a good answer:
CO2 in its solid phase can be compared with
ice. Ice is difficult to transport and will not
flow through the ground and distribute itself
in the small cavities in the ground. Gas has a
very low density. Relatively little gas would be
stored under ground in this phase, which does
not make sense when space is limited.

3)

2)

Amines are used in the process of CO2
capture. The amines act as catalysts.
What are catalysts? Look the term up on
the internet. Why is it important that the
blend of gases passes as purely as possible
through these catalysts following partial
combustion?

The correct answer includes the following:
A catalyst is a substance which is not
consumed as part of a reaction, but
which accelerates it (reducing the
amount of energy needed to cause the
reaction).
If other substances (NOx) pass along
these catalysts, for example, they may
damage the catalyst or react with it.
It is important that no other substances
are present in the CO2 flow so that
no damage is caused to the catalysts
and the production stream remains
consistent.

3.3 Phase state
1)

Why is it not a good idea to pump CO2
into the ground in the gas phase?
Why is it a bad idea to compress CO2 in
the ground in the solid phase?
After all: the CO2 has the greatest density
in this phase.

The correct answer includes the following:
It would not be a good idea to pump
CO2 into the ground in the gas phase
because of its low density in the gas
phase. Gas needs much space. This is
a problem when the amount of space
available below ground is limited.
A solid substance does not flow and it
is therefore impossible to get it under
the ground. While it’s true that a fixed
substance does have a high density, it is
impossible to transport it under ground.

Think about the properties of a gas,
a liquid and a supercritical liquid.
Complete the table below. For viscosity,
think about what you learned in the
section about oil; viscosity is a measure of
how ‘syrupy’ a substance is.
Properties
Viscosity (high/low)
Takes up much space (a lot/a little)
Boiling point or temperature (high/low)

3)

Supercritical CO2 can be used as a
solvent. Think of a number of useful
applications for the use of CO2 as a
solvent. Consider that if you dissolve
something in supercritical CO2 and
then release it in the open air, the CO2
evaporates to become an ordinary gas.

The correct answer includes the following:
Hair dye spray can easily be dissolved in
CO2. When the dye is applied to the hair,
no water is needed to colour it.
Nail polish can be sprayed if it is
dissolved in CO2.

Gas
low
a lot
low

Liquid
high
a little
high

Supercritical
low
a little
high
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3.5 Safety and society
1)

Why do you think car engines stop when
they come into contact with carbon
dioxide? What sort of substance does a
car need for it to run?

The correct answers include the following:
Cars have a combustion engine.
Combustion engines require oxygen for
them to work.
CO2 is a heavy gas which continues to
‘float’ on the ground.
CO2 expels the oxygen from the vehicle
engine such that it stops running.
Example of a good answer:
A car has a combustion engine. For
combustion, you at least need oxygen.
Carbon dioxide cannot be used for
combustion and therefore brings the
combustion reaction to a halt.
2)

For the teacher:
Let the students use the issue chart. The
conclusion must be a reflection of the
arguments which appear on the issue chart.
The students must write out the conclusions
as though they are personally involved with
the project. It is important that they set out
practical examples.
Example of a good answer:
I do not want any CO2 storage underneath my
house because I don’t want to end up in an
earthquake and for my house to collapse.
CO2 storage can offset the reduction in
pressure caused by gas extraction and thus
ensure soil stability.
4)

Think about two more places where it
would not be suitable to locate a pipeline
to transportCO2. Think also about two
places where it would be suitable to run
such a pipeline.

3.6 Figures and forecasts

Work on this question in pairs. Do a role
play. One person is a technical expert
on a CCS project and the other is an
opponent. At the end of the discussion,
record the conclusion of your discussion.
Try to convince one another using
arguments. To prepare for the role
play, look up ‘CO2 capture and storage
arguments’ on the internet.

1)

Do you think that CCS will contribute
towards a sustainable future? Give two
reasons for and two reasons against.

