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ENERGY LESSON 

Make a model of a PASSIVE SOLAR HOUSE 
 

Background 

The sun’s energy gives us light energy, and heat 
energy. We can use that energy to heat water, air, or 

solids. It is a renewable source of energy that supports 
life on our planet.  

• Create a model of a passive solar house to 

investigate how energy from the sun can heat 
our homes and warm the materials inside. 

• Discover what makes a good solar house by 

designing different models or adding different 
materials to your model and testing them in the 
sun.  

 

Concepts 

• Passive solar design features 

• Heat capacity or thermal mass 

• Insulation, reflection, and 

radiation 

• Experiment with variables 

 

Materials 

Gather as many of these kinds of 
materials as you can find in your 
home.  

• Medium sized cardboard box. 

• Any clear plastic, for the 

windows.   

• A variety of materials that have 

high heat capacity like bricks, 
small or large stones, ceramic 
tiles, cement, or water  

(in a container). 

• A variety of materials that have 

high insulating value, like Styrofoam insulation or Styrofoam packing, straw, quilt 
batting, corrugated cardboard, newspapers, etc. 
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• Light and dark coloured paper, or black paint.  

• A thermometer – the kind you use for cooking or telling the temperature outside, not 

the kind you use when you are sick. 

• Tape, glue, scissors, etc.  

• Chart paper/pencil to record the temperature in the model house over time. 

 

Step 1. What is a passive solar house? 

A passive solar house is heated by the sun’s energy. It is specially designed to absorb the 

sun’s heat and insulate against heat loss when the sun isn’t shining.  

The sections at the end of this lesson called Design Features of Passive Solar Houses and 

Extra information that might be helpful, will help you design your passive solar house model.  

 

Step 2. Design your model house 

• Your model house will be heated by solar power. What will it need to look like? How 

will it absorb heat and hold onto that heat?  

• List or sketch your ideas on paper.  

• Orientation: What direction should the house face in order to capture the sun’s 

heat? 

• Building Materials: How will the floor, walls and roof help to absorb the sun’s heat 

and hold onto that heat when the sun isn’t shining?  

o Colours – dark colours will absorb more heat, light colours will reflect heat, 

o Heat capacity – use materials that will absorb the sun’s heat. These are 
normally hard and/or heavy materials, 

o Insulation – use materials that will keep the heat from moving. 

• Windows: How big will your windows be and where will you place them to collect 

the most heat energy from the sun?  

• Roof Overhangs: How will the roof design and overhangs both allow the sun’s 

energy into the home, and protect it from overheating?  
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Step 3. Build your model house 

• Build the model house using the box and construction materials you have.  

 

• Be safe! Get help to cut out 

windows or cut other 
materials if you need it. 

 

• Note: your house probably 

won’t look like a “normal” 
house, especially if you have 

rocks in it, or pieces of 
Styrofoam, or cement. Don’t 
worry, you are trying to test 
out how it heats up and holds 
onto heat, not whether a TV 

will fit  

 

 

 

 

 

 

 

 

Step 4. Add the thermometer to your model house 

• Before you put the roof on, or close up the windows, place a thermometer inside the 

house where you will be able to read it without opening up the house. The 
thermometer lets you see how the temperature of the inside of your house changes 

over time.  

Thermometer placement: A thermometer placed 
directly in the sun will not read a correct temperature. 
Place the thermometer in a spot inside the model house 
where it will be in shade at all times. If needed, build a 

little “tent” out of a piece of paper to provide shade for 
the thermometer.  

