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Zero Energy Home Building
Solar Electric Home Power System
• Convert sunlight instantly into electric power.
• Spin your utility meter backwards, lowering electric bills.
• Increase energy independence by reducing reliance on your local utility.
• Reduce electricity consumption from the grid during times of peak demand (daytime).
• Replace your most-expensive utility-generated electricity.
• Meter allows monitoring of electricity consumption and generation.
• Requires no fuel. Makes no noise. Virtually maintenance free.
• System warranted for 5 years. Modules warranted for 25 years.

Ceiling Fan Outlets 
• Fans reduce the need for air

conditioning and help to circulate air.

Fluorescent Light Bulbs
• Use less energy and last ten times 

longer than standard light bulbs.

Increased Insulation
• Increased wall and ceiling insulation 

reduces heat gain and loss.

Energy Efficient Windows
• Low-E windows reduce heat 

and U.V. rays from the sun.
• Greatly increases your home‘s 

energy efficiency.
• Keeps home cooler in the summer 

and warmer in the winter.
• Reduces sun damage to rugs and furniture.

Water Conserving Landscape
• Front yards have been professionally 

designed to use 25% less water with drought 
resistance shrubs and ground cover.

Tankless Water Heater
• Endless hot water—6.5 gallons per minute.
• Heats water only when you need it.
• Reduces energy use and saves you money.
• Control unit allows you to heat water at variable temperatures.
• Saves space, no pilot light and comes with 10 year warranty.

Environmentally Friendly Flooring 
• Recycled content carpet is strong, long lasting, stain 

resistant and made from recycled plastic bottles.
• Bamboo flooring, a renewable resource, is strong, resists 

moisture and insects, and is easy to maintain.
• Harvested from the cork tree, cork flooring is an 

environmentally friendly material that provides a unique 
look and low maintenance and comfortable flooring. 

Water Conserving Fixtures
• Low flow showers and toilets in each 

bathroom Conserve water and save money.

Satellite linked Irrigation Controller 
• Monitors weather and adjusts irrigation 

system to run only when needed.

Construction Materials Recycling
• Construction material reuse and recycling 

prevents pollution and waste generation.
• Reduces landfill disposal and expansion.

Integrated Pavers
• Permeable concrete pavers 

improve landscape drainage.

Whole House Vacuum
• Reduces dust in the home 

and improves indoor air quality.

Fiberglass Doors
• Six-panel fiberglass entry doors give the 

rich look of wood without sacrificing trees.

Recycled Content Decking
• Trex® Decking is made from reclaimed waste materials.
• No moisture, U.V. or insect damage.
• No time-consuming sealing or staining.

Foam Wrapped Building Envelope
• Reduces heating costs.
• Keeps house cooler in the summer.
• Reduces cracking in stucco exterior.

Gray Water System
• Recycled shower, bath and laundry water 

can be used to irrigate landscaping.

Fiber Cement Siding
• This alternative to wood siding 

is fire and termite resistant. 

Eco-Cabinets
• Cabinets are constructed with 

formaldehyde-free wheatboard frames.

Environmentally Friendly Paint 
• Air safe and environmentally friendly.
• Odorless, free of polluting solvents and 

contains low volatile organic compounds.

Water Conserving Laundry Equipment 
• Front loading washers reduce water use.Tightly Sealed Ducts

• Sealed ducts ensure optimum heating 
efficiency and reduce heating costs.

• Reduces duct leakage and dust. Structured Plumbing
• Recirculating pump moves the ambient 

temperature water in the hot water pipes 
back to the water heater. 

• Hot water arrives at fixtures 4-5 times faster.

Engineered Wood
• Replaces old-growth dimensional lumber.
• High-performance lumber uses 30% more of each 

tree, reduces waste and is virtually defect free.

Radiant Roof Barrier Sheathing
• Reflects up to 97% of the sun‘s heat and radiant energy away 

from your home.
• Attic temperatures are reduced by as much as 30 degrees.
• Less heat transfers to the living space and your home stays cooler.

