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         All houses are solar. The sun shines on almost every home, many days throughout the year. The question is, to what extent are you utilizing the sunlight? This book has been written to help you to take advantage of this free resource.
         

         
         
         
         
         The first part of the book will acquaint you with the basic concepts involved in solar design. Notice that we have included ten easy-to-follow “Solar Principles,” each one illustrating a key consideration in building solar homes. As you progress through the chapters, the discussion will get more specific and more technical, incorporating many formulas and equations needed to actually factor the solar principles into effective solar home designs. Do not be discouraged if you do not instantly grasp the mathematics. What is important is that you understand the concepts so that, with the help of a professional designer, you will be able to include solar features in the plan for your home.

         
         
         
         
         The knowledge imparted in this book has been accumulated from over 30 years of data gathered from several hundred solar homes located in the northern tier of the United States, from North Carolina to and including Canada and west to the mountain states. These are locations that are primarily focused on heating. Authors of other solar books have raised concerns about the possible buildup of mold or other airborne problems in ventilated slabs. If the design described in this book is used in low-lying and high-moisture locations, the concerns raised may very well be valid. See chapter 7 for a more detailed discussion of this topic.

         
         
         
         
         Great care has been taken to provide accurate and factual information based on over twenty-five years of solar home-design experience. I wish that I could make competent solar designers and builders out of every reader, yet the disciplines needed to design and construct homes take years of education and apprenticeship to learn. If you do not possess these skills, please consult with or hire professionals. While this book’s technical data and equations will be widely applicable for the technically trained, hopefully the book will also spark an enthusiasm among non-technical readers for the limitless potential of solar energy.

         
         
         
         
         Wouldn’t it be nice if your house, too, could spend next winter heating itself, naturally, with free heat from the sun?
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         LET NATURE 
HEAT YOUR HOME
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            During the summer of 1973, the U.S. economy was booming. We were all whizzing down the highway at 70 miles per hour, the legal speed limit. Gasoline was about 39 cents per gallon, and the posted price of Gulf crude oil was $2.59 per barrel. That year, my wife Lea and I had purchased a lovely old Vermont farmhouse, heated by a coal-stoking boiler that had been converted to oil. The base of this monster boiler was about three feet by six feet, and when it fired, it literally shook the house. We tapped our domestic hot water directly off the boiler, so we had to run the unit all four seasons: Every time we needed hot water, the boiler in the basement fired up. We were burning about 2,500 gallons of fuel oil each year, and in the coldest winter months, it was not unusual to get an oil delivery every two weeks.
            






         Since we had no other way to heat our home, we were entirely dependent on the oil-gobbling monster, and on our biweekly oil deliveries to survive the Vermont winter. Our only alternative source of heat was an open fireplace. Though aesthetically pleasing, the fireplace actually took more heat out of the house than it gave off.





         At that time, I was the vice president and general manager of a prefabricated post-and-beam home operation. Like others, I shared the industry opinion that the heating contractor’s job was to install the heating system that the homeowner wanted. As designers and home producers, we were not responsible for that part of new home construction. Home building plans were typically insensitive to the position of the sun. Our prefabricated home packages were labeled simply “front, back, right side, left side,” not “south, east, west, north.” We offered little or no advice on siting, except that we needed enough room to get a tractor-trailer to the job site.





         To give you an idea how little energy efficiency was considered in 1973 in house design (an area of home construction that has since received enormous attention), our homes had single glazed windows and patio doors; R-13 wall and R-20 roof insulation were considered more than adequate. (“R” is the thermal resistance of any housing component; a high R-value means a higher insulating value. Today’s homes typically have much higher R-values.) Homeowners in the 1970s rarely asked about the R-values of their home components, and our sales discussions were less about energy efficiency than about how the house would look and whether it would have vaulted ceilings.





         The point is, we were not yet approaching the task of design and construction in an integrated, comprehensive way. We had not yet recognized that all aspects of a design must be coordinated, and that every member of the design team, including the future resident, needs to be thinking about how the home will be heated from the first moment they step onto the site.
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         THE OIL CRISIS





         In 1973, an international crisis forever changed the way Americans thought about home heating costs. After Israel took Jerusalem in the “Six Day War,” Arab oil-producing nations became increasingly frustrated with the United States’ policy toward Israel. In the fall of 1973, these oil-producing nations began to utilize oil pricing and production as a means to influence international policy. In October 1973, the Organization of Petroleum Exporting Countries (OPEC) met and unilaterally raised oil prices 70 percent. The impact of this price hike on U.S. homeowners who heated with oil was spectacular. Fuel oil prices soared.





         Then the oil embargo hit. In November 1973, all Arab oil-producing states stopped shipping oil to the United States. By December 1973, the official OPEC member-price was $11.65 per barrel—a whopping 450 percent increase from the $2.59-per-barrel price of the previous summer. Iran reported receiving bids as high as $17.00 per barrel, which translated to $27.00 per barrel in New York City.





         In addition to giant price increases, oil supplies became uncertain and the United States, which depended on foreign oil for fully half its consumption, was facing the real possibility of fuel rationing for the first time since World War II.





         Richard Nixon was president, and his Secretary of State, Henry Kissinger, spent most of that winter in what was termed “shuttle diplomacy,” racing from country to country attempting to bring a resolution to the crisis. He didn’t succeed until March 18, 1974, when the embargo against the United States was lifted. It had lasted five months.





         As the international oil crisis was played out over those five months, every oil delivery to our home was marked by a price increase, invariably without notice. Worse, our supplier could not assure delivery. My wife and I had two small children, an energy dinosaur of a house, and no other way to keep warm but to burn huge amounts of oil. We couldn’t even “escape” to a warmer climate, because there were long lines at the gasoline pumps. We had never felt so dependent on others as we did that winter. It was plain scary!





         We have done a little better recently, as today only one-fourth of U.S. oil comes from OPEC. Most imports come from more stable Western sources, and are so diversified that a full-scale war in the Persian Gulf in 1991 caused no gas lines at home. However, we are still over 50 percent dependent on foreign oil sources.





         All the concerns about energy seem to have reached a boiling point in September and October 2005. Back-to-back hurricanes in the Gulf region of the United States crippled our refining and fuel distribution capabilities, and oil and propane gas soared to new record highs.





         THERE HAD TO BE A BETTER WAY





         I have a background in engineering, and the energy crisis of 1973–1974 provided an incentive for me to investigate solar heating. It was obvious to me that as a country, we had forgotten the basics of good energy management. I just knew that there must be a better way to design and build houses that would capture the sun’s heat and work in harmony with nature. I also have a background in business, and I realized that the energy crisis had opened up a market ready for new ideas about how to heat homes. The energy crisis had shaken us all into action.





         The years immediately following the 1970s energy crisis saw a remarkable emergence of new ideas about solar energy. Solar conferences were held, and the public was treated to frequent articles that described new solar home designs in popular magazines. The results of this collective effort were largely positive. Many new ideas were tested. Some succeeded, and others failed, but building specifications focused on energy efficiency developed during that time have now become standard practice. For example, double-pane high-performance glass is now used almost universally in windows and patio doors. Standard wall insulation is now R-20. That was previously the roof standard; standard roof insulation is now R-32. The science of vapor barriers took huge leaps forward, and highly effective vapor barriers are now standard. Exterior house wraps, such as Typar and Tyvek, are applied on most new construction to tighten up air leaks. Appliances are now more energy efficient. Heating systems have undergone major improvements. These days, it is even common for “smart houses” to monitor lighting and to turn lamps and heating equipment on and off according to need. In sum, we are now building better energy-efficient houses, in large part due to the wake-up call we got in the winter of 1973–1974.





         WHY FEAR SOLAR?





         Fast-forwarding to 2006, we find ourselves fighting wars in Afghanistan and Iraq in the name of national security. Unfortunately, it is in our national interest to stabilize the oil-rich Middle East because we are more dependent on imported oil than we were in 1974. Speaking of fighting wars, a recent article in USA Today states that a B-52 bomber’s eight engines burn 3,334 gallons of fuel per hour. The U.S. Air Force says it will cost $4 billion for new engines with an associated fuel cost savings of $400 million provided the planes keep flying for 40 years. Gasoline pump prices are well over $2.00 a gallon and a barrel of oil has soared to record highs in excess of $60.00. There are some predictions that we may see $100.00 per barrel in the foreseeable future. The elements that make up our oil problem are all still in place, and we are not going to be able to drill our way out of this predicament, i.e., by drilling in the Alaskan Wildlife Refuge. Decimating the Alaskan Wildlife Refuge will only assist the situation for 25 to 30 years. Furthermore, the easy oil has all been pumped out of our known reserves, which will make future drilling activities more and more difficult and expensive.
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         The frustrating part of this mess is that we already have the technology to significantly impact our fuel consumption. What we need is a national commitment to reduce our fuel usage.





         Back in the 1970s, I designed and patented what I saw as a partial solution to the energy crisis—an innovative solar house design.This design will work for you, today.





         And yet from my work building solar homes for over twenty years, I’ve found that people resist solar for four main reasons. They are afraid that the house will get too hot. They are afraid that the house will be too cold. And they are afraid that a solar house has to be ugly and futuristic-looking and will require expensive, fickle gadgetry and materials, with walls of glass, or black-box collectors hanging from every rooftop and wall. None of these fears are well-founded.
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            Siting a house with sensitivity to the sun’s daily and seasonal patterns, and using conventional materials wisely, you can build a traditional-looking solar home that largely heats itself.



         



         The design and building strategies presented in this book are carefully engineered for building solar homes with traditional features, while incurring no added expense in the process. This solar approach is really a rearrangement of materials you would otherwise need to build any home. In fact, the only feature you sacrifice using this design is a basement, but you gain so much in energy savings and by living in a large, cheery, well-lit place, that I think that you’ll find this trade-off is more than worthwhile.





         Here are a couple of other considerations to keep in mind when reading this book. First, I came to the design and building of solar homes as a businessman and engineer, and this book reflects that approach. I’ve aimed for a practical, step-by-step, how-to treatment. Every building strategy presented in this book has been proven out in the real world.





         Moreover, though I’ve chosen one type of design to describe in detail, this book also offers a wealth of practical information for designing any solar home. A wealth of engineering data is included in the hopes that this book will become a welcome addition to any complete library of solar design.
         





         GREEN MOUNTAIN HOMES: 
A SOLAR SUCCESS STORY





         The ingredients for my decision to go into the business of designing and manufacturing solar homes were all in place just after the 1974 oil crisis hit. My engineering and home manufacturing background offered the stepping-off point. I had been doing research on solar designs throughout 1974, and by mid-1974, the idea of starting a business devoted to producing pre-fabricated solar homes seemed more exciting than ever before. The concepts for the business and formulation of the solar design were finalized by late 1975. Green Mountain Homes was incorporated on January 1, 1976, and was the first United States home manufacturer dedicated solely to designing and manufacturing solar homes in kit form. I purchased twenty acres of commercial property in Royalton, Vermont, and in June 1975, left my job as vice president and general manager of the prefabricated post-and-beam home operation.
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         The Green Mountain Homes factory practiced the lessons we preached: the building where our houses were fabricated was itself solar-heated, energy-efficient, and largely lit by daylight.





         In January 1976, I visited Sheldon Dimick, the president of the Randolph National Bank in Randolph, Vermont. In the business proposal, I included plans for a dozen affordable solar homes. My wife Lea, with her Middlebury College art background, had drawn pencil renderings of the homes, which later became the basis for our first brochure. Shel, my banker, was immediately taken by the idea. In just a few weeks, we had put together a financing package with his bank, the Vermont Industrial Development Authority (VIDA), the Small Business Administration, and a personal loan backed by our farmstead, the one with the oil-thirsty boiler in the basement. The irony did not escape me that my energy dinosaur of a house was helping to finance an energy-efficient housing business.