 

  

Results – April 21 

In Sun     inside model        outside 

4:30pm      17ºC                  21ºC 

4:35           20ºC                    “ 

4:45           24ºC                    “ 

In Shade (“nighttime”) 

4:55pm       26ºC                   “ 

5:00           26ºC                   “ 

5:10           24ºC                   “ 

5:15           21ºC                   “ 
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Step 5. Test how well your passive solar house works 

• Place the model in the sun. Outside is best, or in a sunny window. 

o Test 1 – Right away, record the temperature of your model house on your piece of 
paper.  

o Outdoor Temperature Comparison: Each time you record the temperature inside 

the house, record the temperature outside your model house. If the model is 

outdoors, record the outdoor temperature from an outside thermometer, or from a 
weather source like a phone or tablet. If the model is inside your home in a sunny 
window, record the temperature that it says on the thermostat in your home. 
Knowing the outdoor temperature will let you compare how your model is 
absorbing and holding onto heat, compared to the temperature outside the 

model. 

o Test 2 – After 10 - 20 minutes in the sun, record the model house temperature again.  

o Test 3 – After another 10-20 minutes in the sun, measure and record the model 
home’s temperature again. 

 

Step 6. Do you want to make changes to your design? (optional ) 

• Experiment with different materials in the house that you think will make the house 

absorb and hang onto the sun’s energy better than your first design. Retest the new 
design, recording the temperature right away, and after 10-20 minutes. 

 

Step 7. Simulate nighttime 

• Simulate nighttime by placing your home model in the shade. (At night, the sun has 

set, but a passive solar house still retains heat gathered from the daytime sun. It will 
cool down slowly through the night. The longer it retains or holds onto this heat, the 
warmer you will be.)  

o Test 4 – Record the temperature of your model house as soon as you place it in the 
shade. 

o Test 5 – After 5 minutes record the temperature of your model house. 

o Test 6 – After being in the shade for a longer period of time, like 10 – 20 minutes, 
record the temperature again. 

 

Step 8. Share your results 

• Take a picture of your model house to share, or share your test results with friends, a 

teacher, or your parents. Did anyone else make a model house? If so, what did they 
find out? Which common features of the designs successfully captured the sun’s heat, 
and retained it? 
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Temperature Chart: print this chart or just use a piece of paper to keep track of temperatures 
inside and outside your passive house model.  
 

Daytime testing 

 Time Model home temperature Outside temperature 

 
Test 1 

 
 
 

  

 
Test 2 

 
 

 

  

 
Test 3 

 
 
 

  

(Simulated) Nighttime testing 

 
Test 4 

 
 
 

  

 
Test 5 

 
 

 

  

 
Test 6 

 
 
 

  

Design features that may have contributed to temperature changes (list your ideas here) 
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Discussion Questions: 

• What happened to your house when it was in the sun? 

 
 
 

o What was the temperature range inside the house from the 1st to the 3rd 

temperature check? 
 
 

o What was the difference in temperature from outside to inside in each of the first 
three tests? 

 
 

• What happened to your house when it was in the shade? 

 
 
 

o What was the temperature range inside the house from the 4th to the 6th 
temperature check? 

 
 

o What was the difference in temperature from outside to inside in each of the last 
three tests? 

 

 

• If you made more than one model house, or were able to compare with someone 

else’s model, what differences did you notice in how they each reacted in the sun, 
and in the shade? 
 
 
 

• What materials do you think contributed to the model absorbing the most heat? 

 

 
 

• What materials do you think contributed to the model insulating against heat loss? 
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Design features of passive solar houses 

 
A passive solar house is heated by the sun’s energy 

• Active solar – means the house uses 

equipment with moving parts (like pumps) to 
capture the sun’s heat. For example: solar 
thermal panels, that heat water for radiant 

heating. 
 

• Passive solar – means the house uses 

structure and design to capture heat and 
light for the home and hang onto it when the 
sun isn’t shining. 

 

• 4 key design features of a passive solar 

house: 

o Orientation 
o Building materials 
o Energy efficient windows 
o Roof overhangs 

 

• Orientation 

o South facing windows to capture the sun’s warmth 
o Trees on the north side of the house help to cut the wind 

o Shade trees on the west side can help to avoid too much heat gain. 
 
