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DESIGNING SOLAR HOMES 
Summer Institute 2017 

Presenter
Presentation Notes
Welcome to the workshop.


A solar home is a home that works with nature to provide heat in the winter and coolth in the summer.  Some solar homes also create electricity with sun light and heat water with sunlight.

What we will do today is learn the principles of designing solar homes.

Then we will:  Use architectural blocks to practice using the solar design principles.
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# 4.  
Use insulation 
to keep heat 
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Solar Design Principles 
1. Use sunlight for warmth. 
 

1. Use shade to stay cool. 
 

2. Use thermal mass to store warmth 
&“coolth.”  
 

3. Use insulation to keep heat in or out. 
 

4. Use air to move heat & coolness. 
 

5. Use daylighting to save energy 
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Presentation Notes
Welcome to the workshop.


A solar home is a home that works with nature to provide heat in the winter and coolth in the summer.  Some solar homes also create electricity with sun light and heat water with sunlight.

What we will do today is learn the principles of designing solar homes.

Then we will:  Use architectural blocks to practice using the solar design principles.
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#1: Use Sunlight: Orientation 
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Presenter
Presentation Notes
Sadly, most architects and developers do not take the orientation of a building into consideration when they design it. I’ve heard it said that most American architects don’t  even know where the sun is in the sky.

The ancients did.  The indigenous inhabitants of  American did; so did the colonial settlers of America.

Not paying attention to the sun is a luxury of a society with an abundance of cheap fuel.

Principle #1:  Aim your windows towards the winter sun.  In the northern hemisphere, the sun goes across the southern sky, starting in the east and finishing in the west.

We want to capture the energy in sun light.  We do so by placing windows on the south side of the house.  The longer dimension of the house should be aimed to the south.
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Direct Gain: 
Glass: the magic solar heating technology 
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Presenter
Presentation Notes
This slide shows a window facing south with the winter sun angle of 30 degrees.  This is the angle of the sun in the winter in the SF Bay area, around 38 degrees north latitude.

In the bay area, a temperate climate, you can get most of the heat you need (when the sky is clear) from approximately 10 square feet of south facing glass for every 100 square feet of floor space.

So, a home that is 1000 square feet would need about 100 square feet of south facing glass.  Less than that will still get you a good portion of the heat needed.  More than that is a problem because of the potential for overheating.  

If you have more than 7:100 ration, it is important to have thermal mass in the building to absorb some of the heat for later use (i.e. in the evening).  More on this later.
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(Suggested for SF Bay Area) 
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Presenter
Presentation Notes
This slide shows a window facing south with the winter sun angle of 30 degrees.  This is the angle of the sun in the winter in the SF Bay area, around 38 degrees north latitude.

In the bay area, a temperate climate, you can get most of the heat you need (when the sky is clear) from approximately 10 square feet of south facing glass for every 100 square feet of floor space.

So, a home that is 1000 square feet would need about 100 square feet of south facing glass.  Less than that will still get you a good portion of the heat needed.  More than that is a problem because of the potential for overheating.  

If you have more than 7:100 ration, it is important to have thermal mass in the building to absorb some of the heat for later use (i.e. in the evening).  More on this later.
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Presenter
Presentation Notes
Example of a house built by Hal Aronson.  

Note all the south facing glass on the south side.  Also, you can tell it is winter because the tree has few leaves and thus lets the sun come in.

You can also see the shade line on the southern wall, and see that the lower windows are fully illuminated and the upper windows are half shaded.  The parts of the windows that are shaded  bring in light but not direct sun light and therefore, very little heating energy.
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Clerestory Windows 
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Presenter
Presentation Notes
A clerestory window is one that is built into the upper structure of the house to let light penetrate more deeply into the building.

Note that a clerestory is not a sky light.  Vertical glass is the key to bringing in winter sun, and keeping out summer sun.
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Presenter
Presentation Notes
The sun is desirable in the winter, but in the summer, buildings need to keep the sun out.