         While I was arranging private funding to start Green Mountain Homes, a business that would ultimately design, fabricate, and ship almost three hundred solar homes, the state and federal governments were getting involved in solar, offering tax incentives to encourage use of solar energy. The U.S. government spent on the order of a quarter of a million dollars to install domestic solar hot water collectors over a covered parking lot at a nearby resort hotel. To the best of my knowledge, those solar collectors have long since been disconnected because of mechanical problems and leaks. The state of Vermont, with some other states and the federal government, was instituting tax credits for investments in solar technologies. But credits were offered only for add-ons and retrofits of existing homes. These credits were for the “additional equipment needed,” in the state’s view, to provide solar energy. As a result, passive solar homes like the ones I intended to sell were almost completely left out of the tax-credit programs. Green Mountain Homes’ buyers had difficulty obtaining solar credits, since the principle of my design was to utilize and rearrange the materials that you are already committed to purchase for building any style of new home, solar or not. Fortunately for my buyers, nighttime window and patio door insulating devices, extra insulation, and elements of the solar control system were considered add-on features and therefore qualified for solar credits. Yet the credits thereby earned were never significant enough to be the motivation for us or our clients to build solar homes instead of conventional ones. The real incentives were the ease, reliability, and comfort derived from solar heating. Paradoxically, since the solar water-heater collectors at the nearby resort were an add-on feature, the resort probably got more money from the U.S. government through solar credits than all of the Green Mountain Home solar homeowners combined. The federal government’s solar subsidy program was completely dismantled during the Reagan years.



[image: 9781933392035_ps_0020_001]


     

         A Green Mountain Home built in 1984 and located in northeast Pennsylvania.





         OUR MODEL HOME AND 
SOLAR FACTORY





         When I was first working on my solar home design, I participated in a seminar led by Professor A. O. Converse of the Thayer School of Engineering at Dartmouth College. My role in the seminar was to provide the students with practical house construction information. When I explained my plan to build a prototype model solar home, Professor Converse offered to provide independent monitoring, using some of Dartmouth’s resources, with funding and equipment supplied by the local power company, Central Vermont Public Service.





         Construction of Green Mountain Home’s solar-heated factory and the model home, which also served as my office and sales center, began in March 1976. The design was so successful that the energy savings (in both heat and electric lighting costs) paid the real estate taxes on our twenty acres and buildings each year.





         With our borrowed money, we started an advertising campaign. We also decided to erect a state-approved off-site road sign on one of Vermont’s major interstate highways, indicating the location of our business. The Vermont state highway department objected to the placement of the sign, so I asked my wife, Lea, to represent us at a hearing in Montpelier. As Lea was explaining the need for our placement of the sign, she described our new solar home business. A woman who sat on the board was so impressed with the idea that she sent her son to see us. He liked what he saw, and his home was delivered early in the fall of 1976.





         Not long after, Lea was working in her mother’s grape arbor and noticed a stranger approaching. He had seen an ad for Green Mountain Homes in a magazine, but the return address was to our home, not our factory/model-home complex nearby. The gentleman explained that he had spent most of the day looking for Green Mountain Homes and had finally stopped at the post office for help. Since ours is a small town, the postmaster knew about our new venture and sent the gentleman to my mother-in-law’s home. By coincidence, Lea happened to be there. It turned out that the gentleman was a graduate of Worcester Polytechnic Institute, and was most supportive of our new solar home business. His home was delivered late in the fall of 1976; he has always maintained that he was the first buyer, because he ordered his home first.





         Solar Principle #1





         Orient the house properly with respect to the sun’s relationship to the site.





         Use a compass to find true south, and then by careful observation site the house so that it can utilize the sun’s rays from the east, south, and west during as much of the day and year as possible. In orienting the house, take into account features of the landscape, including trees and natural land forms, which will buffer the house against harsher weather or winds from the north. Deciduous trees on the sunny sides of the site will shade the house from excess heat during the summer months, but will allow the winter sunlight to reach the house and deliver free solar energy.


[image: 9781933392035_ps_0021_005]





        




         Green Mountain Homes was launched. The company doubled in size yearly, and we were often hard pressed to keep up with the workload. I can remember many a Christmas when we were late to our own party because we were loading a tractor-trailer with that year’s last home.





         Potential buyers almost always traveled to Royalton, Vermont, to examine the model solar home, and to attend my Saturday morning solar heating seminars, which were followed by lively question-and-answer sessions. It was fun. Our customers came from all walks of life, and they accepted this new technology with enthusiasm. One man who bought a Green Mountain Home was asked to speak about it to the local Rotary Club. He protested, claiming that he didn’t know how his house worked. Since he had a good sense of humor, the Rotarians thought he must be joking, so they asked him to speak anyway. The fact is, he really didn’t know how his house worked, even though he and his brother had built it from our kit. When the Rotarians asked about the house’s operation and about how much work he had to put in to keep it heated, he informed them that the day after it was completed, he had set the thermostat on 68 degrees and hadn’t touched it since. This man had called me shortly after moving in to let me know that he and his brother had forgotten to put in the second floor heating ducts. And the house was still warm. We learned from our customers as we went along; in this case we found out that we could cut back on ductwork.
         





         NEWS OF OUR SUCCESS SPREADS





         Since Green Mountain Homes was a private venture financed through conventional bank loans, we had to succeed on our own merits without public or government funds. And we did succeed, because the design worked so well, both in tests on our prototype and in the comfort it delivered to the people living in actual homes. We also tried to help advance the solar movement by speaking at our own expense at various meetings and conferences. Our success story was featured in dozens of publications, including Solar Age, Better Homes and Gardens, House and Garden, New Shelter, Farm Equipment News,The Muncie Star (Indiana), The Winchester Evening Star (Virginia), The Boston Herald, The San Francisco Chronicle, Money Magazine, and The Sierra Club Bulletin, to name just a few. We also received enthusiastic mail from our customers through the years, for instance this from happy solar homeowners in Bethlehem, Connecticut:
         


       




         In the winter, we are warm. In the summer, we are cool. There are no unusual contraptions involved to store heat or regulate the temperature. We spent no additional money on “solar features” when we built this home. All materials were available at local lumberyards—nothing exotic. However, it was important to let common sense take precedent. We did, according to our instructions, face the broad, multi-windowed side of our house to the south. (Consequently, we gave up the “parallel to the road.”) The north side has few windows, and many closets, and that side is also sheltered by a windblock of pine trees. The “heat-producing” kitchen is also placed on the north side of the house. Our floor is made of tile, which absorbs the heat from the sun, so in winter the tile is never cold to our feet, as the tiles and Solar Slab underneath store the warmth. (The reverse is true in the summer, when the tile retains the coolness of the night during much of the day.)


         




         And this letter from Susquehanna, Pennsylvania:


         




         One of the greatest satisfactions about our home is that even though we are designed to be solar energy efficient, it placed very little restraints on how we designed the floor plan. Our home has a real feeling of spaciousness because of the view and use of windows. Even during the horrendous winter of ’93, we didn’t get “cabin fever.”


         




         Green Mountain Homes’ production facility was closed several years ago. I now provide pre-construction, advisory services rather than supplying house plans. I believe the book provides adequate information for a professional home designer to make the necessary calculations and develop the detailed plans needed to build a solar home.





         All of the Green Mountain Solar homes shown in this book are privately owned and are not available to the public. The policy of protecting my homeowners’ privacy was established long ago and has helped to maintain good relations with my clients. The privacy of all Green Mountain Solar Home owners has always been respected, but you will be able to take a virtual tour of a sampling of solar homes designed by the author on the enclosed CD. All of these homes utilize the solar heating system described in The Passive Solar House. Backup heating systems range from sophisticated air-to-air heating and cooling systems and oil- and gas-fired warm air systems to wood stoves supplemented by simple electric furnaces. All of these homes have an air mover to circulate and filter the air. Most commonly, the air filter is the ordinary air filter contained within the warm air backup heat system. See the control diagrams in chapter 7 for more detail.
         





         As the patents issued on the solar system described in this book have expired, the design is now in the public domain. The invention now belongs to the “People of the United States.” This book is an effort to make this “gift” more meaningful. Hopefully, it will benefit other solar designers and future homebuilders.





         Good luck with your solar project.
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         THE 
PASSIVE SOLAR 
CONCEPT
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            A French engineer named Felix Trombe is credited with the simple idea of building a solar collector comprised of a south-facing glass wall with an air space between it and a blackened concrete wall. The sun’s energy passes through the glass, and is trapped and absorbed by the blackened wall. As the concrete warms, air rises in the space between the glass and the blackened concrete wall. Rectangular openings at the bottom and top of the Trombe wall allow this warm air to flow to and from the living space. This movement of air is called thermosiphoning. At night the blackened concrete wall will radiate, or release, its heat to the interior.
            



         



         The process can, unfortunately, reverse at night bringing warm air from the living space over to the cold glass. As this warmer air is cooled by the glass, it drops to the floor which, in turn, pulls more warm air from the living space. In the process, thermosiphoning is reversed. The colder it is outside, the more the Trombe wall will reverse thermosiphon. One way to control this heat loss is mechanically to close the rectangular openings at night and to reopen them when the sun comes out.





         The Trombe wall is the “Model A” of passive solar design; that is, it is elegant in its simplicity and dependability, but has been largely supplanted by more modern technology. The Trombe wall example, however, illustrates some important principles. The system requires no moving parts, no switches to turn motors on or off, and no control systems; yet when it is functioning properly, it will collect, store, and then radiate heat back into the living space, even after the sun has gone down.





         By contrast, an active solar collector is an ancillary system; instead of incorporating heat collection, storage, and release into the structure of the building, active systems are made up of devices attached to the structure. (Active systems also represent “add-on” expenses for a home— “add-ons” are features that are additional to those that you would normally purchase.) Active systems will not work without a pump or blower operating. Typically, solar collectors are placed on the roof. Water pipes deliver water heated by the collectors to a storage tank and heated water is pumped out of the storage tank as needed. These systems will not work by themselves, as they need to have sensors “tell” switches to turn on pumps or blowers to mechanically activate the circulation of water.
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         A Trombe wall, a thermally effective but aesthetically poor design for storing and circulating sun-warmed air. At night, the process can reverse, and warm air may be drawn back out of the living space to escape through the cool glazing.





         The “passive” Trombe wall and the active solar collector system represent the technological range of solar heating systems from most basic to most complicated.





         KEEP IT SIMPLE AND 
LET NATURE HELP YOU





         Given the challenge of designing and building a naturally solar-heated home, the most widely applicable system is simple, passive, and does not add cost to the construction of the home. Let’s look at the materials which one has already committed to purchasing. Used properly, these materials become the building blocks of the naturally heated home. We need concrete to build the base of the house, and we all like windows and patio doors. Also, let’s take a critical look at the building site, because much can be done to make home orientation and vegetation function as heating and cooling assists.





         Let’s start by finding a south-facing house site. For the sake of discussion, let’s locate this house in Hartford, Connecticut, which is at north latitude 41°5’, or “41 degrees 5 minutes.” If the home faces true south, you will get the maximum solar benefit, but as you rotate your home off true south the solar benefit is reduced. At solar noon in February in Hartford, Connecticut, the cost of being oriented at an angle other than true south is indicated in Table 2–1.



[image: 9781933392035_ps_0027_004]


      


         As you can see, the reduction in solar benefit increases exponentially as you rotate the home’s orientation away from true south. Within 20 degrees or so of true south, the cost of variation in lost solar benefit is minimal, which allows some latitude in placing the house on a site that presents obstacles such as slopes and outcroppings.





         Ideally, the north side of the site will provide a windbreak, with evergreen trees and a protective hillside.These natural features will protect the home from the harsher northerly winds and weather. Deciduous trees on the east, south, and west will shade the home in summer, yet drop their leaves in winter, allowing sunlight to reach the home. Yet the ease with which sunlight will penetrate through the deciduous trees in winter.
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         The ideal orientation for a solar house is with its long axis perpendicular to true south (or 0° on the diagram). Because of various factors, it’s sometimes necessary to shift the orientation somewhat. Within 20 degrees of true south, the cost in solar gain is minimal, but as the orientation shifts more drastically, the house will significantly lose solar benefits.





         KNOW YOUR SITE





         Spend some time on your proposed home site. Try camping on the site to learn about its sun conditions in different seasons. Make a point of being on the site at sunrise and sunset at different times of the year. Develop a sense for which direction the prevailing wind comes from. Use your imagination in order to picture the view from each room. Mark the footprint of your new home on the ground, and develop a “feel” for what each room will be like after the home is constructed. In addition to solar orientation, consider access, view, wind direction, snow removal, power, septic, and of course, water. Carefully investigate your water source. If it is to be non-municipal, consider dowsing to find the best location for a well. (The American Society of Dowsers in Danville, Vermont, can refer you to a qualified water dowser in your area.) Sometimes it’s advisable to drill the well in advance of building your home just to be sure of the cost, quantity, and quality of your water.





