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Curriculum designed for elementary 
and middle school students to 
explore solar energy and strategic 
resource management
In partnership with classroom teachers, Total and its Renewables 
Department designed this curriculum to help you educate students in 3rd 
through 6th grade about solar energy and the importance of building a 
sustainable energy future.

This curriculum has been modified by SunPower to align with U.S. national 
education standards, placing a strong emphasis on energy, environmental 
sciences, and English Language Arts. It also integrates engineering, history, 
media arts, mathematics, and technology. SunPower is a U.S.-based solar 
power company with more than 30 years of industry experience. SunPower’s 
educational service—the SunPower Horizons™ Program—strives to educate 
our future STEM workforce in the energy management sector.

If you are currently implementing Next Generation Science Standards in your 
classroom, this curriculum thoroughly covers Human Impact and Energy. 
Your students will have an opportunity to design a solar innovation under 
Engineering Design. As for Common Core State Standards, your students will 
strengthen core skills, such as interacting with authentic texts and expository 
writing via STEM Notebooking.

All lessons and materials are available online (see Table of Contents). We 
encourage you to share student pages in class and have students respond 
to questions and prompts in their STEM notebooks.

We hope you find this curriculum useful and inspiring. Enjoy!

The Total Solar Expert and SunPower Horizons Teams



All media can be downloaded free-of-charge. 
• US-adapted content: www.sunpower.com/horizons
•	 All	content:	www.kit-pedagogique.total.com/en 

What does this 
curriculum contain? 
1. A Teaching Guide that will familiarize you 

with the different curriculum topics, as well as 
providing corresponding STEM Notebooking, 
a proven instructional and evaluation method, 
and Next Generation Science Standards (NGSS). 
The Teaching Guide also includes Activities for 
hands-on learning. It also features a Worksheet 
Summary Table to introduce you to the student 
worksheets.

2. Worksheets for students to explore topics and 
practice skills.

3. Worksheet Keys for answers to worksheets.
4. Solarama Magazine which was written by 

students for students as a result of Total Solar 
Expert’s’ “Young Journalists Competition”. This 
magazine can be used to build literacy skills and 
features puzzles and games.

5. Labs which allow for hands-on exploration of 
solar energy concepts.

6. An Animated Film to encourage students to 
learn more about energy. 

7. A Board Game for students to play while 
reviewing what they have learned.

Teaching Guide Table 
of Contents 
1 Curriculum Topics: Energy Challenges and 

Photovoltaic Energy
• Understanding Energy
• The Energy Challenge
• Climate Issues
• Solutions for Tomorrow’s World
• The Sun’s Energy
• Photovoltaic Solar Energy
• Harnessing Photovoltaic Solar Energy
• Sustainable Development

2 Activities for hands-on learning, including 
tips for successful implementation and 
management.

3 Worksheet Summary Table to introduce 
you to the student worksheets and 
corresponding themes.
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NGSS Phenomena
PS3.B Energy conservation 
and transfer.

Notebooking
Sketch a scene from an activity you 
enjoy. Identify where energy is present. 
For example, if you like to cook or 
bake, you use mechanical energy to stir 
ingredients and thermal energy to heat 
ingredients.

Understanding energy 

Renewable sources of energy are 
inexhaustible over the very long-term, since 
they come directly from regular, constant 
natural phenomena related to the energy of 
the sun and earth. Renewable energies are 
also “cleaner” than energies from fossil sources, 
creating less carbon dioxide (CO2) and less 
pollution. They can be used in a variety of ways 
(electricity, heating, biofuel, etc.) and their share 
of the market continues to grow in the United 
States and worldwide. Biomass, photovoltaic 
solar, wind, and geothermal are all renewable 
energies.

Energy is transferred, energy is transformed
Energy can be transferred from one object 
or system to another. Heat from a radiator is 
transferred to the air in a room, for example, and 
the movement of a bicycle’s pedals is transferred 
to its wheels. When energy is transferred, it 
often changes form. Chemical energy in wood 
is transformed into heat when burned. Wind 
energy captured by wind turbines becomes 
mechanical energy, which is then transformed 
into electricity by generators. Plants convert 
the sun’s energy into chemical energy through 
photosynthesis.

Key concepts: Non-renewable 
and renewable energy
Non-renewable sources of energy —
also called fossil fuels—come from decomposed 
plants (coal) and plankton (hydrocarbons: oil 
and gas) buried deep beneath the earth over 
time. These are limited resources, which cannot 
be replaced (or renewed) within a human 
timeframe. The more we consume, the rarer 
they become.

Energy drives all natural phenomenon, from plant growth to wind and 
the water cycle. Humankind started by harnessing energy directly, using 
fire and the strength of farm animals, and then transformed energy by 
building wind turbines, gas-fueled engines, solar panels, and so on.

What is energy and why does it need to be “sustainable”?

ENERGY  
CHALLENGES
AND PHOTOVOLTAIC  
SOLAR ENERGY
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Notebooking
In the U.S., we import 9.4 million 
barrels of petroleum oil every day to 
produce goods, power our devices, and 
power our vehicles.  Explain how saving 
energy and reducing, reusing, and 
recycling can help reduce pollution and 
preserve the Earth’s natural resources.

Rising demand Energy transition: the end 
of oil or a production plateau?

Energy: a modern day essential

The energy challenge

Most of our needs are currently met by 
non-renewable sources of energy like coal and 
oil. Changing lifestyles in the U.S., and growing 
demand in countries like China and India, have 
increased consumption substantially. However, 
non-renewable resources are limited and 
unequally distributed around the world, causing 
political tensions.

Energy is both vital and precious. We need it to function, feed ourselves, and light and heat our 
homes. Manufacturers, farmers and even artisans use energy to produce essential consumer 
goods—from cars to yogurts to clothing—and we can no longer produce everyday items with- 
out energy. It’s impossible to imagine a hospital without electricity in the U.S.! Since energy has 
become essential to our development, however, global energy consumption continues to rise.

