Introduction
LEGO® Education is pleased to bring you the 2009694 Activity Pack
for Renewable Energy Add-on Set.

Who is it for?
The material is designed for introducing and teaching the topic
of renewable energy for key stage 2 and key stage 3. Working in
teams, students can build, investigate and learn from the models
and activities.

What is it for?
The Renewable Energy activity pack and Add-on Set enables
students to work as young scientists, engaging them in science,
engineering, technology, design and mathematics. The Renewable
Energy activity pack and Add-on Set promotes a challenging
classroom environment and actively engages students in scientific
inquiries, reasoning and critical thinking. They are challenged
to make assumptions and predictions, bringing together their
many experiences and knowledge from different subjects. They
utilize their skills, creativity and intuition to actively create new
understanding.
Using the activity pack, students are encouraged to involve
themselves in real world investigations and to come up with their
own solutions for solving specific problems. They are asked to
design and redesign, to build and reflect on the models. They are
also asked to observe and explain how changing variables affect
these models and then to record and present their findings. In this
way, the students experience for themselves how engineers and
designers use scientific knowledge and understanding.

What is in the set and the activity pack?
The 9688 elements
The set consists of five full-colour Building Instruction booklets for
the six main model activities and the following elements: LEGO
Energy Meter (consisting of two separate elements: Energy Display
and Energy Storage), LEGO Solar Panel, E-Motor, Blades, LED
Lights and a 50 cm Extension Wire. This set is an add-on set to be
built with the 9686 set. All of the 9688 elements fit into the bottom
section of the 9686 storage box.
The 2009694 activity pack
The activity pack consists of six main model activities and four
Problem-solving Activities that deal with potential and kinetic
energy. Also included is a curriculum section that pinpoints the
key learning concepts covered, Teacher’s Resources with a short
introduction to the topic Renewable Energy and a section regarding
potential and kinetic energy, an element guide and a glossary with
definitions of essential terms.
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How to use it?

1A

1B

Building Instructions
There are two Building Instructions, booklet A and B, for each of
the main models. The building instructions are designed for two
separate building processes, each building only half a model. By
combining the two sub-assemblies, students work together to
create a single, sophisticated and powerful model.
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Teacher’s Resources
This area contains the following three sections:
• Renewable Energy
• Potential and Kinetic Energy
• Element Guide
Each section includes materials that can be used to present the
topic Renewable Energy to both students and teachers.
Renewable Energy
This section describes how the Sun, as our primary energy source,
drives our weather systems and our water cycle. The topic can
be presented in class with the help of the illustrations provided.
Following the illustrations is an introduction to some of the
technologies behind capturing and exploiting renewable energy
sources. This section also provides a potential consolidation and
clarification of the concept Renewable Energy, including a section
on class discussion.

Renewable Energy

Solar Energy

Renewable Energy
Renewable Energy
All renewable energy sources derive from the Sun. The Sun provides the energy that drives our
weather systems and water cycle. It is the prime source of all energy on Earth and it is essential
for all forms of life on Earth. Renewable energy is the exploitation of energy from naturally
occurring phenomena, such as ocean tides and wind. Renewable energy quickly replaces itself
and is generally available as a never-ending source.
Sun
The Sun has an immense output of energy.
Energy from the Sun is called solar energy
and is emitted with many ranges of
wavelengths. Only a small part of this energy
is intercepted by the earth, reaching us, e.g., in
the form of visible light. The amount of power
in the Sun’s rays that reach Earth is measured
in watts per square meter.

Wind
The Sun’s heat is absorbed quicker by land
than by the ocean. Warm air over land is less
dense then the cool air over the ocean, so it
rises and is replaced by the cooler air over
the ocean. This movement and changes in
temperature is responsible for the movement
of air in the atmosphere.

Water
The Sun’s heat warms the water in the oceans
causing it to evaporate as water vapour
into the air. This water vapour condenses
into clouds and falls back to the surface as
precipitation, e.g., rain and snow. The water
flows through streams and rivers back into the
oceans, where it can evaporate and begin the
cycle over again.