 
 
 

 
 
 
 
 

 
 
 

• Building materials 

o Colour- light colours reflect the sun’s heat, dark colours absorb the sun’s heat 

o Thermal mass or heat capacity – is the ability of a material to store heat. 
Concrete, brick and water have high heat capacity. 

o Insulation – keeps heat from moving through the walls and roof. Styrofoam, 
straw, and fiberglass are good insulators. 
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o This drawing shows sun 
being absorbed into the 
house during the day. 

o Materials with high heat 
capacity like tile floors or 

concrete countertops 
store the daytime heat 
and release it slowly at 
night. 

o Materials with high 
insulation value keep the 

heat from moving. 
 

• Energy efficient windows 

o While the windows in your model house may be made from plastic wrap or just 
cut out of the cardboard, windows in a real house should have airtight panes of 
glass. 

o Multiple panes of glass that are sealed to each other are more energy efficient. 

o Special coatings reflect light, reflecting heat inside in winter and keep the heat 
outside in summer. 

o Blinds or drapes help to reduce heat loss or heat gain, because they prevent 

heat from radiating through the window. 
 

• Roof overhang 

o In winter, the right amount of 

overhang allows the low 
winter sun to reach far back 
into the house to warm 
surfaces that help heat the 
building. 

 
o In summer, the right amount of 

overhang will also keep the 
heat of the high, hot summer 
sun out of the house, helping 
to keep it cool. 
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Extra information that might be helpful 

 

Understanding Thermal Mass or Heat Capacity 

 

Heat capacity (thermal mass) is the ability of a material to 
store heat.  

• Materials that have high thermal mass take a long 

time to heat up, and then release their heat slowly, 
taking a long time to cool down.  
 

• In a building, something with high heat capacity like 

a concrete floor, or stone fireplace helps to 
regulate the home’s temperature.  

o As the house is heating up, some of that heat 
is absorbed by the concrete or stone, so the 
house heats more slowly.  

o As the house is cooling down, the concrete or 
stone releases the heat back into the house, 
so the house cools down more slowly. 

 

Understanding Radiation 

Energy comes from the sun as radiation. We can use this radiation to heat a passive solar 

house. 

• When the sun shines, or 

radiates on a surface, it 
warms that surface. This 

includes walls, furniture and 
us.  

• Surfaces with high heat 

capacity, like a concrete 
floor, or tiled counter will 
radiate that heat into the 
room slowly. This helps to 

keep the room warm after 
the sun is no longer shining 
in. 
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Understanding Insulation 

 

Insulation is material that slows down the movement of heat. It is the material that keeps 
heat from moving through the walls, attics, and the foundations of our homes. 

• In winter, a well-insulated house will keep the heat in, and stay warm and comfortable. 

 

• In summer, a well-insulated house will keep the heat out, and stay cool and 

comfortable. 

 

• Not all insulation materials are equal. R value represents how well the insulation 

material keeps heat from being lost. Materials with higher R values resist heat 
movement better than insulation materials with lower R values. 
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Curriculum Connections 

 
Grade 4 Mathematics N4.1 Demonstrate an understanding of whole numbers to 10 000 (pictorially, 
physically, orally, in writing, and symbolically) by: representing, describing, comparing two numbers, 

ordering three or more numbers. N4.2 Demonstrate an understanding of addition of whole numbers with 
answers to 10 000 and their corresponding subtractions (limited to 3 and 4-digit numerals) by: using 
personal strategies for adding and subtracting, estimating sums and differences, solving problems 

involving addition and subtraction. P4.1 Demonstrate an understanding of patterns and relations by: 
identifying and describing patterns and relations in a chart, table or diagram, reproducing patterns and 
relations in a chart, table, or diagram using manipulatives, creating charts, tables, or diagrams to 

represent patterns and relations, solving problems involving patterns and relations. SS4.1 Demonstrate 
an understanding of time by: reading and recording time using digital and analog clocks (including 24 
hour clocks), reading and recording calendar dates in a variety of formats. 

Science LI4.1 Investigate the characteristics and physical properties of natural and artificial sources of 

light in the environment. LI4.3 Assess personal, societal, and environmental impacts of light-related 
technological innovations including optical devices. 

Social Studies RW4.1 Analyze the strategies Saskatchewan people have developed to meet the 
challenges presented by the natural environment. 