Will we have to do without 
oil one day? 
The energy situation is constantly changing. Rather 
than “peak oil” (which suggests an immediate 
fall in oil production), experts now speak of a 
production plateau. What’s more, the recent 
discovery of so-called non-conventional deposits, 
particularly in the United States, is changing the 
world energy landscape and energy projections. 
Some experts believe we will reach an estimated 
energy plateau of 95 million barrels per day 
globally within the next 10 years, and we currently 
produce and consume 90 million barrels per day. 
Oil production should begin to plateau around 
2020–2025.
If energy demand rises, and non-renewable 
resources become rarer and more expensive 
to explore and use, the price of non-renewable 
sources of energy will rise. On top of this, we are 
facing a major environmental challenge: global 
warming. To meet these challenges, we’ll have to 
make better use of all available energy sources.
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NGSS Phenomena
ESS3.D Human impacts on Earth’s 
systems.

Notebooking
Sketch and label a model of the 
greenhouse gas effect. Include the Earth, 
the sun, at least two gases, and arrows 
that show the direction of the energy.

Air pollution and  
greehouse gases are not the 
same	thing	and	cause	different	
but closely related problems

When we use and burn non-renewable sources of 
energy for transport, heat, and manufacturing, it 
leads to an overabundance of greenhouse gases 
(GHG), particularly carbon dioxide (CO2), one of 
the main greenhouse gases. The natural carbon 
cycle enables the Earth to absorb CO2; through 
photosynthesis, plants and phytoplankton 
(plant-like organisms and algae which live 
suspended in seawater) significantly lower the 
concentration of CO2 in the atmosphere. The 
natural carbon cycle has its limits, however, 
and greenhouse gases continue to collect in 
the atmosphere.

Air pollution and greenhouse gases are two 
very different things and have different effects. 
Additionally, the gases that cause air pollution 
and greenhouse gases aren’t necessarily 
the same. Water vapor is the most common 
greenhouse gas (it accounts for 60% of the 
greenhouse effect) and the overall quantity 
in the air has varied little in recent centuries. 
Although water vapor is a greenhouse gas, it has 
no impact on air pollution.
CO2 is the second most common greenhouse 
gas, accounting for up to 20% of all greenhouse 
gases. Unlike water vapor, CO2 does cause air 
pollution. CO2 is emitted by five main sectors: 
transportation, residential, industry, agriculture, 
and the production of electricity.

...intensified	by  
human activity

The greenhouse effect is a natural process that captures and traps the sun’s 
energy and keeps heat on Earth. Heat is absorbed by the Earth’s surface 
during the day and returns to space at night. However, some solar radiation 
is trapped by gases (water vapor, carbon dioxide, methane, etc.) that are 
naturally present in the atmosphere. These gases capture and reflect the 
heat back to Earth, limiting cooling at night. The atmosphere plays a role 
similar to a greenhouse (hence the name “greenhouse gases”), although the 
physical effect is slightly different. Without this effect, life on Earth would be 
impossible because it would be -18˚C (0.4˚F)!

The greenhouse effect: a natural phenomenon...

Climate issues
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Notebooking
Create a cause-effect table that explains 
how Earth is being impacted by climate 
change due to human activity.

)

Climate issues
The warming of the atmosphere has caused 
climate change, and some of its effects, like 
melting glaciers, are already visible. Other 
phenomena will arise if the climate continues 
to change: more heat waves, heavier rainfall 
or longer droughts, plant changes (such as 
flowering times), and animal migration (such as 
insects that cause outbreaks of disease).
Many people will also be threatened by 
rising sea levels. According to a report by 
the Intergovernmental Panel on Climate 
Change (IPCC) in 2014, the rise in ocean water 
is projected to be from 26–98 cm (10.2–
38.6 in) by 2100—compared with 18–59 cm 
(7.1–23.2 in) in its 2007 report. By the end 
of the 21st century, for example, 80% of the 
1,200 Maldives Islands could disappear 
underwater. The Florida coastline could 
also be affected by serious flooding. Global 
warming has already had an impact on many 
animal and plant species that are now seriously 
endangered. It will also trigger phenomena that 
impact people, human health, the economy, 
and food resources.

Our energy consumption has 
increased 8x since 1950, so it’s not 
surprising that CO2 is collecting 
in the atmosphere, increasing the 
Earth’s temperature. Without further 
policies to combat climate change, 
the Organization for Economic 
Cooperation and Development 
(OECD) projects that greenhouse 
gas emissions will grow by about 
52% by 2050. This would raise the 
global	temperature	by	1.7–2.4˚C	
(3.06–4.32˚F)	compared	to	pre-
industrial levels—at least twice the 
temperature increase seen between 
1899 and 2005.

It makes  
a difference
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Let’s save energy!
Everyone can save energy. In fact, many countries 
run large-scale energy-saving awareness 
campaigns. In the U.S., the Environmental 
Protection Agency (EPA) created the Energy 
Star® program, which certifies efficient products 
and buildings to encourage smart energy usage 
and help decrease greenhouse gas emissions. 
California also employs a cap and trade system 
where companies have to pay or trade if they 
exceed a limit set on greenhouse gas emissions. 
This system encourages investments and 
innovations in renewable energy technologies that 
could help reduce energy usage and pollution.

Diversifying energy sources: 
the energy mix

Energy mix refers to the ratio of different 
energy sources a region or country relies on to 
generate energy. In all world regions, energy 
supply depends upon local economic and political 
conditions, especially accessibility of resources. 
That’s why energy mix varies from place to place. 
For example, California’s sunny weather has 
attracted a number of new solar farm projects.
The challenges aren’t just environmental, however, 
they are also political. Countries generally try 
to avoid depending on a single energy type or 
producer country for all of their energy needs. 
Even in the Middle East, an area known for its rich 
oil reserves, the governing bodies are diversifying 
their energy sources. For example, Saudi Arabia 
plans to install 41 GW of solar energy capacity 
(including 16 GW from photovoltaic sources) 
by 2032.