One of the key architectural features of a solar house is that it has eaves that are sized to block out the sun in the summer.

The beauty of the seasonal sun angles is that the sun is high in the sky in the summer and low in the sky in the winter.  This makes eaves very effective at letting in winter sun and keeping out summer sun.

The length of your eave will be determined by your latitude and also by the degree to which you want to minimize your heating or your cooling load.
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Overhang shades windows 
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Presenter
Presentation Notes
The sun is desirable in the winter, but in the summer, buildings need to keep the sun out.

One of the key architectural features of a solar house is that it has eaves that are sized to block out the sun in the summer.

The beauty of the seasonal sun angles is that the sun is high in the sky in the summer and low in the sky in the winter.  This makes eaves very effective at letting in winter sun and keeping out summer sun.

The length of your eave will be determined by your latitude and also by the degree to which you want to minimize your heating or your cooling load.
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Block summer sun 
Let winter sun in 
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Presenter
Presentation Notes
This slide is to show you that to heat a home in the winter it is important that the glass be vertical;  i.e. not a skylight on the southern roof.  Skylights are more horizontal, which means they will function to let in more summer sun light than winter sun light, the opposite of what you want.

If you want a skylight to bring in more daylight for lighting, then place it on the northern roof and have a way to shade it.
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Presenter
Presentation Notes
I cannot say enough about the value of eaves.  Be generous with your eaves as they will greatly enhance the performance of your home.  And, they are relatively inexpensive in terms of construction costs.  And, they make your house more attractive.   And, they protect the walls from leaks, etc.
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Porches, shade zones, strategically planted trees 
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Presenter
Presentation Notes
Note the simple retrofit on this house.  
They were getting too much sun through their south facing windows in the summer because the builder undersized the eaves.  So they added this wooden structure to provide summer shade.  Deciduous plants can provide additional shading in the summer and will drop their leaves in the winter.
Inexpensive and effective and aesthetic.
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Angles slats let 
winter sun in 

Angled Slats in 
 Shade Structure 
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Presenter
Presentation Notes
Brilliant shade structure that creates nice outdoor zones for summer, and an area of shade and thus coolness around the home.

Note the angle of the slats.  While they block out the summer sun, they will let in the winter sun, when the angle is 30 degrees.  

This would also be an excellent retrofit concept.  Especially if it was built with re-used (salvaged) materials.
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Presenter
Presentation Notes
The third principle of solar home design is to store some of the solar energy in a thermal mass.

A thermal mass is any material that is able to store substantial amounts of heat.  Masonry—brick, concrete, plaster, adobe, earth—and water are thermal masses.  There are also some more sophisticated materials that change phase and/or have a higher capacity to store thermal energy.

Water can be stored in drums, not that attractive, but effective, or in clear water tubes.

When designing the house, think about the materials that are already going to be used and place them strategically to be in the sunny (direct gain) areas of the house.  For example, concrete or tile floors.  Better to place them in the south facing rooms.
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Presenter
Presentation Notes
The third principle of solar home design is to store some of the solar energy in a thermal mass.

A thermal mass is any material that is able to store substantial amounts of heat.  Masonry—brick, concrete, plaster, adobe, earth—and water are thermal masses.  There are also some more sophisticated materials that change phase and/or have a higher capacity to store thermal energy.

Water can be stored in drums, not that attractive, but effective, or in clear water tubes.

When designing the house, think about the materials that are already going to be used and place them strategically to be in the sunny (direct gain) areas of the house.  For example, concrete or tile floors.  Better to place them in the south facing rooms.
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 12:100 South Glass to Floor Area (Berkeley) 

Thermal 
Mass 

ca2010-ha2008 

Presenter
Presentation Notes
In this sketch we have two thermal masses in the path of the direct sun:  a concrete floor and a masonry wall.