The correct answer includes the following:
Contributions towards a sustainable
future: the net result will be less CO2 in
the air. CCS is one of the steps required
to counter the climate problem. CSS will
ultimately stimulate the CO2 emissions
market.
No contributions to a sustainable
future: CCS does not stimulate a rapid
move towards sustainable energy. CCS
itself consumes much energy and more
fossil fuels are used.
2)

The correct answer includes the following:
Example of an objection: yes, because
fossil fuels are used to put the CO2 under
the ground and deplete more quickly.
No objection: it is important that
steps are taken to combat the
climate problem, so CO2 has to be
stored below the ground as soon as
possible. The advantages outweigh the
disadvantages.
Neutral: combination of the answers
above.
3)

Would you personally want to live
somewhere where CCS is ongoing? Justify
your answer in a few sentences.

For the teacher: Let the students use the issue
chart. The conclusion must be a reflection of
the knowledge they have accumulated during
the module and therefore of what affects them
in their personal lives.

The correct answer includes the following:
Unsuitable places: urban areas,
motorways, airports, underground
metro.
Suitable places: areas of forestry, rural
areas, underground, under water.
3)

model responses to the assignment

Do you think it is an objection that
storing CO2 uses so much more energy?
Justify your response.

In 2009, the Netherlands consumed
3,262 PJ (Petajoule) of energy. Use books
containing scientific data to look up what
a Petajoule is. Imagine linking 1,200
PJ of energy generated to CCS with an
additional energy consumption of 25 per
cent (prior to CCS). What would the total
energy consumption have been?

The correct answer includes the following:
Petajoule: 1.0 x 1015 J
CCS consumes 25% more energy. So
25% of 1,200 x 1.0 x 1015 = J
-

Total consumption 3,262 x 1015 + 300 x
1015 = 3,562 x 1015 J

4)

Many opponents of CCS see it as fighting
the symptom. One example of fighting
the symptom is painkillers. You take
painkillers because you have a headache,
for example. The painkiller suppresses
the pain but does not remove the cause.
In two sentences, justify why opponents
of CCS see this technology as fighting the
symptom.

The correct answer includes the following:
If we switch to sustainable energy, energy
from fossil fuels will no longer be needed
and therefore no CO2 will be released. CSS is
therefore fighting the symptoms of fossil fuel
combustion.
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Model answers to the test: It’s All About Energy, Part 1 (51 points, 20 questions)
5 points

1

We are facing three great challenges where
energy the future of energy is concerned. List
these three developments and explain how
they are interconnected.

3 points

Correct answers will contain the following:
A) An answer listing the following three factors:
1) The demand for energy will increase at least twofold over the next fifty years
2) Easy oil will become increasingly scarce
3) Greenhouse gas emissions will increase significantly.
B) A clear explanation that these three developments are in conflict with each other,
to a certain extent.

2

The module introduced you to the terms
TANIA and TINA. Explain what these abbreviations mean in your own words and how
relevant they are to the energy debate.

3 points

3

Chapter 1 of It’s All About Energy presented
two perspectives of the future of energy: the
‘Every man for himself’ scenario and the
‘Together we stand stronger’ scenario.
Which of these scenarios is more likely to come
true? Explain your answer in no more than 5
sentences. Provide arguments to support your
position. Use the term ‘sustainability’, and
give an explanation of that term.

2 points

There was no prehistoric ocean; there is no cap rock.

6

Is there a connection between the level of
porosity of a type of rock and the permeability
of that rock?

3 points

Sketch the cross-section of a well with several
casings after cementing.

Yes, the higher the porosity, the greater the permeability of the rock, provided the pores are
interconnected; no, the number of pores need not affect the permeability of a certain kind of
rock: the pores may either be too small or not interconnected.

7

Explain in three steps how petroleum is found.

4 points

Fossil fuels are made up of carbon atoms and hydrogen atoms; oxygen is not necessary per se!
(e.g. natural gas)

5

Give two reasons why why oil is not found in
some parts of the earth.

2 points

Correct answers will contain the following:
A) Determination of the position on the basis of at least one argument with at least one example.
Example of a correct answer:
I think the ‘Every man for himself’ scenario is the most likely one because people are egocentric.
Government and trade and industry are primarily self-centred. I don’t think this is likely to
change very soon. Sustainability means handling the environment in which you live with care,
which is something that is not happening right now.