         The long axis of a solar home should run east to west, presenting as much surface area to the sun as possible. If your new home measures 24 by 48 feet, maximize the amount of surface that the sun will strike by siting your home with the 48-foot dimension running east-west.





         SOIL CONSIDERATIONS




         The location of the base for your new home must be high and dry. The presence of water in the base of your new home will cause untold problems, not the least of which is mold. Water will also rob the Solar Slab of stored heat. Be careful to use a minimum of 12” of compacted sand or gravel under the concrete blocks shown in the diagrams The Solar Slab concrete heat exchanger: a section drawing and The Solar Slab: a sill detail. You must also have a continuous perimeter drain outside the footings that drains to an aboveground location.
         





         Radon is a consideration in certain locations. The EPA does not recommend soil testing for radon prior to construction of new buildings, because the radon concentrations in soil can be much different from one point on a lot to another. Testing enough locations at enough depths on a site would be very expensive. A much cheaper and more reliable approach is to use radon-resistant techniques when the building is built. These techniques are very inexpensive, help protect the home from radon, and also help solve other problems like moisture in the home. Many of the techniques are already used by good builders. See the EPA publications “Radon-resistant Construction Techniques for New Residential Construction” (EPA/625/2-91/032) and “Radon Prevention in the Design and Construction of Schools and Other Large Buildings” (EPA/625/R-92/016) for more information.





         Negative pressure results when a hole is dug in the ground. This can cause unwanted gasses to enter the home via the base. A common technique for soil depressurization involves running PVC pipe around the outside of the footings. A fan can be attached and unwanted gasses such as radon are drawn from below the slab and vented above the roofline where they are quickly diluted in outside air.





         A practical approach to the suggested mitigation scheme is to install the necessary perimeter drain, the above-grade discharge and cap off the vertical riser. After the house is constructed, test to see if there is a problem. The next step is to uncap and extend the vertical so it will draw naturally. If after retesting, the problem still exists, then add the exhaust fan.


         




         The EPA recommends that a qualified contractor be used to mitigate homes because of the specialized technical experience required. Without proper equipment or technical knowledge, one could actually increase the radon levels or create other potential hazards. See “Residential Air Cleaning Devices: A Summary of Available Information,” Office of Air and Radiation (OAR) Washington, DC 20460, EPA 400/1-90-002, February 1990.





         The National Environmental Health Association (NEHA) certifies radon mitigators that have taken a course and passed a test based upon the material taught. You should also contact your state radon program office.
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         RADON GAS DRAIN TILE VENTILATION SYSTEM SCHEMATIC





         USE WINDOWS AND PATIO DOORS 
AS SOLAR COLLECTORS





         If you locate the majority of the windows and patio doors on the east, south, and west elevations of the home, they can act as solar collectors. One often sees pictures of solar homes with huge expanses of south-facing glass tilted to be perpendicular to the sun rays. Let’s remember that you want your home to be comfortable all year-round. Tilted glass, though technically favorable during certain heating months, is very detrimental in summer. One has to design on a 12-month basis, and understand where the sun is at each time of the year, in order to comprehend how the sun may be most beneficial to your home.





         The diagram below shows the sun’s angles at three different times of the year—December 21, March 21, and June 21, at north latitude 40 degrees (see also Appendix 2). We can see in December that the sun’s low altitude almost directly strikes the south-facing vertical glass, which demonstrates again the importance of facing a home true south.





         The March 21 and June 21 illustrations show that as the days grow longer, the breadth of solar aperture widens, meaning that a home will gain more solar heat and light from its eastern and western windows. Meanwhile, the altitude of solar noon rises to 50.0 degrees on March 21 and 73.5 degrees on June 21.
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         Taking into account the sun’s angles at three representative times of year.





         MAKE USE OF THE 
LOW SUN ANGLE IN WINTER





         In Vermont at the winter solstice (December 21), the sunlight shining through a south-facing patio door will penetrate twenty-two feet into the home. On the summer solstice (June 21), the sun will only enter the building a few inches.
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         A dentist in New Hampshire placed a small round dental mirror flat on the sill of his south-facing patio door, and each day at noon he made a mark on the ceiling where the reflected sunlight hit. In twelve month’s time, can you guess what kind of geometrical pattern was on his ceiling? An elongated figure-8. The mark closest to the south wall was made at the summer solstice, and the mark farthest from the wall was made at the winter solstice.





         Let’s examine south-facing glass at solar noon. If you plant a deciduous tree on the south side of your home, the sun’s rays will shine through the canopy in winter when the leaves are gone. Yet in summer, the tree’s canopy will absorb almost all of the sun’s heat. Plant deciduous trees at a distance from the home, based on the height to which the tree is expected to grow and the size of the anticipated canopy. If deciduous trees exist on your site, cut down only those that directly obstruct the clearing needed to build the home. Thin adjacent trees’ branches after you have gained experience with their shading patterns in both winter and summer.





         Because of the high angle of the summer sun, its heat will bounce off vertical south-facing glass, unlike the almost direct horizontal hit your solar collectors will get in winter. This “gadget” called a solar home will “automatically” turn itself on during the coldest months and shut itself off during the summer months, so that solar collection is maximized for heat gain when you need the extra heat, and minimized when heat would be uncomfortable. As you grasp these basic dynamics, you have started to let nature work for you. Table 2–2 shows the amount of energy received by vertical south-facing glass at solar noon at 40 degrees north latitude.





         As you can see, the amount of energy received by vertical south-facing glass in December or January is almost triple the amount received in June.





         What about east- and west-facing glass? We frequently hear about south-facing glass, but at the beginning and end of the heating season, east- and west-facing glass make good solar collectors, as well. In March, sunrise is at 7:00 AM versus 8:00 AM in January and 5:00 AM in June. Due to the angle of the sun being perpendicular to east-facing glass as the sun rises, and perpendicular to west-facing glass as the sun sets, east- and west-facing glass do not “turn off ” as solar collectors in summer. We have to be more careful about the amount of east- and west-facing glass we use. We also have to consider location as more of a factor in the distribution of east- and west-facing glass. For example, a solar home located in Pennsylvania, which requires energy for summer cooling, should have less east- and west-facing glass than a home located in northern New England. In chapter 4 we will discuss other techniques to control the gains and losses of windows and patio doors.





         Solar Principle # 2





         Design on a 12-month basis.


      



         A home must be comfortable in summer as well as winter. When designing a solar home, carefully plan to accommodate and benefit from the sun’s shifting patterns and other natural, seasonal cycles. Before finalizing a building plan, spend time at the site at different times of day and year, and pay attention to the sun, wind, and weather.
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         Now that you understand how effectively windows and patio doors function as solar collectors, you will see why I continue to emphasize that you should use the windows and patio doors that you are already committed to purchase to not only enhance the livability of a new solar home, but also to serve as an automatic solar collection system.





         STORE THE SUN’S FREE HEAT 
FOR NIGHTTIME USE





         The other important material we have already committed to purchase for our new home is concrete and/or concrete building blocks. To store heat we need to have mass, or a body of material that can hold heat. Water is the storage medium of choice in active solar systems because it holds 62.4 Btus per cubic foot per degree Fahrenheit, making it an excellent theoretical storage medium. Concrete holds only about 30 Btus per cubic foot per degree Fahrenheit, but has an advantage: when building a new home, we have already committed to buy tons of it. Used properly, concrete becomes another integral component in a household solar heating-and-cooling system.
         





         I have described the way in which the Trombe wall utilizes concrete as part of a solar collection system. In chapter 3 we will look at another way this durable heat-storage material can be used.





         A solar house uses trees, hills, and the varying angles from which the sun strikes a home during the year to enhance its ability to collect sunlight and store its heat. I have emphasized the importance of facing a home south, and we’ve begun to think about rearranging materials that we would have purchased anyway, such as windows and concrete. Ideally, your new solar home will not cost you any extra money.





         And there are other, non-monetary characteristics of a well-built solar home, including tightness of construction, absence of air leaks, and judicious venting to supply plenty of fresh air without wasting heat. Layering the walls to prevent heat loss and providing proper venting are crucial to energy-efficiency, and we will discuss these practices in depth in chapter 4.





         Let me quote from another letter from an enthusiastic solar homeowner, this one in South Harpswell, Maine:


         




         We find it takes a special way . . . dealing with life and the environment. . . . We have come to feel great pride in our woodpile. It is not a beautiful piece of garden architecture, but you sure feel secure when you look at it. And the house has to be set exactly right to catch the sun’s rays in the colder months, and our southern deciduous trees do not cast shadows to interfere with maximum solar energy. Our daily lives and routines have been altered somewhat—keeping woodboxes filled, stove work done regularly, thermal shutters closed at about 4 PM once winter sets in. You develop a whole philosophy of working with nature and you become committed to a life style in which your house is almost a family member that you care for. There’s extra work for sure, but the pleasure you get is worth the extra effort, as we seem to watch the world around us as we never did before. It is important to us now to know when the sun will rise and set—and the direction and velocity of the wind—and the temperature of the air.






  
      



         3 

		 
		 THE 
SOLAR SLAB 
AND BASIC SOLAR 
DESIGN
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            Heating-system designers think in terms of heat transfer from warmer to cooler. The typical home furnace warms air to 140 degrees, and the warm air is delivered to the various rooms in the home via ducts. When the thermostat reads 72 degrees or another desired setting, the furnace shuts off. Heat has been transferred from the warmer body (the furnace at 140 degrees) to the cooler body (the house at 72 degrees).The design of a conventional heating system represents a straightforward problem that has a direct solution: determine the heat loss of the building, then size the furnace and ductwork in order to provide a continual or “on-demand” supply of replacement heat.
            



         



         Active systems are easy to visualize—boilers, ductwork, pipes, and radiators—whereas the elements of a passive heat collection and storage system may be almost “invisible.” When faced with the problem of designing a solar home, early solar designers tried to assimilate the elements of an active, furnace-based system. Exterior solar collectors were utilized to build up high temperatures using water or air. This heat was then stored in a high temperature “heat sink” using beds of rocks or tanks of water (“heat sink” is a physics term for a medium that absorbs and stores heat—for example, water, concrete, or masonry, in particular arrays). Ducts or pipes transported the heat back and forth from the sun-exposed exterior collector components to the interior storage components of the system. Such active systems are complicated; they tend to require added-on costs to the home, and are sometimes difficult to justify financially. Further, some of them simply didn’t work very well or were plagued with mechanical problems, especially over time, necessitating continuous oversight and maintenance.





         IT’S HARD TO GET 
A DRINK IN A DRIZZLE





         “Solar gain” is the free heat derived from the sun. Sunlight is ubiquitous, but diffuse. Systems that involve rock beds and solar hot-water storage tanks attempt to concentrate a diffuse form of energy. It is both difficult and expensive to concentrate, build, and hold high temperatures in solar heating systems. Solar energy can be compared to a drizzle: there are tons of water in the air but it’s very difficult to get a cupful to drink. Almost all attempts to build active solar homes are based on trying to build up heat in some sort of storage reservoir that will have a temperature substantially higher than room temperature.





         Since the Trombe wall, for instance, needs to build up a temperature greater than normal room temperature in order to transfer heat to the adjacent living space, the home can become overheated during the day. If, as described in chapter 2, the Trombe wall reverses its air flow at night, the home may be subjected to uncomfortable cold flows of air. If we remember that our naturally heated home needs to stay comfortable all day and all night, twelve months a year, these wide variations in temperature should be avoided.





         In this chapter we are going to examine a solar heating system that stores heat in the floor at a temperature no greater than comfortable room temperature, and a system that uses windows and patio doors as solar collectors.





         The solar system technique described in this book is a departure from conventional heating design. As mentioned in chapter 1, most heating systems are designed by specialists working independently from those producing the general house design. This practice usually results in a worst-case design, with oversized furnaces and ductwork. Oversized equipment will necessitate higher construction costs and will also cause higher operating costs, as oversized equipment inefficiently cycles on and off.





         Passive or natural systems represent transient engineering problems; many elements of the calculations necessary to design these systems occur simultaneously, making the processes they involve difficult to analyze. Most heating designers don’t like this kind of “fuzzy” problem, and often they are not given all the site information necessary to design on anything more subtle than a worst-case or generic basis.