High-Efficiency Furnace and  Programmable Thermostat
• Carrier 90% Annual Fuel Utilization Efficiency furnace.
• 7-day Energy Star® Programmable Thermostat
• Conserves energy and saves money without sacrificing comfort.

Improves energy efficiency.

Promotes water conservation.

Earth friendly building materials.

Improves indoor air quality

Courtesy of Clarum Homes  www.clarum.com

The Enviro-HomeTM is a zero energy home developed by Clarum Homes to minimize the use of resources, 
create a healthier, more comfortable living environment, and to enhance its overall value.
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Photos courtesy of Earthship Biotecture.  www.earthshipbiotecture.com

Above: Recycled glass 
bottles provide light and 
luminous decoration.

Earthship Biotecture
Earthship n. 1. passive solar home made of natural and recycled materials 2. thermal 
mass construction for temperature stabilization. 3. renewable energy and integrated 
water systems make the Earthship an off-grid home with little to no utility bills.

Biotecture n. 1. the profession of designing buildings and environments with 
consideration for their sustainability.  2. a combination of biology and architecture. 

An Earthship is defined by the following 6 principles:

• Thermal/Solar Heating & Cooling

• Solar & Wind Electricity

• Contained Sewage Treatment

• Building with Natural & Recycled Materials

• Water Harvesting

• Food Production
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An Old Idea is New Again
A key component of any solar home is its hot water heating system. The first 
commercial solar water heaters hit the market in 1891. They consisted of four black 
metal tanks placed inside a glass-covered box usually placed on the roof. Sun trapped 
by the glass heated the water inside the tanks. By 1897, one third of the households in 
Pasadena, California used a solar water heater called the Climax. The Climax had one 
short-coming: the tanks would cool down during the night or during cloudy weather. 
In 1909, William J. Bailey came up with a solution that has revolutionized solar water 
heating ever since. He added an insulated storage tank to the system. As the sun 
heated the water in the solar collector, the hotter water would naturally rise into the 
storage tank where it would stay warm overnight. 

Photo courtesy of John Perlin and Ken Butti, authors of A Golden Thread

Above: This diagram shows the complete solar hot 
water system which includes a panel at roof’s edge 
connecting an isolated insulated storage tank and indoor 
plumbing. Though the system shown dates back almost 
a century, it remains the basic configuration still used by 
most solar hot water systems.

Left: Photograph taken in 1911 in the Pomona Valley. 
The solar water heater is located above the right eave 
on the front of the house. 

Inset: 1892 ad for Kemp’s invention. For an investment 
of $25, the owner saved about $9 a year on coal. By  
1900, Kemp had sold more than 1,600 solar water 
heaters in Southern California.

SSH Calendar-09-v5.indd   6 12/8/08   2:07:42 PM



Building a Model Solar Village 
When students build a model “solar village” it extends the lessons learned from a solar 
curriculum and encourages them to come together and contemplate a variety of concerns 
regarding community planning and layout. The solar village concept motivates students 
to design their individual solar home models with regard to the sustainability of an entire 
community. Issues such as solar access (i.e. planting trees so that they do not shade your 
neighbors’ solar array), and planning the street grids to maximize solar access, are integrated 
into the process of designing and building a solar village model. The experience also leads 
students to ponder larger questions which their generation may face, such as how best to plan 
a solar community, should each house have a solar array, should one larger array power the 
grid, or perhaps a combination of both would be optimal.

Above: Students design and build individual solar home models.  
Each model is built to scale and the active and passive solar features  
of the models are documented.