Visible light

Solar energy can be captured by, e.g., solar cells. Many solar cells assembled together are
called solar panels. Solar panels are designed to capture the suns energy and convert it to more
exploitable forms, such as heat or electricity. Technologies linked to solar energy are:
Cool air

• Passive solar energy, in which the energy in sunlight is used for light and heat. In passive solar
building design the Sun’s energy contribution is fully optimised.
• Active solar water heating systems, in which the Sun’s heat energy is transferred to special
fluids held in solar collectors. This fluid is pumped through pipes in water tanks and the heat
energy transferred to the water.

Warm air

• Photovoltaics, in which the energy in visible light from the Sun is converted directly into an
electric current by means of solar cells. Using the photoelectric effect, ‘loose’ electrons in the
upper layer of the solar cell are caused to move, thus creating an electric current that can be
used to operate an electrical device.

Condensation
Precipitation
Evaporation

Upper layer
Junction layer
Lower layer
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Potential and Kinetic Energy

Student Worksheet

(Building Instruction booklet I, page 9 step 11).
Let the cart roll down the ramp and explain what has
happened in terms of potential and kinetic energy.

Potential and Kinetic Energy

60

10 cm

A1

cm

Energy cannot be made or destroyed as stated in the Law of Conservation of Energy and it can
come in a variety of forms. Each form can be categorised as either potential energy or kinetic
energy.
Potential Energy
Potential energy is stored energy due to an objects relative position and mass. Should changes
to the objects position occur, the potential energy of the object will increase, decrease, remain
constant or be released, in which case it will be converted into other forms of energy.
Two forms of potential energy are gravitational potential energy and elastic potential energy.
Gravitational potential energy is the energy stored in an object as a result of the Earth’s
gravitational pull. A ball half way up an inclined plane has gravitational potential energy as a
result of gravity trying to pull the ball back down to its original position. How much gravitational
potential energy the ball possesses depends on the mass of the ball, its vertical position or
height and the gravitational acceleration of the Earth.

Did you know?
There are several other
forms of potential energy,
like electrical potential
energy and chemical
potential energy.

(Building Instruction booklet I, page 9 step 12).
Let the cart roll down the ramp and explain what has
changed and what has happened in terms of potential and
kinetic energy.

60

10 cm

A2

cm

In other words, this means that if the ball was moved further up the inclined plane its potential
energy would increase. If the ball was moved further down the inclined plane its potential energy
would decrease and if the ball was let go its potential energy would be released and converted
into kinetic energy as it rolls down.

A3
Let the cart roll down the ramp and explain what has
changed and what has happened in terms of potential and
kinetic energy.
60

LEGO and the LEGO logo are trademarks of the/sont des marques de commerce du/son marcas registradas de LEGO Group. ©2010, 2016 The LEGO Group.

Element Guide
This section describes how to get started with the 9688 Renewable
Energy Add-on Set. The elements, their features, functionality,
technical specifications and their operating instructions are
described. Before introducing the main activities, we recommend
that you demonstrate the Energy Meter to your students.
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Potential and Kinetic Energy
This section describes how potential and kinetic energy can
be introduced to students through hands-on and engaging
investigations. Students are challenged to first study the definition
and explanations of potential and kinetic energy. While progressing
sequentially through the activities using the Student Worksheet and
Building Instruction booklets, students will be challenged further
to apply their knowledge while investigating and recording their
findings. In Teacher’s Notes, you will find suggested answers to the
questions posed in the Student Worksheet.
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Energy Meter

21

Element Guide

How to get started
To install the Energy Storage, simply slide it down onto the Energy Display. To remove the Energy
Storage, press the plastic tab located on the rear of the unit and gently press down to slide it off.

LEGO Energy Meter

• Disconnect after use, to optimize the lifetime of the Energy Storage
• Store at room temperature in a clean, dry place away from heat and frost.