         It is a straightforward calculation to size a furnace on a worst-case basis and to provide a system of ducts to carry heat from a 140-degree furnace to areas of 72 degrees. However, to calculate exactly what is going on when heat is entering the home from the sun is much more complicated: some heat is being used directly to heat the home; some is being stored; and some is being lost back to the outside. Moreover, each one of these events influences each of the others. From the perspective of the conventional heating and cooling technician, this is a “fuzzy” or transient problem. We will simplify this transient problem by looking at temperature averages for the day, month, and year.





         In fairness to the conventional system designer, it’s important to acknowledge that their job is to guarantee adequate heat and coolness with a wide margin to cover seasonal variation. Experimentation can sometimes lead to “call backs” or other expensive liabilities if a system doesn’t work to the homeowner’s satisfaction. A system designed on a worst-case basis may cost more to buy and operate, but it also doesn’t represent a potential liability to the designer as it will always be more than capable of doing the job.





         ROOM TEMPERATURE STORAGE





         Engineers and designers schooled in heating and ventilating have found the idea of creating heat storage at or below room temperature to be strange. Early on in the development of the system described by this book, some of the typical responses were: “Can’t be done”; “Remember Newton’s Laws of Heat Transfer—heat only goes from hot to cold”; “Low- temperature room storage will take heat from the living space. You’ll create the equivalent of an ice cube in the drink.” (That is, the drink remains at 32 degrees Fahrenheit until the last ice cube melts; in this case the “drink” is the living space and the “ice cube” is the heat storage in the floor. The skeptics are concerned that the floor won’t let the house come up to temperature.) Or, “The heat sink will act detrimentally to the comfort of the living space.”





         KEEP THE FURNACE OFF





         We will use daily averages to help analyze this transient heat problem. Let’s start by thinking in terms of how we can keep the furnace off. If the furnace doesn’t have to run at all, and instead heat is being supplied naturally and free to the house from the sun, isn’t that the name of the game?





         The Trombe wall described in chapter 2 is elegant in its simplicity but aesthetically crude. Pictures of a blackened concrete wall along the south side of a home certainly would not survive among glossy photo spreads in Better Homes and Gardens. In addition it blocks out a good portion of the cheery southerly sun. From a technical standpoint, the movement of warm air over the surface of a smooth vertical wall will cause laminar flow; that is, a thin boundary layer of air will build up and the warm air passing over this boundary layer will not readily give up its heat to the concrete. An airplane wing is an example of a surface that produces laminar flow. There is very little heat being transferred to the wing as it slips smoothly through the air.
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         Thermal mass is comprised of building materials that absorb heat effectively, charging up like a thermal battery and then yielding this heat back into the home’s living space through periods of time when the building is not actively gaining heat from the sun or from some other source.





         On the other hand, a rough surface interrupts the flow of air causing turbulence, which in turn causes greater heat transfer. Picture the fins in a baseboard radiator versus a smooth pipe along the baseboard. The fins provide much more surface area per running foot than smooth pipe would provide. This increase in surface area allows the heated water inside the pipe to give up or transfer its heat to the air. This concept will be crucial when we discuss the construction of the Solar Slab.





         Remember the goal described in chapter 2 of utilizing materials you are already committed to purchase for your new home, and rearranging them in a different configuration in order to collect and store heat. Consider what we would need to buy for a full basement. The cellar floor will require a 4-inch concrete slab and we will need a poured or concrete block cellar wall. That gives us tons of material with which to work. Let’s see how we can rearrange these materials.





         Start by moving the 4-inch concrete slab from the cellar floor to the first floor, eliminating the basement. This is the equivalent of placing the concrete Trombe wall horizontally flat. Next, let’s take some of the concrete blocks that we would have used to build the cellar wall, and place them under the concrete slab. Instead of arranging them with their holes vertical, let’s lay them on their sides with the holes lining up horizontally to form air passages running north to south. When the concrete is poured over these blocks, it will bond to the blocks and make a huge concrete “radiator”—the radiator’s “fins” are the ribs in the concrete blocks (see the illustrations).
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         The Solar Slab utilizes completely conventional materials, including concrete blocks and poured concrete. Construction of this foundation is neither difficult nor costly, yet the result will be a house with exceptionally effective thermal mass as its base.
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         The Solar Slab concrete heat exchanger: a section drawing.
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         The Solar Slab: a sill detail.





         If this combination of poured concrete slab over horizontally laid blocks is ventilated by air holes along the north and south walls, air will naturally circulate through this concrete radiator when the sun is out. Remember, we oriented our new home with the long axis of the building running east to west. When the sun is out in winter, the south wall will be warmer than the north wall. As heat is transferred into the home by the south glass or by heat transfer through the wall, air that is next to or alongside the south wall will rise. Warmed air will then be pulled out of the ventilated slab, and the cooler air along the north wall will drop into the holes along the north wall. This thermosiphoning effect will naturally continue to pull air through the Solar Slab.





         For the Solar Slab to effectively heat the home, it must be thermally accessible to the living space. It is therefore not cost-effective or thermally practical to utilize the lower level for a basement-storage area instead of as a living space.





         STORAGE OF TRAPPED SOLAR HEAT





         As heat from the sun “drives” the thermosiphoning, heat in the home, which has been trapped as in a greenhouse, will be taken up via the ribs as warm air passes through the concrete blocks, which in turn are thermally bonded to the concrete slab. Heat from the sun comes to us as light or short wave energy. Since glass is transparent to light, sunlight passes through glass and strikes objects within the interior of the home. As soon as it strikes an object, for instance the floor covering above the slab, light changes form—to long-wave energy or heat. In a highly insulated solar home, this heat will now be trapped. The temperature of the ventilated slab will rise as the trapped heat is absorbed by the concrete. Since concrete has almost no R-value it has little resistance or ability to stop the transfer of heat. Any heat transferred to the ventilated slab anywhere in the building will migrate evenly throughout the array of concrete blocks and poured slab.





         We will explore this benefit further when we discuss the use of a woodburning stove as backup heat. The heat storage benefit is free, provided you are willing to trade a full basement for a Solar Slab.





         The solar home, properly designed, can achieve thermal balance every day. The energy produced by the east-, south-, and west-facing glass will be either consumed directly by the heat demand of the home, or absorbed by the first floor heat sink as the heat comes into the home. If the heat comes in too fast to be absorbed by the mass, the home overheats. Overheating can be a major problem in passive solar design, and in many respects, passive solar design presents a significant cooling challenge.





         THE OLD NEW ENGLANDERS’ SALTBOX





         One of the designs my company offered, the Green Mountain Homes’ 28-foot by 38-foot Saltbox, will be used to explain the way the Solar Slab relates to the functionality of a solar home. For illustrative purposes, we will situate this solar home in Hartford, Connecticut, north latitude 41 degrees 5 minutes (41°5’). The floorplans and a cross section for the Saltbox 38 are shown in chapter 5.
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         Many of the plans and calculations in this book use a basic house design known as a saltbox. While designers and builders of solar homes can adopt a wide variety of house styles and construction techniques, the saltbox is useful as a model, since its design has a classic simplicity. The solar home shown here was built in 1978 in Virginia. Note use of deciduous trees for summer shading.





         We will present detailed solar calculations in chapter 6, but in order to help explain how the system works we need briefly to examine the Solar Slab, which as you recall is comprised of a 4-inch concrete slab bonded to 12-inch concrete blocks. We can calculate that a standard concrete block is about 50 percent concrete, or the equivalent of 6 inches of solid concrete. Therefore, the 4-inch slab and 12-inch concrete block are the equivalent of 6 inches + 4 inches = 10 inches of solid concrete. Discounting air passages along the north and south walls and the amount of concrete blocks displaced by ductwork, for a 28 by 38 foundation the volume of concrete equals 754 cubic feet.





         Assume that the Solar Slab temperature is 60 degrees at 7:00 AM and the daytime rise in Solar Slab temperature is 8 degrees. The Solar Slab temperature at 5:00 PM is then 68 degrees Fahrenheit. Picture what this means: The entire first floor of the living space is now up to 68 degrees; that’s 754 cubic feet of concrete at 140 pounds per cubic foot, which is 105,560 pounds or 52¾ tons inside the house, covered with the floor covering of your choice, sitting there at almost 68 degrees.





         Surely you have experienced sitting on a sun-warmed rock after sundown. It’s nice and warm, and takes a long time to cool off. Remember, the design goal is keeping the furnace off, or requiring it to do very little work. The heat stored in the first floor of the living space, and dispersed evenly throughout the first floor, has to be beneficial to the heating and comfort of the home.





         In chapter 6, the thermal balance calculation will show how extra heat provided by the sun is trapped by the greenhouse effect (the conversion of light energy to heat energy), stored, then released as needed from the Solar Slab.





         Because the Solar Slab is an effective heat exchanger, with its fins of concrete, the sun’s heat is stored in the Solar Slab at the time it enters the house and strikes the floor covering over the slab.





         The surface area inside the blocks calculates to be 366 square inches while the top surface is 119 square inches (7[image: 2] inches x 15[image: 2] inches). The ratio of square feet of surface area within the blocks below the floor surface to square feet of floor is 366 ÷ 119 = 3. This means that air passing through the blocks is exposed to three times more surface area than if the air had simply passed over a flat surface. This ratio plus the roughness of the surface inside the blocks make the Solar Slab an effective heat exchanger.





         KEEP THE HOME 
COMFORTABLE ALL DAY





         In a building in which the solar design components have been properly sized and located, while the windows and patio doors are collecting solar energy, the temperature of the home will hold steady at between 68 and 70 degrees, and will not overheat. If the glass area is too large for the heat storage capacity of the mass, the house temperature will rise to uncomfortable levels, and the occupants will be forced to open windows to ventilate, thereby losing the benefits of both immediate comfort and storage of the sun’s free heat for use later in the evening. Greenhouses are examples of spaces that overheat during the day and get very cold at night. On the other hand, too much thermal mass and not enough glass to collect heat will result in a chilly, cave-like space that will never come up to the comfortable temperature.





         The home must have a proper balance between the square footage of its glass solar collectors and the dimensions of its effective thermal storage mass. A prevalent mistake in solar design is using too much glass. The thought pattern seems to be that if some south glazing is good, a lot more is better. As we discussed above, overglazing will cause overheating and detrimental negative temperature swings at night. In fact, in some cases, the cost to heat the overglazed home at night will exceed the benefit derived on sunny days. This consideration is especially important in the northeast, where we have about 50 percent sunshine in the winter and long cold winter nights. The good news in the northeast is that our heat season is so long and severe that almost any measure we take to utilize the sun’s free heat can result in significant cost and energy savings.
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         How does the Solar Slab work? Here is a sequence of illustrations showing its operation in three modes. First, a sunny day in winter. Heat from the sun and when necessary a small backup woodstove is stored in the thermal mass of the radiant floor as sun-warmed air is drawn by vents through channels made by aligned concrete blocks beneath the poured slab and the home’s finish flooring.
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         On a cold winter night, solar heat stored in the home’s slab during the day radiates upwards into the living space. The temperature of the entire floor will not vary more than 1 degree. A small wood or coal stove will normally provide adequate supplemental heat, and a small conventional furnace will double as an air mover for the solar heat exchanger, as well as providing backup heat (see chapter 7). Nighttime window insulation prevents the loss of heat through the largest of the windows and patio doors.
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         During a sunny summer day, because of proper siting, glazing, and sizing of thermal mass, the Solar Slab will aid in cooling the house, as excess solar heat is absorbed during the warm hours of the day. Before the home can overheat, the day has ended (this is called “thermal lag”). The same attic fan used in winter to redirect heat from the second floor ceiling can be used in summer to vent warm air out through the attic vents. In air conditioning areas, air-to-air heat pumps can also be used in tandem with the Solar Slab.





         Let’s return to the objective of keeping the furnace off. The furnace was off all day as the solar home collected and stored heat. During the evening, the occupants will need very little supplemental heat to maintain 68 to 72 degrees until 10:00 PM (bedtime), because the entire first floor of the house was 68 degrees at 5:00 PM. Basically, the backup heat is only heating the difference between the Solar Slab temperature and the desired room temperature. If 68 feels comfortable, then no backup heat is needed at all. As the Solar Slab gives up its heat to the first floor living space, the Solar Slab temperature will start to decline. The first floor room temperature at 7:00 AM will be the same as the Solar Slab temperature. Stored heat has been given up to the house through the night, and the Solar Slab is now ready to absorb the next day’s free solar heat. This solar home will stay ready to instantaneously accept any solar heat available. If the sun comes out for just a few minutes between clouds, that heat will be collected, as there are no sensors that have to react to turn pumps on.