The thermal mass enables you to increase the amount of south facing glass because some of the heat coming into the home will be absorbed by the thermal mass.  In this sketch, a 12:100 ratio will work well and some of the heat will be stored in the wall and floor and will radiate back into the room in the cooler hours of the night.
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Thick Plaster Wall 

• Thermal mass not 
in direct sun 
light:70% as 
efficient. 

• Notice another 
Solar Home 
Feature? 

ca2010-ha2008 

Presenter
Presentation Notes
The plaster wall serves as a thermal mass.
Note also the clerestory windows which bring in additional light and solar energy.  The light color of the ceiling and walls makes them particularly effective at illuminating the room.  Darker thermal masses will be more effective at absorbing solar energy.  Consider the difference between black asphalt and a concrete sidewalk when you walk barefoot.

You can have your students walk around town and pay attention to different wall surfaces:  which direction do they face?  What color are they?  What is their relative temperature?
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Presenter
Presentation Notes
This slide suggests the strategic placement of water tubes.  You can make them any color you like by adding food dye.  This would work well for a pre-school.

In one recent consult I have, the south facing windows were putting too much glare and heat into a meeting room.  I recommended that they place water tubes by the window.  This would give a nice stain-glass effect, eliminate glare, and temper the heat in the room.
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Block Glare, Thermal Storage, Heat Control 
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Presenter
Presentation Notes
In buildings in which direct solar gain is undesirable, or where there is a bad view out the window, but good southern sun, you can use a trombe wall.  The trombe wall give  greater control over the rate at which heat is brought into the building as well as thermal storage.  Vents can be placed in the wall to provide additional control over the rate at which heat is brought into the living space.
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Added to building in Wales 
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Presenter
Presentation Notes
The trombe wall concept is also useful for building retrofits.

If, for example, you have a wall with good southern exposure, but it lacks windows, then you can attach a window structure to the outside of it and the wall can act as the heat absorber.  You then cut vents into the wall that allow for heat circulation.  Ideally, paint the wall a dark color.  Works best with masonry walls.
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Trombe Wall with Windows 
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Presenter
Presentation Notes
Trombe walls can be partial, so that you can get some of the benefit of the masonry (heat management) and bring in some day lighting and view.
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Windows let direct gain & daylight in 
 

Wall absorbs & releases heat  
in a controlled way 
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Presenter
Presentation Notes
Example of a partial trombe wall.  Note that in building this house you can pour the concrete for the trombe wall at the same time as you pour the house foundation.  This keeps costs down.
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to keep heat in or out  
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Presenter
Presentation Notes
Fourth Principle:  Once you have brought in the heat, don’t lose it.  Insulation resists the flow of heat loss.

In this slide you can talk about how we use coats to insulate our bodies.  Why do we do this?  In order to keep in the energy that our bodies our producing.

In the same way, once we capture solar energy, we don’t want it to blow away or to conduct away.  How do we do this?  By weatherizing our buildings.  Weatherization is accomplished by sealing the building envelope—building wrap, caulking, weather stripping, etc.  And by using insulation.  Windows are also available which insulate through using two layers of glass with air trapped between the layers, and by adding coatings which reduce the emissivity of the glass.  That is, the rate at which the glass will radiate heat.
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Neat Installation is more effective 
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Presenter
Presentation Notes
A stick framed house,  standard form of framing, with insulation in the stud bays.
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Straw Bale: waste material: R35 
(needs less energy for heating and cooling) 
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Presenter
Presentation Notes
Straw bale houses have thick walls.  They are thick because they are made of agricultural straw, a waste product which is baled.  The bales are stacked like giant bricks.  The wall gets its strength from wood and/or steel framing.  The straw provides a wall surface and excellent insulation.  Surprisingly, it is also fire resistant.  The plaster coating provides thermal mass as well as a beautiful wall surface.
It is also a good example of putting waste to work and thus reducing our consumption of wood and/or concrete which use up resources.
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Straw Bale: 2 feet thick:  
 Keeps heat in during winter & out in summer 
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Presenter
Presentation Notes
Straw bale houses have thick walls. The plaster coating provides thermal mass as well as a beautiful wall surface.