How to get started

To charge the Energy Meter:
· Connect the Energy Meter either to the LEGO® Power Functions Battery Box supplied with six
new batteries or the LEGO Power Functions Rechargeable Battery Box in order to charge the
Energy Storage
· Turn on the Energy Meter by pressing the green On/Off button, check that the display is on
· Let the LEGO Power Functions Battery Box or the LEGO Power Functions Rechargeable Battery
Box charge the Energy Meter by leaving them connected for three hours or until the display
turns off. After this the Energy Storage and thereby the Energy Meter is fully charged

®

The Energy Meter consists of two parts: the LEGO® Energy Display and LEGO Energy Storage.
The Energy Storage fits onto the bottom of the Energy Display.
To install the Energy Storage, simply slide it down onto the Energy Display.

Energy Display

Energy Storage

To remove the Energy Storage, press the plastic tab on the back and...

To discharge the Energy Meter:
· Disconnect all wires and other devices from the Energy Meter
· Press the green On/Off button for 10 seconds until a triangle with an exclamation mark appears
blinking with one second intervals on the display
· Let the Energy Meter remain like this for approximately 1½ hours or until the display turns off.
After this the Energy Storage and thereby the Energy Meter is fully discharged

press the Energy Storage down to slide it off.

If you wish to cancel the discharge, simply press the On/Off button to turn off the Energy Meter.
To return to normal mode, turn on the Energy Meter again.
For more information see www.legoeducation.com
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Teacher’s Notes
This section describes key learning areas, hints, questions, answers
and vocabulary specific to the activity, and further ideas for
investigation. In some cases, additional materials will be necessary
for setting up the activities and investigations. These will be listed.

Wind Turbine

Teacher’s Notes

Science
• Energy accumulation
• Energy conversion
• Scientific investigation
Design and technology
• Improvements through technological design
• Assembling components
• Evaluating
Engineering
• Engineering design
• Identifying energy
• Investigating and evaluating variables
Mathematics
• Measuring distance
• Reading measurements
Wind turbines have the ability to convert the wind’s kinetic energy into electrical energy. They are
used to generate electricity for large utility grids and in isolated locations, such as rural farms.

Vocabulary
• Efficiency
• Power
• Voltage
• Wattage

The lessons follow LEGO® Education’s 4C approach: Connect,
Construct, Contemplate and Continue. This approach enables your
students to progress naturally through the activities.

Teacher’s Notes

Connect

Wind Turbine

Now build the Wind Turbine and investigate its ability to generate power.

Other materials required
• Adhesive tape
• Fan with an effect of at least 40 W
• Ruler or measuring tape
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Connect
Connect a new learning experience to those you already have and
you add to your knowledge. An initial learning experience is a seed
stimulating the growth of new knowledge.
Real-life photographs with a short text are provided to help students
identify and connect to the chosen activity and the main model.
We suggest using the text and photograph as a starting point for
a class discussion or draw on your own experiences to provide an
engaging introduction to the activity. Please also consider involving
current events related to the topic, both near and far, to set the
scene for the students.
Construct
Constructing models engages both hands and minds.
Using the Building Instructions, students build models embodying
the concepts related to the key learning areas. Suggestions
are provided for testing and ensuring each model functions as
intended.
Contemplate
Contemplation provides the opportunity to deepen the
understanding of previous knowledge and new experiences. The
scientific nature of the activities encourages the students to discuss
and reflect on their investigations and adapt ideas to the task at
hand.
This phase provides the opportunity for you to begin evaluating the
learning outcome and progress of individual students.
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Continue
Continued learning is always more enjoyable and creative when
it is adequately challenging. Maintaining a challenge and the
pleasure of accomplishment naturally inspires the continuation
of more advanced work. Extension ideas are therefore provided
to encourage the students to change or add features to their
models and to investigate further – always with the key learning
area in mind. This phase allows the students to operate at different
speeds and levels conducive to their individual capabilities.
Activities challenge the students to creatively apply their knowledge
and reflect on model design and the effect of changing certain
variables.