         In addition, this solar home will absorb excess heat from cooking, lights, and yes, even the heat given off by human bodies. A particularly nice way to heat a solar home is to throw a party and invite lots of people over on a cold winter day! Remember, heat travels from warm bodies to cold bodies. We are each a small furnace, running at 98.6 degrees.





         THE THERMAL FLYWHEEL





         Do you remember the old John Deere tractors that had an external heavy-metal flywheel? The tractor’s small engine slowly got the huge flywheel spinning. Once up to speed, very little energy was needed to keep the tractor moving. That is called mechanical inertia. A body in motion doesn’t want to stop. Likewise, the Solar Slab provides thermal inertia to the home so that the home “wants” or tends to stay at a steady temperature, using very little purchased fuel in the process. With this kind of thermal inertia built into the solar home, we can downsize the backup heater, and instead size equipment for less than worst-case conditions.





         Why haven’t other people used this building technique? The answer most likely lies in the difficulty of trying to calculate the effect of a “room temperature heat sink.” Some would say that this approach seems to violate conventional heating theories.





         My approach to the problem of heating a home with the sun was to make my best engineering calculations, and then build and monitor a prototype. This represented both a professional and financial risk on my part, but it was well worth it. I was sure that my approach would work, but what I didn’t know was how well. By measuring all energy entering the test building, and keeping careful records of the Solar Slab temperatures, we were able to verify the effectiveness of the design.





         A PATENTED DESIGN





         As I started to make heat loss and solar heat gain calculations in 1975, I became more and more convinced that I was on to something unusual, and decided to protect my invention by applying for a U.S. Patent. In order to receive a patent one must prove that the idea or design is original. One of the unique aspects of the Solar Slab design is that the maximum achievable temperature is room temperature. Conventional thinking says that room temperature storage will be at best neutral, or at worst, will result in a drain of heat from the room. Remember the key concept of temperature difference (in engineer’s jargon, “Delta T”), and the laws of heat transfer—heat will only flow from hot to cold.





         The Monitoring Effort





         As explained in chapter 1, Professor A.O. Converse, of the Thayer School of Engineering at Dartmouth College led a team that independently monitored our prototype, and he and I co-authored several papers which were presented at various solar conferences. His work culminated with the “Final Report Monitoring Studies of Green Mountain Home’s Hybrid Systems,” December 8, 1978. “We certainly conclude that the purchased energy requirements were quite low and the percent solar is well above 40 percent.” New Mexico’s Sandia Laboratories published their report on Green Mountain Homes in July, 1979 (its reference number is SAND 79 - 0824).
         






         The monitoring effort with the Thayer School was centered around a Green Mountain Homes Model N-38 in Royalton, Vermont. Professor Converse and I had a unique opportunity to install instruments in the superstructure of the N-38 during construction. We also placed measuring devices in an “X” pattern within the Solar Slab and installed vertical probes in the gravel layer under the concrete blocks and inside and outside of the footings.





         In addition, we also installed a device to measure the incoming solar energy (insolation).





         All energy consumed by the building was documented. Meters measured the electricity consumed by the furnace and the second floor blower as well as the electricity used for all other purposes. A fuel meter was installed to measure the number of gallons of oil consumed by the furnace.





         Solar Principle # 3





         Provide effective thermal mass to store free solar heat in the daytime for nighttime use.


        



         When sunlight strikes surfaces, the solar energy is converted from light to heat. Design a home’s thermal mass to effectively absorb the warmth of sunlight as it enters the building in winter, thereby avoiding overheating. Achieve thermal balance by sizing the storage capacity of the thermal mass to provide for the heating needs of the building through the night. In summer, a properly sized thermal mass will serve to cool the building because of “thermal lag” — that is, excess heat will be absorbed during the daylight hours, and by the time the mass has heated up, the day is over and that stored heat can be discharged by opening windows to increase circulation during the night.
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         As evidenced in the Thayer report, the home was very energy-efficient and compared favorably with several active solar homes which were also being monitored by Converse and his colleagues at that time.





         The efficiency of our design had exceeded my expectations, and the monitoring verified information that we had predicted in the U.S. Patent application. The ongoing independent monitoring of the prototype and the knowledge gained by working with solar homes located over a wide area with diverse design requirements allowed us to continually refine and improve our design methods.





         PARTIAL RESULTS OF THE 
INFORMATION MONITORING EFFORT





         1. The temperature was consistent and evenly distributed throughout the concrete slab and concrete blocks, with any difference in temperature being within one degree. This observation helped in the design of back up heating systems. That thermal consistency is particularly beneficial to the woodburning home; since the heat from the woodstove “migrates” evenly throughout the first floor, the design of a home that uses a woodstove as backup heat is essentially the same as designing for solar. The engineering problem is the same in the sense that the woodstove is an uncontrolled centralized source of heat that needs to be distributed evenly throughout the building and stored, if necessary, for use after the stove finishes its burn.



         2. More than 100 percent insolation was measured on sunny winter days. This was attributed to the reflection up and into the building from snow cover on the south patio. This factor saves some of the homeowner’s energy, because the south patio can be left unshovelled, allowing the snow cover to reflect the sun’s heat and light into the building.



         3. The temperature outside the footings (4 feet in the ground) reached a maximum of 68 degrees Fahrenheit in September, and slowly decayed to a minimum of 45 degrees in February. The huge reservoir of heat at 45 degrees or better in the ground below the gravel layer is transferred into the home when it is unoccupied and unheated. This effect is described in chapter 7.



         4. A 12-degree temperature drop was measured as the air passed through the Solar Slab in summer. This indicated that the Solar Slab was indeed absorbing energy. This heat transfer and absorption was later incorporated into the design of air-to-air heat pumps for summer air conditioning.



         5. We learned that the solar heating system’s electrical energy usage, though small in magnitude, was a relatively significant part of the total usage because of the low overall heat demand of the solar home. Through trial and error, the second floor blower was reduced in size from the original 1/3 horsepower squirrel-cage type to an inline 1/40 horsepower duct fan, thereby almost eliminating it as a significant energy user.





         Everyone’s Legacy





         U.S. patent law is very different from most of our other laws in that it discriminates; that is, it grants exclusive use of the invention to the inventor for seventeen years. We don’t have many laws that obstruct free trade to the extent that our patent law does. In an effort to remedy this obvious conflict, the law gives the invention to the “People of the United States” after seventeen years. This book, hopefully, makes this gift more meaningful, as it is an attempt to explain to lay people as well as professional builders how best to utilize this invention to heat and cool homes yet to be built.
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         INSULATION, 
VENTING, AND 
FRESH AIR
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            As explained in chapter 1, insulation standards have increased dramatically since 1973. The quantities and types of insulation needed to facilitate solar heating of a home are no longer considered unusual or “alternative.” As house construction becomes tighter and insulation standards rise, the danger of causing water damage through condensation increases. And by sealing fresh-air vents to the outside, we risk jeopardizing the indoor air quality. We will need to be very careful not to “over-do a good thing” by completely sealing up a home. Our homes need to have adequate fresh air. Just as overglazing will cause overheating problems, we can cause air quality and maintenance problems by not providing proper ventilation for the well-insulated and tightly constructed solar home.
            



         



         WHAT IS VAPOR?





         Vapor control is probably one of the most misunderstood principles in home design. In order to properly design a highly insulated solar home, we must first understand how to control vapor. We have all seen water condense on the outside surface of a glass filled with ice water on a hot summer day. The warm, moist summer air is full of water in the form of vapor—a gas. When this warm, moisture-laden air strikes the cold surface of the ice water glass, the water vapor changes from a gas to a liquid, and drops of water appear on the outside surface of the glass. The conditions existed for condensation to occur. These conditions are a combination of temperature, moisture content, and vapor pressure. Similarly, under certain conditions dew will form on the late evening or early morning summer grass, when chilled air makes contact with warm blades of grass and water vapor condenses to liquid droplets.





         In winter, our homes are full of warm air, which has moisture in it. With the outside temperature being very cold, the conditions for condensation will sometimes occur within the wall and/or roof cavities. If moisture-laden air is allowed to enter the wall or roof cavity, and if it condenses there, the result will be water damage, just as if a leaky roof or burst pipe had flooded an area that is supposed to stay dry. First, this condensing water vapor will ruin the effectiveness of fiberglass insulation, and then it will cause rot and mildew. The irony is that the more insulation that’s placed in the walls and roof, the greater the danger of creating the conditions for condensation within a wall or roof cavity.





         WE NEED FRESH AIR





         The remedies for such vapor problems are providing good fresh air make-up to the home, and providing positive vapor barriers in the walls and roof. We should maintain the fresh air replenishment of our homes at no less than two-thirds of an airchange per hour; that is, two-thirds of the entire air volume of your home should be replaced each hour.
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         Water vapor will migrate toward cooler areas, and without proper use of a well-sealed vapor barrier on the living-space side of the walls, insulation will gradually collect moisture, rendering it eventually useless.


[image: 9781933392035-57]



         


         Two designs for layered wall construction. I recommend the design, above, utilizing 2 x 4 studs and a continuous layer of 1-inch rigid insulation. While both walls are R-20, the layering of the 2 x 4 wall with exterior rigid insulation produces a thermal-break, thereby reducing framing losses and outside-air penetration.





         1. Provide ventilation in all bathrooms. Fans should be vented directly to the outside.



         2. Where possible, provide ventilation in the kitchen. Fans that just recirculate and filter kitchen air are not as good as fans that are ducted to the outside.



         3. Be sure to vent a clothes dryer directly to the outside.



         4. Don’t be concerned about the use of a woodstove. It will pull fresh air into your home.



         5. When it comes to daily comfort, use your best judgment, and don’t be preoccupied with saving energy to the point that you don’t open windows to allow fresh air into your home if the house feels stuffy or stale.


         




         Recently the American Society of Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) has come out with a new standard for whole house ventilation. It states that minimum whole house total ventilation shall be no less than 0.35 air changes per hour (ACH). It also states that a mechanical system shall be installed to provide the ventilation. Several states have adopted the standard, including Vermont. I was told in a call to the Vermont Department of Public Service that the mechanical system can be quite simple or complicated depending on the equipment purchased. The complicated and more expensive system is an air-to-air heat exchanger. The Vermont Department of Public Service told me that the simplest way to conform to the law in Vermont is to install a programmable switch to operate a bathroom ventilation fan for a specified time period each day.





         This book recommends a whole house ventilation rate of 0.67 air changes per hour, which has been derived through experience as a healthy rate of air replenishment. Rates of less than 0.67 per hour will, in my opinion, endanger the health of the occupants. Further, inadequate ventilation will and can lead to other airborne problems, including possible mold buildup.





         Let there be no misunderstanding about where the fresh air makeup is coming from. The walls and roof of your home should be very tightly constructed as shown in the details We Need Fresh Air and Two designs for layered wall
construction. Fresh air will enter your home through controlled or deliberate openings, as previously described, not through gaps in the insulation or poorly sealed windows and doors. The amount of fresh air intake can be measured by independent testing agencies at a nominal cost. This service is provided in some cases at no cost by state agencies. One such testing method is called the “Blower Door Test,” where a fan is installed in an exterior door, and the rest of the house is closed up. By running the fan and measuring the overall volume of air, the number of air changes can be determined. If the rate is too low, you will need to increase the amount of fresh air intentionally introduced, possibly by adding an air-exchange or ventilator system. If the rate is too high, you can reduce infiltration by improving insulation, adding weather-stripping, or sealing gaps around doors and windows.





         POSITIVE VAPOR BARRIERS





         In heating situations, the rule is that a vapor barrier must be placed toward the heat, in other words on the heated or interior side of the structure. In normal wall and roof construction, the vapor barrier is placed right behind the drywall—between the drywall and the studs. This vapor barrier should be “positive” in the sense of being a discrete membrane, not incidental to the batt insulation, and it should be carefully lapped and sealed. Positive vapor control means the placement of a separate vapor barrier such as the 6-mil “poly” shown in the 2 x 4 stud wall, which shows an R-20 wall and an R-32 roof section. In chapter 6 we will calculate these R-values (the R-value represents the resistance to heat transfer, therefore the higher the R-value, the less heat this material will transfer).