When used alongside non-renewables, renewable sources of energy such as solar, 
hydro, biomass, and wind are a core solution for growing energy demands, increasingly 
scarce non-renewable resources, and higher greenhouse gas emissions. Rising non-re-
newable energy prices are also making renewable energies increasingly competitive.

The need for complementary energy sources

Solutions for  
tomorrow’s world

The goal of COP21 (a meeting in 2015 of over 195 United 
Nations) was to create a legally binding agreement between 
all nations to keep global warming below a critical threshold 
of 2 degrees Celsius of warming. An increase in renewable 
sources of energy is needed to achieve this goal, particularly in large 
emitter countries like the United States and China. Solar energy will 
be key in meeting this target. Average annual global photovoltaic 
solar energy production has increased by 35% since 1998. Over the 
past decades, the cost of solar has also substantially decreased.

NGSS Phenomena
ESS3.D Human impacts on 
Earth’s systems.

Notebooking
Create a data analysis chart that 
compares the benefits and tradeoffs 
of different renewable and non-
renewable sources of energy.
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)
No energy 
meets all four criteria!

Innovating and identifying  
new solutions

Renewable sources of energy are unlikely to 
replace all non-renewable sources of energy by 
2030, but they can be complementary. In fact, to 
meet growing energy needs, all energy types will 
need to be included in the future energy mix. 
However, choosing the optimal energy mix is not 
easy. A number of different parameters need 
to be taken into account: safety, profitability, 
respect for the environment, social acceptability, 
and energy independence.

Lower costs, better storage, and higher renewable 
energy yields are among the challenges facing 
today’s research and development teams. 
Research teams are also working to harness 
other renewable energy resources, such as 
hydrogen and ocean currents, to help diversify 
our future energy supplies.

No existing energy
is perfect

What is perfect energy?
Perfect energy would have to meet four 
criteria:

n Reliable supplies:  
large reserves that are permanently 
available, located where they are needed, 
and flexible enough to adapt to demand in 
real time.

n Economically competitive:  
investment, logistics, and any 
implementation conditions that relate to 
availability and storage.

n Environmentally friendly: in terms of 
greenhouse gases or other pollutants and 
their impact on the environment, society, 
and security. For example, nuclear energy 
does not produce greenhouse gases when 
used, but must be soundly managed to 
avoid industrial accidents cause by its 
environmental waste.

n Easily transported: clean and safe 
extraction and transportation. For example, 
the extraction and transportation of oil can 
be dangerous and difficult.

Notebooking
Identify two energy challenges and 
provide one solution for each.
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Liquid water is essential to life and needs temperatures between 
0–100˚C (32–212˚F). Venus is too hot. Mars and other distant planets 
are too cold.

For planets or satellites (such as the moon) that are between Venus and Mars, 
the temperature is just right. However, a planet’s mass needs to be big enough 
to support a dense atmosphere. The atmosphere maintains a certain pressure 
on a planet’s surface, making it suitable for liquid water. Earth is one such planet. 
Its mass is ideal for liquid water and it is better positioned relative to the sun than 
its neighbors, so it receives just the right amount of solar energy. The conditions 
are perfect for life. While Earth’s moon is also ideally placed, its mass is too small 
to support water. Therefore, life is not possible on the moon.

Our beloved star 
for thousands of years

The sun: the source 
of almost all renewable  
energy!

The sun’s energy

Humankind understood that the sun was 
essential to life (light, heat, food, etc.) at a 
very early stage. At least 15,000 years before 
the Common Era, the people in Central Asia 
etched shapes that reveal how important the 
sun was to them. Regularly drawn as a circle 
with rays, the sun was an essential symbol. 
Very ancient structures, especially in regions 
inhabited by the Celts, were built in relation 
to where the sun rises and sets. For example, 
once a year during the winter solstice, the sun 
shines directly along the passageways of the 
Gavrinis cairn in Morbihan and the Newgrange 
mound in Ireland. For thousands of years, 
England’s Stonehenge was used as a primitive 
observatory of the sun’s movements. The sun 
is present in all kinds of myths and legends 
around the world. Since the time of Louis XIV, 
the Sun King of France, we often associate 
actors and singers with the sun (or a star).

The solar radiation reaching Earth every day 
contains 10,000 times more energy than 
humankind uses in one day! Since our planet 
is spherical, different latitudes receive different 
quantities of solar energy. This energy is greater at 
the equator than at the poles, causing variations in 
temperature on the Earth’s surface. Solar energy 
heats the air and water; it is therefore the source 
of the winds, currents, and the photosynthesis 
which plants use to create organic matter. When 
we use wind energy, hydro dams, or biomass, we 
are indirectly using solar energy. In fact, the only 
sources of energy not derived from solar energy 
are geothermal and tidal energy. We also use 
solar energy directly through photovoltaic solar 
and solar thermal energy.

NGSS Phenomena
PS3.A Definitions of energy
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What is  
photovoltaic energy? 

How do you transform  
light into electricity?

Does it work when the sky is 
cloudy and in cold countries?

It is the transformation of the sun’s light 
energy into electricity.

This is called the “photoelectric effect.” Light 
is composed of light particles—photons—
containing energy. When the sun’s photons 
hit certain materials, they emit electrons that 
are collected from the surface to produce an 
electrical current.

Yes. Since photovoltaic panels are activated by 
direct solar light and diffuse radiation, not heat, 
they work even if it’s cold or you can’t see the 
sun. The stronger the outdoor luminosity, the 
more electricity the panels produce.

THE ESTIMATED  
LIFE SPAN OF  

A PHOTOVOLTAIC 
PANEL

30 years

Don’t mix them up!