Student Worksheets
Each worksheet has a focused approach following the 4Cs and
includes easy-to-read pictorial guidelines. The students can use
and explore their models with little teacher assistance. They will
be able to predict, investigate, measure, read and record findings,
change the models to compare and contrast findings, and draw
conclusions.
We suggest that students are allowed to work in teams. Each
activity challenges students to predict an outcome, to investigate
and finally read and record findings. Students should be
encouraged to investigate their predictions at least three times to
be confident that their results are reliable. When their main findings
are recorded, they discuss their results, reflect on them and adapt
ideas. Finally, students are challenged to identify variables and
explain clearly how these affected the model’s efficiency.

Student Worksheet

Wind Turbine

Wind Turbine

Student Worksheet

Three blades and changing the distance
(Building Instruction booklet 3A and 3B, to page 44 step 1).

Name(s):

Turn off the fan and remove three blades from the Wind
Turbine.

Date and subject:

First, predict the voltage (V) and power (W) generated by the
Wind Turbine at a distance of 30 cm.

Build the Wind Turbine
(Building Instruction booklet 3A and 3B, to page 43 step 18).
• Test the model’s functionality. Loosening bushings can
reduce friction
• Connect the plugs properly by pressing them firmly
together

• Make sure to return the joules (J) reading to zero before
testing
• Align the centre of the fan to the centre of the Wind
Turbine
• Choose a suitable power setting on the fan that makes the
Wind Turbine rotate at an adequate speed and where the
Energy Meters display shows more than 2.0 V on the input
reading.
• Gently ‘turn’ the blades to get the Wind Turbine started if
needed

Then, investigate and read the average voltage and average
power generated by the Wind Turbine. Read and record your
findings.
Remember to reset the Energy Meter before each
investigation.
Next, turn off the fan and change the distance to 15 cm.
Follow the same procedure as described above.

30 cm

30 cm

Six blades and changing the distance
First, predict the voltage (V) and power (W) generated by the
Wind Turbine at a distance of 30 cm.
Then, investigate and read the average voltage and average
power generated by the Wind Turbine. Read and record your
findings. Remember to reset the Energy Meter before each
investigation.

15 cm

My prediction

(V)

(W)

(V)

(W)

My average findings

(V)

(W)

(V)

(W)

Identifying variables

Next, turn off the fan and change the distance to 15 cm.
Follow the same procedure as described above.

Identify and write down at least three variables, explaining clearly how these affect the efficiency of the Wind Turbine.

30 cm

15 cm

My prediction

(V)

(W)

(V)

My average findings

(V)

(W)

(V)
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The worksheets are an easy-to-use tool for assessing the individual
student’s level and achievement. They can also form a valuable part
of the student’s log books.
Problem-solving Activities
The four Problem-solving Activities focus on applying knowledge
of different renewable energy sources, engineering design,
communication and team work. They all feature real-life settings
describing a problem that needs to be solved. Students are then
challenged to solve the problem through their own design.
The problem descriptions and the clearly defined design brief are
meant to be copied and used by the students. A description of
learning objectives, materials needed, and how to progress and
evaluate the task at hand is teacher information only!
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The suggested Problem-solving model solutions included are
only meant as guiding principles to the problems posed. Students
should always be encouraged to design their own solutions. The
Problem-solving Activities are open to be differentiated to fit your
current curriculum.
How do I handle the Building Instruction booklets?
For easy classroom management we suggest storing the Building
Instruction booklets in binders so that they are close-at-hand and
ready to use at the beginning of each lesson.
How much time is needed?
A double lesson is ideal to be able to explore, build and investigate
in depth most of the extension ideas built into the activities. For the
students to make any creative variations of their own, extra time
might be needed with the Hydro Turbine and Wind Turbine activities.
However, the remaining main models can be built, investigated and
explored, and the parts put away again within a single lesson if the
students are already experienced LEGO® builders.
Students can tackle the Problem-solving Activities in a sequence
of two double lessons. However, it is worth organizing this time as
two or more back-to-back double lessons so that they can immerse
themselves in the problem as would a real engineer or designer.
Enjoy!
LEGO® Education
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