         The preferred wall design is the 2 x 4 stud wall with batt insulation and a layer of Styrofoam outside the exterior wall sheathing. This layering makes a tight wall and provides a continuous layer of rigid insulation outside the 1/2-inch plywood sheathing. Layering the wall construction in this manner reduces heat loss which occurs through the framing members (“bridging losses” are heat losses that result from studs transmitting cold directly into the home). It is all but impossible for outside air to penetrate a wall that has been layered in this way, since the seams between pieces of rigid insulation and the seams of the plywood will not coincide.





         Although I don’t recommend doing so, the exterior layer of rigid insulation may be eliminated by the substitution of 2 x 6 studs with 6-inch batt insulation; however, with larger studs bridging losses will be more significant, and these additional losses should be considered when the framing lumber is in direct thermal contact between the inside and the outside of the wall unit. Although 2 x 6 framing has become standard, in most cases it isn’t structurally necessary to use 2 x 6s; a wall constructed of 2 x 6s 16 inches on center is probably overbuilt, and the bridging losses will be greater with 2 x 6s and no exterior rigid insulation. The use of an exterior house wrap is important with 2 x 6 wall construction to seal cracks and construction joints. Exterior house wraps (such as Tyvek or Typar) are designed to stop the wind but allow moisture to pass through (so that moisture will not be trapped inside the wall, but can exit to the exterior side). House wraps are not vapor barriers. House wrap is not needed with the 2 x 4 stud wall, since the outside tongue-and-groove Styrofoam serves as both additional insulation and a seal against penetration.





         When selecting rigid exterior wall insulation, be sure to purchase closed-cell, extruded polystyrene insulation such as Dow Chemical’s Styrofoam “Blue Board,” or U.S. Gypsum’s Formula R. Less expensive open-celled alternatives are susceptible to insect damage, and degradation in R-value over time.





         An ongoing free flow of air should be maintained from the eave to a continuous ridge vent. This flow of air above the insulation will keep the roof plywood from getting warm, helping to prevent “ice dams.” It will also keep the roof cooler in the summer. In high snow areas, a “cold roof ” is often used, in which a separate vented roof is installed above the roof plywood. This design is useful where double protection from moisture and cold is needed. The “cold” roof is added on top of the vented roof construction. The original roof is covered with heavy felt or tarpaper, and the top of the cold roof is typically covered with a metal roof to shed snow. I recently noticed that all new construction at Sun Valley, Idaho, is built this way.





         Remember that damp insulation loses its ability to block the loss of heat, and wet insulation is worthless. Pay particular attention to the continuous interior vapor barrier shown in the wall and roof details. Placing unfaced batt fiberglass insulation and then applying a continuous and distinct vapor barrier is a better solution than relying on foil-faced or kraft-faced fiberglass for vapor control. Positive vapor control will stop water vapor from migrating into the wall or roof insulation cavity.





         It is not uncommon for a newly constructed and tightly insulated home to have excess moisture content in the air during the first winter. This is due to the gradual stabilization of moisture content of all the materials used inside the home. As these materials dry, the moisture content of the air will slowly decrease. If there is excess moisture in the air, water vapor will condense on the coldest surface available—the windows. This is entirely predictable in the first few weeks of the first winter. The “cure” is to open a couple of windows and ventilate the home. If, however, this condensation persists, it means that there is a bigger problem, and the source of the excess moisture should be investigated.





         A client once called me, sure that his ski house was “self destructing.” A ¼-inch layer of ice had formed over some of the window surfaces, and water was dripping off the windows. The temperature was about 10 degrees outside. Upon inspection, a dryer vent was found to be venting to the inside of the house. As his clothes were dried, moisture was being pumped into the home. Since the home was properly constructed and had positive vapor control, the water vapor had only one place to go—the windows. The homeowner was instructed to “crank up” his woodstove and open a second floor window at each gable end to let the house vent. In a matter of hours, the house began to stabilize.





         Another homeowner installed the batt insulation in the ceiling of his home but had never managed to install the vapor barrier. He was living in and finishing the construction of his home at the same time. After six weeks of the heating season, the ceiling insulation was completely saturated with moisture, rendering it useless. All of this soggy fiberglass had to be removed and replaced; this time he installed fiberglass insulation properly protected with a positive vapor barrier.





         Solar Principle # 4





         Insulate thoroughly and use well-sealed vapor barriers.


        



         Build tightly constructed, properly insulated walls and roofs. Carefully install and seal discrete vapor barriers on the living-space side of walls, ceilings, and/or roofs. Incorporate an air-lock entrance.
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         An old-time Vermont builder once told of installing a board ceiling in the second floor of a new home. Since he didn’t believe in vapor barriers, the insulation was placed with no vapor barrier between it and the square-edged board ceiling. Halfway through the first winter, the boards were all water stained. Both the boards and the insulation had to replaced at his expense. His rationale had been that he always used batt ceiling insulation with no vapor barrier on top of drywall so that the ceiling could “breathe.” Inadvertently, he was creating a drywall vapor barrier. Drywall with two coats of latex paint makes a fairly effective vapor barrier; however, when square-edged boards were substituted for the drywall, moisture traveled through the joints, and the dew point was reached within the ceiling insulation layer, causing the water problem.





         R-VALUES





         R-values have been mentioned several times. In order to specify the correct insulation levels for a passive solar home, we will need to understand what R-values are, how they are calculated, and how you can use the information derived from the calculations. All materials transfer heat at different rates, and R-value is the measure of the resistance of a given material to the transfer of heat. As explained in chapter 3, concrete transfers heat at a rapid rate, while wool sweaters with air trapped in their weave transfer heat more slowly. Appendix 3 shows a list of R-values for various materials.





         “U-values” are the inverse or reciprocal of R-values. U-values are expressed in Btus per hour per square foot per degree Fahrenheit. Btu stands for British thermal unit, and is the amount of heat necessary to raise the temperature of one pound of water one degree Fahrenheit (in this book, for the sake of clarity, we will use the nomenclature “Btus” in text and equations when referring to these units in plural; true ASHRAE aficionados will note this departure from engineers’ normal practice).





         The heat loss of a home is calculated by first determining the U-values for the walls, windows, and roof. Individual heat losses for specific areas are determined by multiplying square feet of surface area by the U-value. Then a calculation is made of the amount of energy needed to reheat the fresh air that is coming into and escaping from the building during each hour. The total of these losses represents the total theoretical loss of the building. This kind of calculation will be demonstrated and explained in chapter 6.
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         Thermo-shutter design for nighttime window insulation.





         NIGHTTIME WINDOW INSULATION





         Notice in the floorplans shown in chapters 5 and 8 that thermo-shutters are shown on some of the windows and patio doors. In the three-bedroom plan, the thermo-shutters are used on three south-facing patio doors as well as one window each in the east-facing dining/family room and west-facing master bedroom, on the first floor, and on two windows in the east- and west-facing bedrooms on the second floor. The combined area of these windows represents a total of 203 square feet of glass.





         Insulating the windows and patio doors at night (especially the largest windows) will measurably improve their performance as solar collectors. A single pane of glass has an R-value of 1, meaning that single-glazed glass is essentially only keeping the wind out! The window companies have now developed better-insulated glass. High-performance glazing has selective coatings on various surfaces of the sheets of glass, and the air between the sheets of glass is replaced by gasses that are more effective insulators. And yet, although high-performance glass is better than ordinary glass, the R-value of even dual-pane glass pales when compared to an R-21.36 wall. Remember, insulated dual-pane glass has an R-value of 1.92, whereas the wall is 21.36/1.92, or 11 times better. While architecturally attractive glass makes an excellent solar collector while the sun is out, the winter nights are long and cold, turning windows and patio doors into thermal losers at night.
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         Thermo-shutter design for insulating typical 6-foot patio doors.





         In addition to transmitting heat out of the thin panes of glass, uninsulated windows actually draw heat out of you. Have you ever noticed that it seems much colder to sit next to a patio door at night versus sitting next to a nicely insulated wall?





         There’s more bad news. Warm air from the room will be drawn toward the glass, and as this warm air is cooled by the colder glass surface, it flows toward the floor, allowing more warm air to be drawn to the cooling glass. This is the same kind of reverse thermosiphoning effect that can take place at night with the Trombe wall described in chapter 2.





         Most heating system designers locate heat grilles in front of windows and patio doors to provide a “bath” of warm air across the glass surface. This increases the inside surface temperature of the glass, which increases the temperature difference across the glass, which in turn increases the heat loss of the glass. One error compounds another, and so on.





         As you have probably deduced, the solution to this problem is to add nighttime insulation to the windows. The illustrations Thermo-shutter design for nighttime window insulation and Thermo-shutter design for insulating typical 6-foot patio doors show thermo-shutter details for a typical six-foot patio door and six-foot-wide window grouping. Note that the interior insulation of the thermo-shutter is 1 inch of foil-faced urethane. The interior foil face will reflect heat back into the room, even though it is sealed inside the thermo-shutter. With the thermo-shutter closed you may now comfortably sit next to a patio door on a cold night. The thermo-shutter is providing added insulation as well as reflecting heat back into the room. The stop shown on the details allows the thermo-shutters to fit tightly, which eliminates reverse thermosiphoning at night.





         The photograph below shows how the thermo-shutters may be decorated with fabric, which may be changed seasonally. Construction of thermo-shutters takes the skill of a qualified finish carpenter. You could hire a cabinet shop to make them.





         Thermo-shutters have a year-round benefit, as they may also be closed to keep out the sun. They are most beneficial in summertime on east- and west-facing windows since the sun enters more directly into the living space in the morning and afternoon. The outside foil face of the insulation contained within the wood veneers will reflect the sun’s summer heat back out the window.





         Other Options for Window Insulation





         There are commercial products made of fabric on the market that can be used to add insulation to windows and patio doors. Make sure that any product bought for this purpose provides both added insulation and a tight fit along the top or bottom edge (ideally both) to stop the nighttime reverse air flow.
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         Detail of thermo-shutter showing use of curtains as decorative finish. When in the open position, the folded-back shutters are no more obtrusive than curtains along the sides of a window or glass door. Likewise, when closed, the window will appear to be covered by curtains, yet the insulation value of the layered shutter is far superior to that of curtains alone.
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		  BASIC LAYOUTS 
AND FLOOR PLANS
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            A New England-style “saltbox” house (known to Green Mountain Homes customers as the Saltbox 38) will be used in the first part of this chapter to illustrate and explain energy-saving floor plan considerations. Then we will consider the unique features of two economical “starter” homes. In chapters 6 and 7 you will find an explanation of how to calculate your home’s future solar gain and its backup heating needs. As emphasized consistently in this book, the more thoroughly and carefully you consider your space, energy, and heating and cooling requirements while planning your home, the more smoothly the construction process will go, and the happier you will be when you move in.
            



         



         Assuming that you have now spent some time on your new solar home site, you will have begun to get a feel for the route of the sun throughout the day. We should lay out the home’s rooms in relation to the patterns of the sun; that is, morning areas and activities should be planned for the east side of the home, and evening activities generally on the west side. Referring to the floor plans shown for the Saltbox 38, you will see that the kitchen is on the east side. This means that you will often start your day with the sun beaming into your east-facing windows.





         If you are a morning person, you may want to occupy the second-floor east bedroom, as it will see the sun first. Even if the rest of your home is not up to temperature in the early morning, the east side will be collecting solar energy from the earliest sunlight, and you may not need any supplemental energy simply as a result of locating yourself on the sunny side of your home in the morning. If your backup heating system is controlled by a thermostat, locate this on an east-facing wall exposed to the morning sun. If it is going to be a bright and sunny solar day, the sun will strike the thermostat and “trick” it into not turning on the backup heat. If the sun stays out for the day, and as it migrates from east to west around your home, free solar energy will heat your living spaces, with any excess energy being stored in the Solar Slab for use later in the evening. You are satisfying the goal of keeping the furnace turned off just by room placement.
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         Typical saltbox design: a cross-section. (Do not use for construction. Dimensions are given to correspond with heat loss calculations in chapter 6).