We can use either the sun’s light or 
its heat.
Photovoltaic solar cells use light to 
produce electricity.
Thermal solar cells use heat 
to heat up buildings, which is 
how solar water heaters work. 
Thermodynamic-concentrating 
solar cells use heat to evaporate 
water. This steam spins turbines to 
produce electricity.

Most photovoltaic 
solar panels convert

13–23%
of light to electricity.

This percentage is their 
EFFICIENCY.

Notebooking
Research how a photovoltaic solar 
system works. Draw and label a picture 
of the parts that make up the system.
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Crystalline silicon cells 
This is the most common and reliable 
material, and produces the most electricity at 
a reasonable cost.

Thin-film	cells 
This material is becoming more popular. To 
reduce raw-material costs, thin layers are 
deposited	onto	a	substrate.	Thin	film	cells	
have a lower output than crystalline silicon 
cells,	but	they	are	used	in	different	ways,	
such	as	in	flexible	panels.

Organic cells 
Organic cells are still at the research stage. 
They	are	cheap,	flexible,	transparent,	
recyclable, and made of polymers. They can 
be integrated into anything including clothes, 
bags, and packaging.

Solar cells used in 
photovoltaic solar panels

Everything started in 1839, when French physician Antoine Becquerel observed that certain 
materials made sparks when exposed to light. The reason was clear: the sparks were 
produced by the direct conversion of light into electricity. Becquerel had discovered the 
photovoltaic effect, but it was only put into practice a century later. The first photovoltaic 
panels appeared in 1959. They were first used by the space industry on satellites to

A brief history

Photovoltaic 
solar energy

SILICON IS THE
SECOND MOST-

ABUNDANT 
ELEMENT 
ON EARTH, 

AFTER OXYGEN

Did you know?

2nd

produce their own energy in space. The first experimental 
home powered by photovoltaic panels was built in 1973. In 
the 1980s, solar-powered watches, calculators, radios, and 
weather beacons became widely available. In the mid-1990s, 
Germany and Japan begun encouraging people to install 
photovoltaic panels on their roofs. Since the start of the 2000s, 
many countries have begun to develop photovoltaic energy.

NGSS Phenomena
ETS1.B Developing possible solutions.

Notebooking
Research why some solar cells are 
more efficient than others.



comes from the Greek “photon,” 
meaning light, and the name of Italian 
physician Alessandro Volta, inventor 
of the electric battery. Volt, the unit of 
measurement for electrical tensions, 
was also named for him.

The word photovoltaic

Silicon is a chemical element in the carbon group 
and is an excellent semiconductor. It does not 
exist as a pure free element and is most widely 
distributed in sand, quartz, etc. as various forms 
of silica. It has been used for centuries as an 
essential component of glass. Over the last few 
decades, new uses have been found for silicon 
in electronics (transistors), microelectronics 
(microprocessors in computers and mobile 
phones), and to produce photovoltaic solar 
panels. Silicon is currently the most common 
material used to produce photovoltaic cells. 
More than 85% of panels produced are 
equipped with silicon technology.

Silicon, 
what is it?

Production 
Process

13

1   SILICON
Silicon is from silica, the main component 
of	quartz	and	sand.	An	extremely	effective 
semiconductor, it is the raw material of 
photovoltaic cells. Silicon needs to have a 
purity of 99.999999% to be usable. This is 
achieved using chemical reactions.

2   INGOT
Silicon is melted at a high tempera-
ture and then cooled to make ingots.

3   WAFER
Ingots are cut into 0.2 mm-thin 
slices called wafers.

4   PHOTOVOLTAIC CELL
Wafers are physiochemically treated to make light-sensitive cells: 
at the end of the process they have a + pole and a - pole. They are 
then covered with electrical conductors to absorb current.

5   PHOTOVOLTAIC PANEL
Dozens of cells are assembled, encapsulated in plastic 
film,	and	then	inserted	between	a	glass	sheet	and	a	
backing sheet.

1

2 3

4

5
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There are two photovoltaic solar 
power-generation systems: 
grid-connected and off-grid.

1. Local grid-connected photovoltaic systems 
can be installed on residential rooftops, 
industrial buildings, hospitals and schools, 
and in large ground-mounted solar farms.

2. Off-grid photovoltaic self-supply systems 
can be installed in areas not connected to 
the public grid.
They can supply isolated villages with 
electricity to power lights, water pumps, and 
transmission masts.

Harnessing   
   photovoltaic  
    solar energy  
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A technical challenge: the battery
The main challenge for anyone using self-produced 
solar electricity is storage. To make an off-grid 
system accessible to everyone, you need batteries. 
Today’s batteries, however, are expensive and 
have a short lifespan. They are also difficult to 
recycle. Inventors are researching and developing 
innovative battery technology, however, such as 
batteries made of water, soda, or dirt!

Harnessing   
   photovoltaic  
    solar energy  

Notebooking
Have students research current 
technology for solar power and battery 
storage. What is working? Why are 
scientists challenged with not being 
able to increase solar energy storage? 
Have students design their own solar 
energy battery storage solution.
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On September 8, 2011, a massive blackout occurred in North 
America. Called the Great Blackout of 2011, the power outage 
affected 2.7 million people in Arizona, southern California, and 
Baja California, Mexico. Schools were closed, transportation was 
disrupted, and beaches were closed due to sewage spills. Lack 
of power also caused significant losses to businesses—such as 
grocery stores that had to discard huge amounts of spoiled food. 
For 12 hours, Americans living in the Southwest experienced how 
1.3 billion people around the world live every day.

Sustainable  
development

Energy poverty is the lack of access to modern 
energy services. A large number of people 
around the world—particularly in emerging or 
developing countries—live in energy poverty. 
Access to energy in developing countries is vital 
to improving living conditions, health, education, 
and economic growth. Most people without 
electricity live in rural areas where it is often 
too expensive to connect them to the grid. 
Photovoltaic systems provide a practical solution, 
allowing people to produce electricity where 
they consume it. Existing rural electrification 
programs prove that this works, but it is still 
expensive. The challenge for the years ahead is 
to reduce this cost.