Note how deep the window ledges are.

I have toured strawbale homes in Nevada (and other places) where the outside temperature is scorching, but the homes is so well insulated that it stays cool.
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#5. Use air to move heat & coolth 

Solar 
Convection 

Cooling 
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Presenter
Presentation Notes
Go over the five principles.  They will be elaborated with sketches and examples in the slides to follow.
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Presenter
Presentation Notes
Go over the five principles.  They will be elaborated with sketches and examples in the slides to follow.
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Earth Cooling 
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Presenter
Presentation Notes
Go over the five principles.  They will be elaborated with sketches and examples in the slides to follow.
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# 6.  
Use daylighting  
to save energy. 
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Presenter
Presentation Notes
Welcome to the workshop.


A solar home is a home that works with nature to provide heat in the winter and coolth in the summer.  Some solar homes also create electricity with sun light and heat water with sunlight.

What we will do today is learn the principles of designing solar homes.

Then we will:  Use architectural blocks to practice using the solar design principles.
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Presenter
Presentation Notes
Examples to test out your knowledge of solar principles:

We can assume that this house is facing south, that’s where the windows are.  So south facing glass is a good solar feature.  Also, on concrete slab, so good thermal mass.

My concern would be that in the summer, they would get too hot.  So, why not have some eaves to shade the windows in the summer.
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Presenter
Presentation Notes
Earth ship:  Built out of local materials and waste materials (will show you in next slide).  Incorporate many sustainable features.
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Earthships 
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Presenter
Presentation Notes
Walls of Earth ships are made from discarded tires, earth, and cans.  They are then covered with plaster, stucco or other masonry material.  Very strong, lots of thermal mass, good use of waste.
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Earthships 
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Presenter
Presentation Notes
South facing glass, earth berming, lots of thermal mass and good solar gain.  Next slide will show you additional thermal mass and quality of light.
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Inside an Earthship 
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Solar Design Features? 

ca2010-ha2008 

Presenter
Presentation Notes
Southern glass, masonry floor and some plaster on the walls, and exta masonry—thermal mass—in the fireplace.  Tall surface of the building is facing south, where the solar gain is; the north side is much shorter, thus reducing exposure to the cold weather.
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Solar Decathlon 
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Presenter
Presentation Notes
Earth ship:  Built out of local materials and waste materials (will show you in next slide).  Incorporate many sustainable features.
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Solar Design Features? 
Anything missing? 
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Presenter
Presentation Notes
South facing, eaves—rock overhang which keeps out summer sun, lots of thermal mass which holds heat for the cool nighttime and reduces overheating in the daytime.
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Solar Design Features? 

Architect: Craig Henritzy 
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Contemporary Design: 
Taking advantage of 58 degree earth temperature 

From: Comfort in Any Climate, by Michael Reynolds,  
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Presenter
Presentation Notes
South facing, eaves—rock overhang which keeps out summer sun, lots of thermal mass which holds heat for the cool nighttime and reduces overheating in the daytime.



www.solarschoolhouse.org ca2010ha2008 

Extremely 
Hot Climate 

From:  
Comfort in Any Climate, 
by Michael Reynolds  

1. Build into the earth 
 

2. Reflective Roof 
 

3. Use NORTH facing 
windows 

Presenter
Presentation Notes
South facing, eaves—rock overhang which keeps out summer sun, lots of thermal mass which holds heat for the cool nighttime and reduces overheating in the daytime.
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From: The Earth-Sheltered House, by Malcolm Wells  
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Presenter
Presentation Notes
South facing, eaves—rock overhang which keeps out summer sun, lots of thermal mass which holds heat for the cool nighttime and reduces overheating in the daytime.
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From: The Earth-Sheltered House, by Malcolm Wells  
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Presenter
Presentation Notes
South facing, eaves—rock overhang which keeps out summer sun, lots of thermal mass which holds heat for the cool nighttime and reduces overheating in the daytime.
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From: The Earth-Sheltered House, by Malcolm Wells  
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Presenter
Presentation Notes
South facing, eaves—rock overhang which keeps out summer sun, lots of thermal mass which holds heat for the cool nighttime and reduces overheating in the daytime.
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Student Projects 