         Notice in the saltbox floor plan that the living room is in the middle of the south side. The living room will be up to temperature slightly later than the dining/family room, as the sun and normal living habits migrate from east to west in the home. Later, as the days grow longer, you will be able to view sunsets through the west-facing bedroom windows.
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         Sample floor plans for the Saltbox 38 used as the basis for the solar design calculations in chapter 6. Thermo-shutters are used on larger windows and patio doors.
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         WOODSTOVES FOR BACKUP HEAT





         

            The woodburning stove and chimney are located central to, and in close proximity with, the most lived-in areas of the home—the dining/ family room and living room. The woodstove will radiate heat in all directions from its open, centralized location.



         



         This also allows maximum safety for the interior chimney. An interior chimney stays warm as the hot gases are escaping up the chimney. This will minimize the build-up of creosote, provided that seasoned, dry hardwood is used for burning.





         Since there is no basement, the space under the stairs can be used for utilities such as the domestic water heater and ventilation or air-circulation equipment. Keep waterlines in the interior partitions of the home, not in exterior walls. This will guard against possible freeze-ups.





         You may also consider installing a domestic hot-water tempering tank, with water pipes and control wires running between the tempering tank and the woodstove, as many stoves have hot-water jackets that can be used to heat water in winter. The woodstove will heat the water in the tempering tank which in turn will feed pre-heated water to the conventional hot water heater. A simple drain-down external solar collector can be added to the system to pre-heat the water with sunlight in spring, summer, and fall.





         Solar Principle # 5





         Utilize windows as solar collectors and cooling devices.


      



         This idea sounds obvious, but many people overlook the obvious and spend large amounts of money purchasing, fueling, and maintaining furnaces and air-conditioners to address needs that high-quality windows can also address. Vertical, south-facing glass is especially effective for collecting solar heat in the winter when a home needs additional heat, whereas the same windows will let in much less heat in summer, because the sun’s angle is more horizontal in winter and steeper in summer. Provide insulated window and patio door coverings to decrease nighttime heat loss in winter, and to control solar gain in spring, summer, and fall. Windows that open can be used to release excess heat and direct cooling breezes into the house.
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            FACE THE LONG DIMENSION 
OF YOUR HOME SOUTH



         



         The 38-foot house dimension is lined up east to west; that is, the ridge of the home runs east to west. By facing the long, sloping roof to the north, you will orient the high side of the home with its majority of surface to the sunny south, and the other facade, with its reduced surface area, will face to the sunless north.





         Two-story homes are more energy efficient, because they have double the living space under one roof. Heat rises, so the second floor, at least thermally, comes almost free. Two-story home construction costs are also less per square foot, since double use is made of one concrete base and one roof.
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         Floor plans for the N-38-X discussed in chapter 6. This house has three bedrooms and two baths, and every room is sunny: there is no dark “north side.” Thermo-shutters are indicated on the larger windows and patio doors.
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         Floor plan for the prototype Green Mountain Homes N-38 that was used for the monitoring study discussed in chapter 3.





         Note the concentration of windows and patio doors on the east, south, and west elevations. There are only two small windows facing north on the Saltbox 38.





         Since there is no full basement, storage has been provided on the second floor under the north-sloping roof. In addition, there is attic storage space in the east and west sections of the building.





         For this layout, the ideal location for the garage and air lock entry is on the northeast side of the home. Try to locate garage doors on the south elevation to allow the sun to help remove snow and ice. East or west locations for garage doors are next best, while the least desirable location for a garage door is north. Remember that most of what is carried into and out of a home involves the kitchen. The northeast garage location and air lock entrance are the most convenient for carrying groceries into the kitchen.





         These same principles are also illustrated in the smaller, more economical N-38 “starter” home shown in the illustrations above. Note that there are no north rooms in this home, as every room in this 16-foot-wide house has a south exposure. The N-38 was the prototype built first and used by Green Mountain Homes to demonstrate the Solar Slab design.
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            HOW TO DO 
THE SOLAR DESIGN CALCULATIONS
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            Let’s assume that you have found a good solar building site. Using a popular Green Mountain Homes saltbox design as a representative plan, we will move into the more technical portion of the design process by conducting what an engineer would call a “thermal study” of the planned solar home. I will demonstrate with the specifications for a “Saltbox 38” the calculations essential for solar design. Subsequently, in chapter 8, I will explain how to use the worksheets included in this book to do your own thermal study incorporating the specifications for your particular design and site.
            



         



         For the sake of discussion, let’s plan on locating our example of this Saltbox 38 in Hartford, Connecticut.This is not the most obvious locale, perhaps, for a solar home, but Connecticut is perfectly suitable. And if solar heating will work in frosty New England, it will work wherever you are planning to build your home. Another way to say this is that Western and Southwestern states with high elevations, clear skies, and high annual percentages of sunshine tend to be associated with solar home design, but obviously many people desiring solar homes live elsewhere.
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         CALCULATE R-VALUES FIRST





         The illustration Typical saltbox design: a cross-section shows the Saltbox cross-section, and the
one Two designs for layered wall
construction shows wall and roof insulation. I recommend a 2 x 4 stud wall with a layer of 1-inch Styrofoam outside the exterior plywood sheathing. We first need to calculate the heat loss of the building. Step one of this calculation involves determining the wall and roof U-values. Remember from chapter 4 that U is the reciprocal of R, and expressed as Btu/hr • ft2 • °F. The R-value of the wall or roof is the sum of the individual R-values of the various elements that make up the total.
         








         The total wall and roof R-value for the Saltbox 38 is given below.
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         We will use insulated dual-pane windows and patio doors and assume the manufacturer’s published overall R-value is 1.92 (so that means that the U-value will be 1/1.92 = 0.5208).





         REHEATING THE FRESH AIR COMING IN





         The thermal “cost” to reheat the recommended [image: 1] air change per hour discussed in chapter 4 will comprise the infiltration portion of the total heat loss. There are several ways to calculate infiltration losses; we will use the air change method and assume the total air infiltration from all sources is [image: 1] air change per hour. This assumption is based on data derived from the formal monitoring conducted on the prototype N-38 in Royalton, Vermont. This figure includes losses from cracks around windows and doors, the amount of air lost by entering and exiting the building, and the air expelled out of the building by fans in the bathrooms.
         





         Experienced technicians can conduct tests to determine the number of air changes per hour. If for some reason the home has less than a [image: 1] air change per hour, fresh air should be introduced to keep the airspace fresh and safe.





         

            According to the 1972 ASHRAE Handbook of Fundamentals, the heat required to heat one cubic foot of air one degree is the product of the air’s specific heat times its density, or
            


            


         



         H = c × d



         where:
         





         H = heat required to raise 1 cubic foot of air 1 degree Fahrenheit



         c = specific heat of air (0.24 Btus per pound per degree Fahrenheit)



         d = density of air (0.075 pounds per cubic foot)





         If





         H = 0.24 Btus per pound × degree × 0.075 pounds per ft3





         then 


         




         H = 0.018 Btus/ft3 • °F
         


         


         To obtain our infiltration loss we will use the following formula:


         




         I = V × H × Q



         where:


         




         I = infiltration loss



         V = volume of house (in cubic feet)



         H = heat removed (Btus/ft3 • °F)
         



         Q = volume of air change (air changes per hour)





         If





          I = V(cubic feet) × H (Btus/ft3 • °F) × Q (air changes per hour)
         





         

            then



         



          I = Btus/hr • °F
         


         




         We now have all the information we need to calculate the total heat loss of the Saltbox 38. Referring to the Saltbox 38 floor plan, elevations and cross-section (see chapter 5.), the total heat loss can be calculated as shown in Table 6–3.
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         Subtracting the square feet of glass from the above total wall area, the net wall area is:


         




         1,898 total square feet of wall area – 271 square feet of glass = 1,627 square feet of unglazed wall area


         




         The total heat loss for the walls, glazing, and roof is the sum of the products of the square feet of area multiplied by the respective U-values as shown on the following page.



[image: 9781933392035_ps_0078_006]




         Estimated Atmospheric clearness numbers in United States for nonindustrial localities. The clearness number changes from winter to summer in certain locations.


         




         A. Net Wall Loss = Heated Wall Area (1,627 square feet) × U-value of Heated Wall (0.0468 Btus/hr • ft2 • °F) = 76.14 Btus/hr • °F
         


         




         B. Roof Loss = Roof Area (38 feet × 40 feet = 1,520 square feet) × U-value of roof (.0307 Btus/hr • ft2 • °F) = 46.67 Btus/hr • ft2 • °F
         


         




         The house’s Infiltration Loss, calculated using the air change method of analysis is predicted as follows:


         




         C. Infiltration loss = Total Volume of Living Space × Heat Removed × Air Changes per Hour
         


         




         Total Volume = (8 feet × 28 feet × 38 feet) + (19.67 feet × 8 feet × 38 feet) = 14,492 cubic feet


         


         Infiltration loss = 14,492 ft3 × 0.018 Btus/ft3 • °F × [image: 1] air changes per hour = 174.77 Btus/hr • °F
         


         


         D. Total Heat Loss through Glazing = Area of Glass × U-value
         


         




         The total area of glazing is shown in Table 6–4 (use your window manufacturer’s literature to obtain the square footage of glass area per window, in your particular case). In our sample Saltbox, the heat loss through glass will be:


         




         271 square feet of glass × 0.5208 Btus/hr • ft2 • °F (U-value of glass) = 141.14 Btus/hr • °F
         


         




         The house’s total heat loss is summarized in Table 6–5.
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         Since this house has no basement, basement losses are not indicated in Table 6–5. Due to the highly insulated perimeter of the Solar Slab and the small area exposed above grade, the Solar Slab perimeter heat loss is insignificant, and also not indicated in the table. If the Solar Slab perimeter loss were to be calculated, it would amount to 2 percent of the total heat loss. This loss should be included if, for some site or design reason, it would amount to more than 2 percent.





         Another heat loss factor to consider is the heat transmitted through the framing; this is also referred to as bridging loss. Since the outside wall on this sample Saltbox is constructed as I’ve recommended, with a continuous exterior layer of rigid insulation, and since 2 x 12s were used as roof rafters, bridging losses were deemed to be insignificant, and were therefore omitted in the wall and roof R-value determinations. In most contemporary houses, tightly constructed and well-insulated, these bridging losses will be likewise insignificant, and may be ignored in heat loss calculations.





         If, on the other hand, your framing represents more than 10 percent of the wall area, the framing loss should be included in your own calculations. This might occur in certain forms of post-and-beam or log-wall construction. Should you wish to adjust your calculations for framing or bridging losses, one method is to adjust the U-value. For example, in a 2 x 6 wall with the 2 x 6s 16 inches on center, the 2 x 6s account for about 10 percent of the wall area. At 24 inches on center, they account for about 6 percent of the wall area. The following example shows how to adjust the U-value for a 2 x 6 wall 24 inches on center, and a 2 x 12 roof 16 inches on center:


         




         Average U-value of Wall = (Framing Area % of Total Wall Area × Framing Material’s U-value) + (Insulation Area % of Total Wall Area × Insulated Wall U-value)


         


         Average U-value of Wall = (0.06 × 0.1478*) + (0.94 × 0.0468) = 0.0529 Btus/hr • ft2 • °F
         


         


         Average U-value of Roof = (0.10 × 0.0723*) + (0.90 × 0.0307) = 0.0349 Btus/hr • ft2 • °F
         


         




         * The U-value for a 2 x 6 is 0.1478 and for a 2 x 12 is 0.0723, assuming kiln-dried hemlock-fir or spruce-pine-fir


         




         In our Connecticut example, the outside temperature used as the basis for calculation is 0 degrees; this is referred to as the “outside winter design temperature,” and you can find a table with representative outside winter design temperatures in appendix 4. Assuming the inside temperature to be 72 degrees Fahrenheit, the theoretical hourly heat loss of the Saltbox 38 in Hartford, Connecticut, is:


         




         438.72 Btus/hr × °F difference (72 degrees inside – 0 degrees outside) = 31,588 Btus/hr
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         CALCULATING SOLAR GAIN





         Next we need to calculate the solar gain, the heat input attributable to sunshine. The percentage of sunshine in Hartford, Connecticut, for the heating season is shown in Table 6–6.





         One should never assume that there is not enough sun in a given location to justify building a solar house. It might be surprising to many people that the average insolation for the nine-month heating season in Hartford, Connecticut is 52.4 percent, meaning that the daylight hours are sunny more than 50 percent of the time on average in this location. Your new home should be designed to take advantage of whatever natural solar benefits are available. It is reasonable to assume that the economical percentage of solar heat attainable approximates the percent sunshine in a given location. Therefore, when designed properly, this home in Connecticut should receive about half of its heat free from the sun. If so, how can a solar house not work in Hartford, Connecticut?
         