Above and right: The solar 
village takes form. Individual 
models are grouped together 
and arranged to maximize 
the collective benefits of the 
entire community.
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The Energy Efficient Home
Dennis and Amy Davis of Anaheim wanted to reduce the electric and heating bills for 
their 2900 square foot home. They began by contacting their local utility company 
and requesting a Home Performance Energy Star® Assessment. Sponsored by 
Anaheim Public Utilities, this assessment is a comprehensive diagnostic evaluation of 
a home’s performance based on air leakage, attic insulation, wall and floor insulation, 
windows and doors, heating and cooling systems, water heater, appliance and lighting 
performance. Upon completion of the evaluation, they received a detailed report 
itemizing key recommendations for improving the comfort, safety and efficiency of their 
home. In addition to the renovations highlighted in the report, the Davis’ added to their 
energy savings by installing a photovoltaic array on their roof. 

Above: Infrared photos show heat loss from a gap in window 
framing, through bathroom walls, at ceiling and wall junctures, 
around light fixtures and through the attic hatch door.

Below: Installing low-Emissivity coated (low-E) windows helps keep 
the heat in during the winter, and out during the summer.
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Affordable Green Living
Villa Nueva Apartments, San Ysidro, California

Below: The Villa Nueva Apartments are a 400-unit affordable housing development in 
Southern California. The 42 buildings consist of 40 residential buildings and 2 community 
centers. The facility is outfitted with 6 main electric meters allowing their solar system to 
offset more than just common loads on the electric grid such as outdoor lighting, but 70% 
of the entire facilities electrical needs. 

Hacienda Mobile Home Park, Barstow, California

Above: For almost 50 years, the park has provided homes 
for thousands of low-income individuals including single 
adults, families, and seniors. When electric bills for the 47-
unit mobile home park began to sky rocket, management 
did their research and found solar energy to be a cost-
effective, environmentally responsible way to reduce the 
park’s electricity expenses. Their ground-mounted solar 
electric system now produces approximately one third of 
the electricity used in the park and reduces the electric bills 
by 40%.

Fairbanks Ridge Family Apartments

Left: Fairbanks Ridge Family Apartments is a 204-unit 
affordable housing development in the Black Mountain 
Ranch community of San Diego, California. Chelsea 
Investment Corporation builds, owns and operates 
affordable housing projects, offering a 50-year lease 
to tenants. Chelsea applies reliable renewable energy 
technologies to its construction projects. Solar power 
contributes to their goal of providing reduced-rate housing 
that is economically and environmentally sustainable. 

Photos courtesy of Borrego Solar.  www.borregosolar.com
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Creative Thermal Wall Solutions
Thermal mass walls are passive solar devices that help heat and cool 
interior spaces and reduce temperature swings. These walls can be 
constructed of any material that absorbs and stores heat, including 
water. When positioned behind a south facing window, the sun’s 
rays heat both the liquid in the wall and the air between it and the 
window. During the day, the warm air heats the room as it rises and 
circulates. At night, the heat absorbed by the liquid in the wall is 
slowly released, keeping the room warm.

Above: Hiding behind the lower bank of windows is a liquid-filled tank that 
functioned as a thermal mass wall for Cal Poly’s 2005 Solar Decathlon house. 

Above: Four-foot tall fiberglass tubes filled with colored water create this simple 
thermal mass wall. Installed directly behind the windows, this wall of water helps 
to regulate temperature swings in the room, making “the sun room” the most 
comfortable space in the house both in winter and summer.

Above: The 2007 Penn State Solar Decathlon Team used glass milk 
bottles attached to a sliding rack to create their solar thermal wall. 
When filled with water, the bottles act as a thermal mass and the 
sliding rack provides flexibility to adjust for weather conditions.  
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Passive Solar Homes
You don’t need photovoltaic panels to use the sun’s power in your home. Passive solar is a concept 
used to design homes that use the sun’s heat and light naturally. Passive solar homes are positioned  
facing south to absorb the direct sun rays during the winter, keeping them warm, and reflect the 
direct sun rays during the summer, keeping them cool. Windows let in natural ambient light and 
provide ventilation; external eaves block direct glare. The foundation and north wall use thermal 
mass to store and release heat as the air temperature changes; all walls and the roof are well 
insulated. Many passive solar homes also employ active solar strategies, such as ceiling fans, solar 
hot water collectors, energy efficient appliances, and photovoltaic panels.