In many developing countries, energy needs 
are met by burning wood, charcoal, agricultural 
waste, and animal manure. These sources of 
energy can be harmful and dangerous. For 
example, in South Africa, candles made of 
paraffin cause fires that kill more than 10 people 
per day. Globally, the World Health Organization 
(WHO) estimated in 2012 that more than 
2 million people, mostly women and children, 
die prematurely every year because of exposure 
to indoor air pollution caused by the burning of 
organic matter. In many countries, the quality 
and safety of energy can still be improved.

Energy poverty restricts 
development

A health risk

NGSS Phenomena
ETS1.B Developing possible solutions.
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Sustainable  
development

One Million Lights
This non-profit organization works to provide 
children and their families with access to clean 
renewable energy by distributing small solar-
powered lanterns. These lights replace dangerous 
wood and kerosene lamps and allow families to 
continue to work and play into the night.

We Care Solar
American students work with their teachers 
to build portable solar suitcases—an easy-to-
use portable solar power unit. The non-profit 
then delivers a solar suitcase and a solar panel 
to schools without electricity in developing 
countries, such as the Philippines.

Solar solutions

Notebooking
Have students research non-profits 
that provide awareness, education, 
services, and supplies to developing 
countries. Have them identify the 
problem/solution, mission, and vision 
of the non-profit organizations.
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Dedicate an entire day to our most important star—and much more!

1. Using the sun to determine the date
Exploration
l What time did the sun rise today? What about yesterday? 
l What time did the sun set today? What about yesterday?

Application
l Are the days getting shorter or longer? 
l What season are we in? 
l Talk about summer/winter solstices. When is the next solstice?

A solar day for your class

Activities

http://www.espace-sciences.org/
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B) Alhazen, Arab scientist 
(965-1039)
It is possible to produce an image of  
the sun in a darkened room by letting 
light through a small hole in one  
of the walls.

C) Leonardo da Vinci,  
Italian artist and scientist  
(1452-1519)
When images of lit objects pass through  
a small hole in a very dark room onto a piece of 
white paper held vertically some distance from 
the opening, you see all the objects on the paper 
in their natural colors and shapes. The objects 
are small and upside down, because the rays 
intersect in the opening.

Let’s start with three observations made by famous scientists:

Always remember, NEVER look at the sun with any kind of optical instrument—
whether a pair of binoculars, glasses, or a telescope. When you look at the sun with 
the naked eye, it can burn the retina. When you look at it with an instrument, you can 
seriously and permanently damage your eyes.

2. Drawing with light  
     (also known as photography!)

A) Aristotle, Greek philosopher 
(384-322 BC)
Images of the sun in partial eclipse are 
projected onto the ground when light filters 
through holes in a sieve or the leaves of a tree. 
The smaller the hole, the clearer the image.
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Materials
l Cardboard (or cardstock) 
l A collection of cardboard pieces with different shapes cut out in the  
 middle (triangle, square, rectangle, etc.)

Show students that under the leaves of a tree you can sometimes see round spots of 
light. Why are the spots of light round when the gaps between the leaves are not?

Experiment
In groups of two, ask one student to 
hold up some thick card stock to the 
sun while another uses both hands to 
project shadows onto the board. When 
both hands are close to the card stock, 
the small squares of light in the finger 
shadows are very clear; when the hands 
are moved away, the small squares 
become blurred and their edges round 
out—they become circles! These are 
images of the sun (images of diffraction).

A) Sun circles under trees 
Subject: science

Repeat this experiment, this time using 
pieces of cardboard pierced with a 
hole in any shape (triangular, square, 
rectangular, etc.). Each time you move the 
cardboard away from the sheet, the light 
spot becomes a circle.
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B) Make a pinhole instrument 
Subject: science

Materials
l Cardboard poster tube with opaque caps
l Pin
l Scotch tape 

	 l Tracing paper

Experiment
l Take a cardboard poster tube with two caps, one at 

either end. Pierce the first cap with a small hole in the 
center with a pin; replace the second cap with a piece 
of tracing paper and secure it with tape.

l Turn the hole to the sun and watch the tracing 
paper. You will see a small round image of the sun. 
Now turn the hole to the landscape. You will see 
an upside-down image of the scene. The small hole 
should let through very little light; if you are in full 
daylight, you won’t see anything. You need to be 
in a dark room to see the image (by staying in the 
classroom, for example).

l The small opening is called a pinhole; it lets through a 
very small beam of sunlight, reducing the brightness 
inside the tube. The image projected by the hole, 
without optical devices, is an accurate image of an 
object. The smaller the hole, the clearer (but dimmer) 
the image.



C) Play with the sun, play in the sun
Subject: science and visual arts
The sun is part of our daily lives. It feeds our imaginations and allows us to 
do all sorts of fun, easy experiments.

Materials
l Mirror 
l CDs 
l Art supplies 

Experiments

 > “Bounce the sun” using a mirror

l Explain to students how one can use a mirror to concentrate light at a 
certain point and increase the temperature. This can be used to ignite 
materials from a distance.

> Separate the sunlight
l Ask students to bring old CDs into class. 
l Expose the CDs to the sun, and watch what happens: 
 the white daylight separates into a rainbow! 
l Ask your students to draw a picture of the rainbow as  
 they see it. 
l You can also try using a jet of water in the sun.

> Draw a “dream” sun (imaginary) 
l Ask your students to draw the sun as they see it. Provide them with 

colored pencils, chalk sticks they can smudge with their fingers, or water-
based paints, if you want them to draw the sun’s diffuse appearance. You 
may also like to give your students the choice of drawing anything they 
wish that relates to the theme of the sun.
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A) Play a board game
Subjects: language arts and sciencee
This board game is a fun way to help students review what they 
have learned from their lessons and worksheets. It’s a suitable 
activity for students who have finished their exercises. If you have 
a projector, organize a game session in small groups with the 
whole class.