ca2010-ha2008 



www.solarschoolhouse.org ca2010-ha2008 



www.solarschoolhouse.org 

Clerestory 

Water tubes 
South Facing Windows 
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Presenter
Presentation Notes
Note features:  South facing glass, masonry—tile—floor for thermal mass, water tubes for thermal mass.  Water heating on the roof.  Generous eaves to reduce summer heat gain.  Clerestory window.
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Water 
Tubes 

South Glass 
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Landscaping & Solar Electricity 

Solar Powered Fan 
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Brawley High School Students’ Berm House 
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Presenter
Presentation Notes
This solar house is designed for the challenging climate of the Imperial Valley in California.  Cooling is a much bigger issue than heating.  They solve this by minimizing windows and burying the house in the earth.  Note design and the quality of construction.
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Presenter
Presentation Notes
Again, another home designed for a hot climate.  Note all the shading incorporated into the design.  Also the interesting shapes.
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Presenter
Presentation Notes
In this class students designed for particular geographical locations taking into account local materials.
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Presenter
Presentation Notes
This Santa  Cruz teacher designs for the Santa Cruz climate where an attached greenhouse will come in handy as well as plenty of southern glass for direct gain.  It is also a small house that more readily fits a teacher’s financial resources.  He plans to build this house.
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DESIGN AND BUILD 
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Use Blocks in Design Process 
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Presenter
Presentation Notes
Small groups of students are given 2 minutes to come up with a building design using architectural blocks.  This breaks “designers block”  .  Students are then asked to explain their design pointing out the principles incorporated in them:  orientation, location of windows, eaves, thermal mass, insulation, etc.

Look to see that the long side of building is facing south, or, if not, that they incorporate a clerestory.  Before starting the design process, choose a common wall to represent the southern sky so they will all orient their houses correctly.
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From Blocks… 

…To Model 
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Presenter
Presentation Notes
Here’s a great example of working up a design with blocks which was then turned into a model.  They just imagined the windows in the blocks, but you can see them in the cardboard model.  Also, good southern exposure, good overhangs.
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Drawing Plans 
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Presenter
Presentation Notes
If it fits your teaching objectives, you can have students draw plans.

Great embedded math lessons here, from calculating area for purposes of sizing southern glass, to scaling and angles.
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HOUSE PLANS:  
 

• Floor plan 
• South Elevation 
• East Elevation 
• North Elevation (optional) 
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Building to Scale 
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¼ Inch Scale:  
1 square = 1 foot by 1 foot 

1 square inch = 4 foot by 4 foot 
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FLOOR PLAN:  
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FLOOR PLAN:  
 

• Orientation 
• Layout & room type 
• Floor materials 
• Floor area for window calculations 
• Thermal mass and calculation 
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Southern Elevation: 
Rule of Thumb: 

12 sq ft of glass for every 100 sq ft of floor 
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4 x 5 feet = 20 square 
feet 
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East Elevation: 
To measure eaves: 

 find winter & summer sun angles 
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Use Sun Angles to Calculate Overhangs 
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Use Protractor to Calculate Overhangs 
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Draw summer and winter 
solstice noon time angles 
on plans 



Visit Permitting Office 
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BUILD YOUR MODEL!   
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Place your home in the Solar Village!   
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Complete Solar Home Project Plans in 
The Your Solar Home Guidebook 
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