In winter, the sun rises in the southeast, remains low in the southern horizon, and sets 
in the southwest. Only the south wall of a house receives full sun. In summer, the sun 
rises in the northeast, rises high overhead, and sets in the northwest. The east wall, 
roof, and west wall receive full sun. 

NORTH SOUTH

NORTH SOUTH
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Sun Angle

Small 
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Sun Angle

NORTH SOUTH

NORTH SOUTH
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Winter Sun 
Low in the Sky

Summer Sun  
High in the Sky

Photos and diagrams courtesy of Sun Plans, Inc.  www.sunplans.com
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Home of the Future
RJ Walter Homes has teamed up with the Sacramento Municipal Utility District (SMUD) and the 
National Renewable Energy Laboratory (NREL) to design and build the Sacramento area’s first 
LEED Platinum Home—“SMUD’s Home of the Future.”

Compared to a comparably sized home built to California’s Title-24 energy standards, SMUD 
estimates that the home will consume 80% less energy, produce more electricity than it  
uses and have a combined average utility electric and gas bill of approximately $24 per month.  
The Home of the Future also features plumbing, landscape and irrigation design that reduce 
water usage.

 

Energy-saving Features Built into SMUD’s Home of the Future:

•  Roof-mounted 3.85 kW photovoltaic array 
with battery backup

•  Solar-assisted hot water and space heating 
with advanced boiler

• Water-cooled evaporative air conditioner 
•  Advanced framing with blown-in recycled 

cellulose insulation

• Dual pane coated windows 

• Energy Star® appliances

• Energy saving window coverings

•  Water efficient low-flow showers,  
faucets and toilets

• Water efficient landscaping and irrigation

Below: A birds eye view of the rooftop photovoltaic array  
and solar hot water collector. 
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The Next Generation of Home Design
The 2009 Solar Decathlon, October 8–18, Washington, D.C.

Every two years, the U.S. Department of Energy hosts the Solar Decathlon— 
a competition in which 20 teams of college and university students compete 
to design, build, and operate the most attractive, effective, and energy-efficient 
solar-powered house. The public is invited to observe the powerful combination 
of solar energy, energy efficiency, and cutting edge home design.

Among the teams in the 2009 Solar Decathlon is Team California (shown 
below), comprised of students and faculty at Santa Clara University and 
California College of the Arts. 

For more information visit: www.scu-cca-solar.org and www.solardecathlon.org.

Solar Decathlon homes are judged 
on their ability to:

• Be attractive and easy to live in

•  Maintain comfortable and healthy 
indoor environmental conditions

•  Feature appealing and  
adequate lighting

•  Supply energy to household 
appliances for cooking and cleaning

• Power home electronics

• Provide hot water

•  Balance energy production and 
consumption.

Above and below: Student renderings of 
the proposed Team California 2009 Solar 
Decathlon entry.
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The Off-Grid Solution
The Bonny Doon house was designed and built in 1982 by the Aronson 
family far from the electrical grid on a south facing slope in Santa Cruz 
County. It was the first legally permitted solar electric home in the county.

The home is a completely solar home—passive solar space heating, 
solar hot water, and a stand alone solar electric system. The structure is 
based on a traditional colonial “Saltbox” design with two stories of south 
facing glass and a single story facing north. This configuration provides 
plenty of solar gain in the winter months. Thermal mass is provided by 
a double layer of sheet rock on most of the walls, a brick floor in the 
“sun room” on the southeast corner of the house, and a slab section 
under the house. To keep the house cooler in the warm summer and 
fall months, the house has generous eaves on the south and west facing 
walls. Deciduous trees on the south and west side also reduce solar gain 
in the summer months. Because the house is so well-insulated, a single 
wood burning stove is the only back-up heat source needed.

Below: Recently, an additional array of eight photovoltaic 
modules were added to a guest building which has 
greatly improved the performance of the system.