Grade 5 Mathematics SS5.1 Design and construct different rectangles given either perimeter or area, or 

both (whole numbers), and draw conclusions. SS5.2 Demonstrate understanding of measuring length 
(mm) by: selecting and justifying referents for the unit mm, modelling and describing the relationship 

between mm, cm, and m units. SS5.5 Describe and provide examples of edges and faces of 3-D 
objects, and sides of 2-D shapes that are: parallel, intersecting, perpendicular, vertical, horizontal. 

SS5.7 Identify, create, and analyze single transformations of 2-D shapes (with and without the use of 
technology). SP5.1 Differentiate between first-hand and second-hand data. SP5.3 Describe, compare, 
predict, and test the likelihood of outcomes in probability situations.  

Science WE5.1 Measure and represent local weather, including temperature, wind speed and direction, 

amount of sunlight, precipitation, relative humidity, and cloud cover. WE5.2 Investigate local, national, 
and global weather conditions, including the role of air movement and solar energy transfer. 

Social Studies RW5.1 Explain the importance of sustainable management of the environment to 
Canada's future. 

Grade 6 Mathematics P6.1 Extend understanding of patterns and relationships in tables of values and 

graphs. SP6.1 Extend understanding of data analysis to include: line graphs, graphs of discrete data, 
data collection through questionnaires, experiments, databases, and electronic media, interpolation 

and extrapolation. SP6.2 Demonstrate understanding of probability by: determining sample space , 
differentiating between experimental and theoretical probability, determining the theoretical 
probability, determining the experimental probability, comparing experimental and theoretical 
probabilities. 

Science EL6.1 Assess personal, societal, economic, and environmental impacts of electricity use in 
Saskatchewan and propose actions to reduce those impacts. 

Social Studies RW6.2 Contribute to initiating and guiding change in local and global communities 
regarding environmental, social, and economic sustainability. 

Grade 7 Mathematics P7.1 Demonstrate an understanding of the relationships between oral and written 

patterns, graphs and linear relations. SP7.3 Demonstrate an understanding of theoretical and 
experimental probabilities for two independent events where the combined sample space has 36 or 
fewer elements. 

Practical and Applied Arts 

Science HT7.1 Assess the impact of past and current heating and cooling technologies related to food, 

clothing, and shelter on self, society, and the environment. HT7.2 Explain how understanding differences 
between states of matter and the effect of heat on changes in state provide evidence for the particle 

https://www.edonline.sk.ca/webapps/moe-curriculum-BB5f208b6da4613/CurriculumOutcomeContent?id=149&oc=78497
https://www.edonline.sk.ca/webapps/moe-curriculum-BB5f208b6da4613/CurriculumOutcomeContent?id=149&oc=78535
https://www.edonline.sk.ca/webapps/moe-curriculum-BB5f208b6da4613/CurriculumOutcomeContent?id=58&oc=24868
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theory. HT7.3 Investigate principles and applications of heat transfer via the processes of conduction, 
convection, and radiation.  
Social Studies RW7.3 Assess the ecological stewardship of economies of Canada and the circumpolar 
and Pacific Rim countries. 

Grade 8 Health Education USC8.6 Examine and assess the concept of sustainability from many 
perspectives, and develop an understanding of its implications for the well-being of self, others, and the 

environment. AP8.10 Design, implement, and evaluate three seven-day action plans that establish 
multiple supports for responsible health action related to family roles and responsibilities, non-curable 
infections/diseases, violence and abuse, body image, sustainability, and sexual health. 

Mathematics SS8.2Demonstrate understanding of the surface area of 3-D objects limited to right prisms 
and cylinders (concretely, pictorially, and symbolically) by: analyzing views, sketching and constructing 
3-D objects, nets, and top, side, and front views, generalizing strategies and formulae, analyzing the 

effect of orientation, solving problems. SP8.1 Analyze the modes of displaying data and the 

reasonableness of conclusions. SP8.2 Demonstrate understanding of the probability of independent 
events concretely, pictorially, orally, and symbolically. 

 