You could also ask students to create their own shoots and 
ladders game by drawing their own squares using what they 
know about energy. For example, they could make a shoots and 
ladders game about solar energy or renewable energy, energy 
savings or sustainable development in general.
Handy tip: you can find blank board game templates online to print out for 
students to fill in and decorate.

B) Work on a new episode of the adventures 
of Lucas and Satelli

3. Having fun while you learn

Subject: language arts and science
Lucas and Satelli are two characters invented by 
the Total Solar Expert team to help students com-
plete the activities included in the teaching kit. To 
stimulate the imagination and creativity of your stu-
dents, and to help them express themselves verbally 
and/or in writing, ask them to write the next episode 
in the adventures of Lucas and Satelli.

For example:
n	Lucas needs to do a presentation on photovoltaic 

solar energy and wants to bring Satelli to class with 
him. Imagine what happens next.

n	Charlotte gives Lucas a challenge: since he wants 
to be a solar researcher, can he invent things that 
only work using solar energy? What ideas will Lucas 
come up with?
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C) A school (or city hall!) exhibit
Subjects: language arts, technology skills, and visual arts
l After exploring solar energy in class, ask your students to organize an exhibition at 

school or in your city hall. This will help their friends and family find out more about 
what they have just learned. 

l On the board, jot down possible subjects for the exhibit with your students, such 
as photovoltaic solar energy, the sun and the galaxy, or renewable energies in our 
daily lives.

l Ask your students to come up with a name for the exhibit, and to design a poster 
and an invitation to encourage people to come.

l Divide students into groups to explore different subjects and prepare the exhibit.

l Before the exhibit opens, students can volunteer and prepare to be guides. It will be 
their job to present the class’s work to visitors.

D) What does your local authority think?
Subjects: language arts and civic education
l Towns and cities play an important role in managing energy demand 

and choosing the energy used in such public buildings as schools. Your 
students are curious to know more about the energy sources used in their 
town or village.

l Ask your students to invite a local official in charge of energy and environmental 
services to discuss the energy choices they have made with the class.

n	Write a letter to the city official. (Talk about how to write this 
letter. Ask why they want to invite the official and what they 
want to talk about).

n	Prepare questions to ask the official in advance.

n	During the visit: pick one of the students to act as a note-
taker to record the official’s answers to use in an article for 
the local newspaper.
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n	Researcher

n	Picture editor

n	Editor-in-chief and journalists

n	Layout designer

l Create a schedule for each task: How do you start? 
Who needs whom to begin? Who has to work with 
whom? For example: the editor works with the 
layout designer.

E) Our Solarama Junior paper!
Subjects: language arts, technology 
skills, and visual arts
l Ask students to produce their own newspaper on solar 

energy for their school friends.

l Over several work sessions with your students, 
decide on:

l Then divide up the “jobs” among small groups, 
explaining what each job involves and what is 
expected of them:

n	The name of the newspaper

n	The format

n	A mascot

n	The subjects the newspaper 
 will address
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> Debate ideas

n	What can I do, at my age, to protect my planet?

n	For and against cars in towns.

n	What are the advantages and disadvantages of 
solar energy in our daily lives?

n	Talk about what you know about.

n	Do not interrupt.

n	Do not monopolize the floor (everyone should say 
something, otherwise it’s not a debate 
—it’s a dialogue).

n	Use the debate to remind students that it is the 
basis of democracy. For example, debate is used 
in Congress, during complex projects, or at a 
conference on global warming.

F) Class debate
Subjects: language arts, technology skills, 
and visual arts
l Remind students of debating rules:

You could ask students to role-play. For example, 
pretend to be a local official, a representative of an 
ecology organization, a business that wants to build a 
fun park, someone who is looking for a job, a child who 
wants to play on the merry-go-round, etc. Brainstorm 
what that person would say. Then assign a student(s) 
to each role.
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Worksheet 1: The sun — our star

Subjects Language arts, mathematics, science.

Educational goals Understand the solar system and the sun’s role for humankind.

NGSS Phenomenon NA.

Exercises Skills

Exercise 1:
The sun’s word family

Language arts: Understand word construction 
	 (root	words,	prefixes,	suffixes,	word	families).

Science: Research	the	meaning	of	scientific	words	and	expressions.

Exercise 2:
Earth/sun size ratio

Language arts: Read	text	and	search	for	information.

Mathematics: Determine orders of magnitude.

Exercise 3:
True or false about the sun

Language arts:	 Read	text	and		test	understanding.

Exercise 4:
Solar system presentation 
and diagram

Science: Distinguish between planets in the solar system 
	 (characteristics,	orders	of	magnitude).

Language arts: Understand	text	and	synthesize	information	to 
 caption an image.

Exercise 5:
Table about planets

Science: • Distinguish between planets in the solar system 
	 	 (characteristics,	orders	of	magnitude).

 • Understand planetary concepts: day, year, 
  rotation, revolution.

 • Read a table.

 • Formulate a hypothesis.

Language arts: Write a well-argued answer.

Exercise 6:
Fill-in-the-blank	exercises

Language arts:	 Understand	text	and	synthesize	information.

Science:	 Review	a	diagram	and	find	information.

Exercise 7:
Understanding a model

Science: Review a diagram and formulate a hypothesis.

Language arts: Write a well-argued answer.

Exercise 8:
The sun’s role

Language arts:  Understand terms and make logical links.

Science: Understand the sun’s role for Earth and humankind.
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Worksheet 2: The sun in tales and legends

Subjects Language arts, science, general knowledge, geography, history.

Educational goals Improve language skills, formulate hypotheses, enhance 
general knowledge.