Above: Hal Aronson holds a model of the “Salt Box” 
style Bonny Doon guest house during its construction. 
Hal is currently Co-Director of The Rahus Institute’s Solar 
Schoolhouse program.
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Land of the Midnight Sun
Despite it’s northern latitude and short winter days, Norway is 
home to more than 140,000 solar electric systems, more solar 
systems per capita than any other country in the world. Many 
of these solar systems provide power to family vacation cabins 
(‘hyttas’) that are very remote and far from the power grid. These 
simple systems usually consist of a single photovoltaic module  
(50-100 watts), a charge controller and a battery—providing power 
for a few lights, a radio and/or TV. Small stand alone solar systems 
such as these also provide full-time power to homes in many other 
parts of the world where reliable electricity is unavailable.

Above: Rahus Institute and Solar Schoolhouse Director, Tor Allen, 
visits a typical solar cabin on a recent trip to Norway. 

Right: This cabin, originally the family home to Tor’s grandfather, 
was relocated many years ago and now serves as a vacation 
home. The single solar panel, locked in place on the wall, 
provides power for lights, radio, and a TV.

Above: In Norway, the summer days are very long; in some locations the sun never goes 
down. The near constant sunlight helps solar systems recharge quickly during these 
months. In the winter months the days are much shorter, but the reflected light from the 
snow layer helps the solar-powered batteries to stay charged.
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Solar Patriot House
Built in 2001, the Solar Patriot House seems like just another Saltbox style 
home in the hills of Northern Virginia. However this home incorporates a 
“whole building design” strategy that reduces its energy use to about 50% 
of the energy consumed in a conventional home. There is a solar electric 
system on the roof with battery backup, a solar water heater, geothermal 
heat pump for heating and cooling, compact fluorescent lighting, high-
efficiency appliances, an upgraded building envelope including low-E 
windows and highly insulated walls and duct work. It is connected to the 
electricity grid and draws power from the utility whenever necessary, but 
replenishes that electricity back into the grid when it produces a surplus.

The Solar Patriot house is designated a “Zero Net-Energy Home.” Over a full year, a zero 
net-energy house produces at least as much electricity as it consumes. Nights balance 
out against days, sunny summer months balance out against dark winter months. 

Photovoltaic panels combined with inverters harvest solar electricity 
and convert it to AC electricity for immediate home use, battery 
storage for future use, and transfer of surplus into the grid.

The geothermal system pumps a heat-transfer fluid through a 
labyrinth of pipes sunk five feet underground to heat the house in 
the winter and cool it in the summer.
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Solar Schoolhouse is a K-12 energy education program developed by  
The Rahus Institute.* The program uses the sun as a starting point for teaching  

about energy resources, conservation, and other energy topics. 

For more information, visit www.solarschoolhouse.org.

* The Rahus Institute is a 501c3 non-profit organization working to promote greater use 
of renewable energy through education, research, program and policy development. 

©2009 The Rahus Institute                                                                   www.rahus.org 
 

Key features of the program include:

•  Lesson plans correlated to California teaching 
standards. Lessons are modular for easier 
integration within existing curriculum.

•  Teacher workshops are a central part of the 
program. These include half- and full-day 
workshops, and the 5-day Solar Schoolhouse 
Summer Institute. 

•  Resource kits which include: solar panels, 
Solar Power Monitor Kit, Solar Cell Classroom 
Set, sun ovens, and more.

•  Your Solar Home video, poster, and guidebook. 

• Solar Decathlon book and video.

•  Guidebooks for outdoor environmental 
educators and solar pond and fountain design.

•  Assistance with installing solar electric 
(photovoltaic) systems at schools.

•  Real time monitoring system for grid- 
tied solar electric systems. Compare  
performance of your school solar system  
with schools across the country. 

•  ‘Experienced’ 55 and 60 watt solar electric 
modules available at low-cost for school 
projects: small grid-tie arrays, fountains, 
lighting, etc.
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