4

What two types of atoms make up fossil fuels?

2 points

Correct answers will contain the following:
A) An answer explaining the terms TANIA and TINA.
1) TANIA is: There is No Ideal Answer
2) TINA stands for: There Is No Alternative
B) A clear explanation that energy consumption is a fact for which there is no alternative and
that there are disadvantages to every solution.

step 1: investigate whether the area was submerged in prehistoric times;
step 2: transmit vibrations into the ground, collect them and localise the cap rock (or: find cap
rock by means of seismic investigation);
step 3: drill a trial well.

8
Combination of the diagrams on page 2 of 2.3

10
3 points
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9

Given that the density of the mud is 1.234 kg/
m3. You reach an oil field at a pressure of
400 bar (4,000,000 kg/m2) at a depth of 2.7 km.
Is the mud density high enough to prevent a
blow-out? Assume that the average crosssection area of the well is 0.10 m2.

2 points

10

The depth at which oil has been drilled for
on the sea floor currently stands at a record
3051 metres. Explain what equipment was
used for this. Provide two reasons.

2 points

A semi-submersible/drilling vessel: can be held in position by anchors on the sea floor / dynamic
positioning. Can adjust itself to the currents.

11

Production is possible from urban areas by
means of snake wells. Provide two other situations in which snake wells might be used.
2 points
12
Provide a definition of the supercritical phase.

2 points

Relieving a drilling rig that is on fire; production from several adjacent small fields.

The supercritical phase is the phase of a material in which it has the properties of both a gas and
a liquid. The material is not very viscous and yet it has a high density.

13

Give two advantages for using the supercritical
phase for underground CO2 storage.

5 points
Draw a diagram of how CO2 is stored
underground. Use arrows to identify and
indicate the various elements.

Capacity is 0.1 x 2700 = 270 m3 (1p). Mass of mud in well is 270 x 1.234 = 333.18 kg (1p). This means
there is insufficient counterpressure! A blow-out will occur (1p).

The advantages of the supercritical phase is that more CO2 can be stored underground than in
the gas phase and that it is easier to transport underground because it is less viscous than in the
liquid phase.

14
Award 1/2 a point for every correct element.
Capture of
CO2 by-product
Hydrogen factory

CO2 measuring
instruments

Compressor
compresses CO2

Gaseous CO2 is transported via
underground pipeline
Compressor applies
further pressure to the
CO2
Injection well carries
the CO2 deep under
the ground
Observation well
contains measurement
instruments for CO2
storage

Covering layer of
clay is impenetrable
for CO2
CO2 is closed within
the porous rocks of an
empty gas field
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3 points

15

Which three steps make up pre-combustion?
Explain the terms used to identify these three
steps.

2 points

16

What does viscosity mean? Think of an
example in which you explain what exactly
viscosity is or what it does.

1 point

1. Carefully charting the gas field and the cap rock.
2. Carbon dioxide restores the pressure balance, which means there will be less subsidence.
3. Reduce the distance between the plant and the CCS installation.

19

Why did the plan to store CO2 in Barendrecht
fail?

1 point

There may not be any crevices in the cap rock as CO2 can otherwise escape to the surface.

18

Indicate the three factors for the safe storage
of CO2.

1 point

Viscosity is a measure of how ‘syrupy’ a material is. A good example is the comparison between
treacle and water. Water in a glass immediately pours out when you turn it upside down. If you
turn a glass of treacle upside down, it will take a long time for the treacle to run out.

17

What is the most important condition an
empty gas field must fulfil, in terms of safety,
before it can be used for the storage of CO2?

3 points

1. Gasification 2. CO2 collection 3. Combustion.
1. The fuels are split into hydrogen gas and carbon dioxide under the influence of oxygen.
2. Carbon dioxide is collected and fed to the CCS installation via a separate pipeline.
3. The hydrogen gas is combusted, during which electricity is generated.

Local residents did not receive sufficient information. Local residents had too many doubts
about the reliability of the technology.

20

Looking at this from a broader perspective,
why is it important to store CO2 underground.

CCS can provide considerable benefits compared to the emission of CO2, making it easier to
achieve climate objectives.