NGSS Phenomenon Humans can harness the sun’s energy to cook food, 
dry clothes, and more.

Exercises Skills

Exercise 1:
Myths and the sun

Language arts: •	 Understand	text	and	synthesize	information.

 • Look up a word in the dictionary.

Exercise 2:
Rewrite the myth of Icarus

Language arts: • Use the present tense.

 •	 Identify	lexical	fields.
General knowledge: Explore	a	myth	and	symbolic	meanings.

Exercise 3:
Objects	that	help	you	light	a	fire

Language arts:	 Read	and	understand	text.

Science: Deduce information and reproduce it in diagram form.

Exercise 4:
Can	you	light	a	fire	at	night?

Science: Synthesize information and formulate a hypothesis.

Language arts: Write a well-argued answer.

Exercise 5:
Archimedes and “eureka”

Language arts: Solve a riddle and learn vocabulary.

Exercise 6:
Sun gods around the world

Language arts:	 Understand	text	and	reproduce	information

General knowledge:		 Explore	world	cultures.

Geography:  Read a planisphere.

Exercise 7:
The Colossus and the Statue 
of Liberty

Language arts:  Understand terms and make logical links.

History:	 Look	at	different	historical	periods.
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Worksheet 3: What	is	energy?

Subjects Science, language arts, history, general knowledge.

Educational goals Understand concepts about energy, its sources and needs 
through history.

NGSS Phenomenon Energy	comes	in	different	forms.

Exercises Skills

Exercise 1:
Energy sources and consumption

Science: • Understand the concept of energy. 
 • Distinguish between energy sources and consumption.

Exercise 2:
A brief history of energy

History: •	 Explore	different	periods	in	history	with	key	dates. 
 • Understand the role of the Industrial Revolution.

Language arts: Find information and put it in order.

Exercise 3:
The Queen of Tarts

Language arts: •	 Understand	text	and	formulate	an	idea. 
 • Conjugate in the present tense.

General knowledge:  Explore	a	famous	fairy	tale.

History:	 Identify	different	lifestyles.

Exercise 4:
Daily life in the 18th century

Language arts: Write a well-argued answer.
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Worksheet 4: Different	types	of	energy	and	their	uses

Subjects Language arts, science.

Educational goals Understand	different	energy	sources	and	their	uses,	read	text	and	
reproduce the information.

NGSS Phenomenon Energy transfers and transforms.

Exercises Skills

Exercise 1:
Myths and the sun

Language arts: •	 Read	text	and	synthesize	information.

 • Find information to caption a document.

Science: •	 Understand	different	energy	sources.
 • Distinguish between non-renewable and 
  renewable energy.

Exercise 2:
Non-renewable	(fossil	fuels)	and	
renewable	energies:	definitions

Language arts: Read	text	and	reproduce	a	piece	of	information.

Science: •	 Understand	different	energy	sources.
 •	 Understand	the	characteristics	of	different 
	 	 energy	sources	(non-renewable	and	renewable).

Exercise 3:
Functions of energy

Science: • Understand the main functions of energy.

 • Understand the concept of resource 

Language arts: Use a table to classify data..

Exercise 4:
The uses of solar energy

Language arts: Read	text	and	fill	in	a	piece	of	information.

Exercise 5:
Report on daily life

Language arts: Make observations and write a short summary of them.
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Worksheet 5: Photovoltaic solar energy

Subjects Language arts, science, mathematics.

Educational goals Understand how photovoltaic solar energy works, 
do calculations, formulate hypotheses.

NGSS Phenomenon Humans use Earth’s elements to make technological devices.

Exercises Skills

Exercise 1:
Two solar houses

Language arts: Understand	an	image	and	text	and	fill	in	the	information.

Science: Understand how photovoltaic solar energy works in 
 our daily lives.

Exercise 2:
Coded message sums

Mathematics: Solve a riddle using simple addition, subtraction,   
 multiplication and division.

Exercise 3:
Quiz

Language arts:	 Understand	text	and	synthesize	information.

Science: Understand the history of photovoltaic solar energy and 
 how it works. 

Exercise 4:
Panels	and	sunflowers

Science: •	 Extract	information	from	several	paragraphs.

 • Understand the sun’s movements.

Language arts: Write a well-argued answer.

Exercise 5:
Recipe for a photovoltaic panel

Language arts: •	 Understand	text	and	reproduce	information.

 •	 Write	text	in	the	present	and	imperative	tenses.

Exercise 6:
The photo word family

Language arts:	 Understand	word	construction	(root	words,	prefixes,		  
	 suffixes,	word	families).
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Worksheet 6: Energy challenges: the environment

Subjects Language arts, science, general knowledge, geography.

Educational goals Understand	the	causes	and	effects	of	global	warming	on	the	
environment, read a graph, do research.

NGSS Phenomenon Humans have an impact on the environment.

Exercises Skills

Exercise 1:
Greenhouse-gas diagram

Language arts: Understand	text	and	reproduce	information	to 
 caption a diagram.

Science: Understand the “greenhouse gas” concept.

Exercise 2:
Greenhouse-gas diagram

Language arts:	 Understand	text	and	reproduce	information.

Science: Understand what causes greenhouse-gas emissions

Exercise 3:
Temperature changes

Science:	 Read	a	graph	and	extract	data.

Exercise 4:
The Sea of Ice

Geography: Identify and describe parts of a landscape.

Science: Observe a phenomenon and formulate a hypothesis.

Exercise 5:
The	effects	of	global	warming

Language arts: Understand an image and synthesize the 
 information in writing.

Science:	 Understand	the	effects	of	global	warming.

General knowledge: Do research to answer a question.

Exercise 6:
Speed and pollution

Science:	 Extract	information	from	a	document.

Language arts: Synthesize information in a dialogue.

Exercise 7:
Crossword to generate information

Language arts:	 Solve	riddles	and	understand	a	word	using	its	definition.
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Worksheet 7: The human challenges of sustainable development

Subjects Language arts, geography, civic education, mathematics.

Educational goals Understand the concept of human development, use information 
from	a	document,	write	text	to	express	a	point	of	view.

NGSS Phenomenon Humans depend on Earth’s natural resources for energy to power 
up their lives.

Exercises Skills

Exercise 1:
Human development

Language arts: •	 Understand	text	and	reproduce	information. 
 • Write a well-argued answer. 
 •	 Look	up	a	definition	in	the	dictionary. 
 • Give a document a title.

Geography: Understand the concept of human development.

Civic education: Understand the rights of the child.

Science: Understand the “greenhouse gas” concept.

Exercise 2:
Population distribution and 
energy consumption

Geography: • Read a graph and reproduce the information 
  in a table. 
 • Understand the discrepancy between energy  
  consumption and distribution of human population. 
 • Understand the distinction between North and South.

Language arts: • Write a well-argued answer. 
 • Formulate a hypothesis.

Exercise 3:
Access to electricity around 
the world

Geography: •	 Read	a	planisphere	and	extract	information. 
 • Understand the continents. 
 • Grasp the notion of resource inequality.

Exercise 4:
The role of electricity in development

Language arts:	 Understand	information	(text	and	image)	and	content.

Exercise 5:
Proportionality calculation

Mathematics: Use a proportionality table to solve a problem.

Language arts:	 Formulate	a	written	conclusion	to	explain	a	result.

Exercise 6:
Population and private transport

Language arts:	 Express	a	point	of	view	and	defend	it.

Exercise 7:
Consumption	of	different 
energy sources

Geography: •	 Read	a	graph	and	extract	information. 
 •	 Understand	the	concept	of	an	energy	mix.

Language arts: • Write a well-argued answer. 
 • Formulate a hypothesis.

Exercise 8:
Image description

Language arts: Understand the image and write a short description.
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Worksheet 8: The sun and geography

Subjects Language arts, geography, civic education, science.

Educational goals Learn the main characteristics of United States geography; 
understand how energy production is adapted to geography.

NGSS Phenomenon NA

Exercises Skills

Exercise 1:
United States maps of temperature, 
precipitation, solar insolation 
and climates.

Geography: 1. Understand basic information about seasonal changes  
         in temperature and precipitation in the United States.

	 2.	Understand	differences	in	solar	insolation	across	the	 
     United States.

 3. Use a map key.

 4. Understand the climates of the United States.

 5. Reproduce a map and its captions.

Exercise 2:
Synthesis of United States maps

Geography/	 Extract	data	from	maps	and	reproduce	it	in	a	table. 
Language arts:

Exercise 3:
Presence of solar plants in the 
United States

Geography: Understand the regions of the United States and identify 
	 differences	in	sunshine.

Civic education: Understand the role of local government in energy choices.

Language arts: Read a document and draw a conclusion.

Exercise 4:
Key words about geography 
and the sundevelopment

Language arts: • Learn vocabulary 
 • Highlight keywords about a subject.

Exercise 5:
Using trackers

Language arts:	 Develop	a	strategy	to	find	missing	information.

Science: • Understand the sun’s movements. 
 • Understand how photovoltaic technology is adapted 
  to a natural phenomenon.

Exercise 6:
Sun and health: rickets

Science: •	 Understand	how	the	environment	can	be	beneficial 
  and harmful to health.

 • Understand the role of vitamins and minerals in 
  bone growth.

Exercise 7:
Sun and health: protecting 
your skin

Science: •	 Understand	how	our	behavior	can	be	beneficial	and	 
  harmful to health.

 • Understand how to protect yourself from the sun.

Exercise 8:
School transportation

Language arts: • Understand documents to reproduce information.

 • Caption documents.

Geography: Understand modes of transport.
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Worksheet 9: Everyone can save energy and be an eco-citizen!

Subjects Science, civic education, mathematics, language arts.

Educational goals Understand and take responsible actions to save energy 
in	your	daily	life	(at	home,	when	using	transportation,	etc.).

NGSS Phenomenon Saving energy and water can help conserve/preserve 
Earth’s natural resources.

Exercises Skills

Exercise 1:
Situations and behaviors to adapt

Science: Understand daily energy uses.

Civic education: Identify ways of limiting energy use.

Exercise 2:
Quiz to help you make the 
right choices

Civic education: Identify situations that promote 
 environmentally-friendly behavior.

Exercise 3:
Three situations to decipher

Language arts: •	 Read	and	understand	text. 
 •	 Develop	a	strategy	to	find	missing	information.

Civic education: Understand the impact of daily practices on energy use.

Exercise 4:
Calculation maze

Mathematics: Solve a problem by doing simple calculations.

Exercise 5:
Eco-responsible posters

Language arts:	 Express	a	point	of	view	and	defend	it.

Civic education: Understand the concepts of population 
 and consumption.
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Worksheet 10: Energía solar: solar energy in Spanish!

Subjects Living language: Spanish

Educational goals Understand how to introduce yourself and answer simple 
questions, talk about the weather, and learn basic solar 
energy vocabulary.

NGSS Phenomenon NA

Exercises Skills

Exercise 1:
Introduce Lucas and Satelli

Living language: Understand how to greet someone and provide basic   
	 information	about	yourself	(name,	age,	friend’s	name).

Exercise 2:
Talking about the weather

Living language: Be able to talk about today’s weather.

Exercise 3:
Colors and adjectives

Living language: • Understand the construction of phrases with 
  qualifying adjective.

 • Describe a character.

 • Understand the vocabulary of color and clothes.

Language arts: Read a document and draw a conclusion.

Exercise 4:
Satelli and solar energy 
and the sundevelopment

Living language: Work out a grammatical construction using a model.

Exercise 5:
Photovoltaic house

Living language: Connect knowledge about solar energy and new 
 Spanish vocabulary.