         Remembering that the Saltbox 38 used in this chapter has 162 square feet of south-facing glass, 64 square feet of east-facing glass, and 35 square feet of west-facing glass, we will calculate the predicted monthly insolation using appendix 2, Solar Intensity and Solar Heat Gain Factors (SHGF), for north latitude 40 degrees, from the 1993 ASHRAE Handbook of Fundamentals. The table lists half-day totals, and reads from top to bottom for sunrise to solar noon, and bottom to top for solar noon to sunset. We will ignore the sun’s contribution of heat into the house’s west glass in the morning, and likewise we will ignore the afternoon values for east glass, making the east-side SHGF equal to the west-side SHGF. Since the home faces true south, we will double the south-side SHGF half-day totals. The heat gain per square foot of glass on a given orientation is the product of:
         


         




         Solar Heat Gain Factors (SHGF) × Shade Coefficient (SC)


         




         In the case of our saltbox, the Shade Coefficient (SC) is the reduction in solar gain due to sunlight being reflected off each sheet of glass. SC is an ASHRAE term. From the 1993 ASHRAE Handbook, we find that the SC for 1/2-inch insulated glass is 0.88.
         





         An examination of Andersen casement window performance specification sheets shows SC = 0.91 for Air-Filled Dual-Pane Glass with a U-Value of 0.48. Go to: http://www.andersenwindows.com/UE/ProductGuide/Residential/400CasementPicturePerformanceCenterofGlass.asp
         





         For Andersen’s High-Performance Low-E Glass, SC = 0.51 and U-Value = 0.28. Substituting Andersen’s High-Performance Low-E Glass in this chapter’s example resulted in a 31 percent decrease in solar efficiency. In other words, the percent solar went from 54 percent down to 37percent, and most important, fuel consumption increased by 24 percent.





         Performance was nearly identical to this chapter’s example when Andersen’s Air Filled Dual-Pane Glass was used.





         From these test runs, northern passive solar homes depending on south, east, and west faced glass as daytime solar collectors should use normal AirFilled Dual-Pane Glass. Simply stated: Glass with a low SC value prevents too much of the sun’s heat from entering the house. High-Performance Low-E glass with diminished values of SC most probably will be best used in passive solar homes located in the south or central climate zone, where cooling is of equal or greater concern than heating.





         Readers are advised to find out the values of SC and U-Value for the windows and patio doors they plan to use in their design. For Pella Windows go to: http://pellaadm.com/HTML/search.html?shade%20coef



         Test computer runs should be made using the CSOL program with the different options available, and the SC and U-Value that yield the best results should be used in the design.





         Simply stated: Glass with a low SC value prevents too much of the sun’s heat from entering a northern solar home. Be sure to find out the SC of your glazing.





         Another consideration, which may be counterproductive, is the Department of Energy and the Environmental Protection Agency Energy Star program. U-Values for glass are published for four climate zones in the United States. The Northern Zone specifies a U-Value equal to or less than 0.35. As stated above, Andersen’s Air-Filled Dual-Pane Glass produced favorable results in our solar home example calculation, but this window has a U-Value greater than 0.35 (0.48). This could present a problem if a lender requires that the new home meet the Energy Star program’s guidelines.





         The SHGF also assumes atmospheric clarity of 1.00. If your location is high in elevation and has dry and clear atmosphere, the SHGF may be increased up to 15 percent. Conversely, if the location is hazy and humid, the SHGF should be reduced. To illustrate the calculation, I will use the figures for the September Solar Heat Gains.
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         From appendix 2, and using the SHGF for 40 degrees north latitude, the September SHGF half-day totals are:
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         The potential solar gain (expressed in Btus per square foot per day) for east-, west-, and south-facing glass are shown in Table 6–7 (remember that south is multiplied by 2, in order to indicate two half-day subtotals).





         Multiply each column by the square footage of glass on each elevation, then by the number of days in each month, and finally by the percent sunshine. The totals for each elevation are tabulated in Table 6-8 in millions of Btus. Let’s use September as a sample calculation.


         




         East = 787 SHGF × 64 square feet × 30 days × 57% sunshine



         = 0.86 million Btus


         


         South = 1,344 SHGF × 162 square feet × 30 days × 57% sunshine



         = 3.72 million Btus


         


         West = 787 SHGF × 35 square feet × 30 × 57% sunshine



         = 0.47 million Btus


         




         The totals in Table 6–8 need to be adjusted for the heat reflected back from the window due to dual glass. Calculate the loss by multiplying the above monthly totals by a Shade Coefficient of 0.88 (the SC of 1/2-inch insulated glass).
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         CALCULATING HEAT LOAD





         Degree days are a measure of the heat required for a building, and degree day data from the 1981 ASHRAE Handbook of Fundamentals will be used in this chapter (see appendix 5). A degree day is defined as the difference between the median outdoor temperature and 65 degrees for a 24-hour period. The standard assumption is that the inside design temperature is 72 degrees, of which 7 degrees will be derived from sources other than the furnace. These sources include heat from lighting and cooking, the body heat of people, and so forth. Degree day tables are tabulated with an outside base temperature of 65 degrees. For example, if the outdoor median temperature was 64 degrees for the 24-hour time period, then that day had 1 degree day. The local power company keeps accurate track of degree days for its heat load calculations, and is usually a good source for this information. Oil and propane companies use degree days as a guide to tell them how frequently to make deliveries. The National Oceanic and Atmospheric Administration (NOAA) also tabulates this and other valuable weather data. The nearest engineering or earth sciences library will most probably have this data on microfiche. Ask for the five-year average to obtain a good approximation of your heat load. The degree day data obtained from other sources may differ slightly from the data contained in this book, since this kind of information is routinely updated. Slight differences will not materially affect your solar prediction calculations. Remember that we are dealing with a “fuzzy” (transient) problem, and solar predictions at best will be an informed approximation.
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         Knowing the calculated heat loss of our building, the degree days for our location, and the solar gains for our location, we are now ready to tabulate this information and derive our solar performance prediction.





         

            Let’s first calculate heat load per month. See Table 6–10 for a summary by month of the building’s projected heat load.



         



         The Performance Summary for the home is shown in Table 6–11.





         The Difference: Not Solar Supplied in Table 6-11 is the purchased fuel that will be needed per year. Note that in September, October, and May, the home is receiving more solar heat than needed, and in that case the windows are probably open, releasing the extra heat. In the table, when the “Solar Supplied” number exceeds the “Heat Load” number, zero is used for that month in the “Difference” column.





         In this example the calculation process is as follows:


         




         Total Purchased Fuel = 33,710,000 Btus


         


         Total Heat Demand = 65,170,000 Btus


         


         Percentage of Purchased Fuel = 33,710,000 Btus ÷ 65,170,000 Btus × 100 = 52% Not Solar Supplied


         


         Percentage supplied by Solar = 100% – 52% = 48% Solar Supplied


         




         The above calculation assumes that the home is faced true south. In our example, Hartford, Connecticut has a westerly magnetic deviation from true north of 12 degrees (see appendix 7 for an isogonic map, which indicates magnetic declinations). That means that once we have established our north–south compass line, the north–south axis of our solar home should be rotated clockwise 12 degrees.
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         HEAT LOSS REDUCTION DUE TO 
WINDOW INSULATION





         In chapter 4 we discussed the benefits of providing supplementary window insulation using thermo-shutters or some other form of night-time insulation on at least some of the home’s glazing. Let’s now calculate the difference in performance assuming that we are going to install thermo-shutters on 203 square feet of window and patio glass. This example further assumes that the thermo-shutters will be closed at night during the heating season.





         Utilizing the same technique demonstrated earlier in this chapter, we calculate the R-value of the thermo-shutter to be 7.76. The total R-value of the window or patio door with the thermo-shutter closed is shown in Table 6–12.





         Assuming that the thermo-shutters are closed for sixteen hours per night and open for eight hours during the day, the thermo-shutter credit will be calculated as follows:
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         Square feet of thermo-shuttered glass × (U-value of glass – U-value of thermo-shutter) × Number of hours with thermo-shutters in closed position


         


         203 square feet × (0.5208 Btus/hr • ft2 • °F – 0.0883 Btus/hr • ft2 • °F) × 16 hours/day
         


         


         = 1,405 Btus/°F • day


         




         Applying the above thermo-shutter credit to our previously calculated total heat loss, the new predicted heat loss total will be:


         




         10,529 Btus/°F • day – 1,405 Btus/°F • day = 9,124 Btus/°F • day


         




         Using this revised heat loss calculation, we now recalculate the monthly heat load as shown in Table 6–13.


         




         Table 6–14 shows the home’s total heat load in relation to the portion that is supplied by solar and not supplied by solar.


         




         Now the totals can be summarized as follows:


         




         Total Purchased Fuel = 26,030,000 Btus


         


         Total Heat Demand = 56,480,000 Btus


         


         Percentage of Purchased Fuel = 26,030,000 Btus ÷ 56,480,000



         Btus × 100 = 46%


         


         Percentage Supplied by Solar = 100 – 46 = 54%
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         As you can see, adding thermo-shutters lowers the total heat requirement of the home and increases the percentage supplied by solar. The overall effect of using thermo-shutters is summarized in Table 6–15.





         From the performance summaries in this chapter, we can see that about two-thirds of our purchased energy is required to meet heating needs in December, January, and February. It is in these months that nighttime window and patio door insulation is the most beneficial. These months have the longest nights and shortest days, making it less inconvenient to cover our glass, since we can’t see out anyway. There are also non-numerical benefits provided by nighttime window and patio door insulation. Many people find that a home with window insulation psychologically “feels” cozier and more secure.
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         DID WE KEEP THE FURNACE OFF?





         The performance summary tabulations are based on monthly averages and don’t tell us when and if the furnace runs, or what the living space and Solar Slab temperatures are. Have we met our design goal of keeping the furnace off?





         February is a high-intensity solar month, making it a good one in which to check the living space and Solar Slab temperatures. We need to make sure that the home is in thermal balance and not overheating. In the following discussion, we will continue with and refine the concepts introduced in chapter 3.





         Let’s assume that the Solar Slab is comprised of 4 inches of concrete slab bonded to 12-inch concrete blocks, as illustrated The Solar Slab concrete heat exchanger: a section drawing and The Solar Slab: a sill detail. Since the Solar Slab is inside the perimeter-foundation-wall insulation, and contains ductwork that displaces some of the concrete blocks, we will reduce the volume of theoretical concrete mass by 15 percent.





         Remembering from chapter 3 that a concrete block is about 50 percent solid concrete, the volume of concrete in our Solar Slab is calculated as follows:


         




         

            Volume of concrete = foundation dimensions × depth of concrete × % of theoretical concrete volume that is functional thermal mass


            


         



         In the sample Saltbox, let’s define these variables in this way:


         




         Depth of concrete = ½ of concrete block height (½ × 12 inches)+ slab thickness (4 inches) = 10 inches (or 0.833 feet)


         




         Volume of concrete =





         (28 feet × 38 feet × 0.833 feet) × 85% = 754 cubic feet


         




         The adjusted predicted heat loss with thermo-shutters will be:


         




         9,124 Btus/°F • day ÷ 24 hr/day = 380 Btus/hr • °F


         




         Let’s see if the furnace needs to run. Our start time will be 10:00 PM, and we will assume the following circumstances:


         




         1. The automatic thermostat has switched to its set-back position of 55 degrees, and our occupants have retired for the night.



         2. The 10:00 pm Solar Slab temperature is 68 degrees, because the preceding day was sunny.



         3. The overnight outside temperature is 10 degrees.





         Let’s calculate what the 7:00 AM Solar Slab temperature will be. Appendix 2 shows that in February, our solar day starts at 7:00 AM and ends at 5:00 PM.



[image: 9781933392035_ps_0091_005]




         We also need to estimate what the average inside temperature will be overnight. Using our 10:00 PM start temperature of 68 degrees, and assuming a 7:00 AM morning temperature of 60 degrees, the average overnight living space temperature is then 64 degrees. Our Delta T (temperature difference between inside and outside) will be calculated this way:


         




         Delta T = inside temperature (64°) – outside temperature (10°)



         = 54 degrees Fahrenheit


         




         Likening the Solar Slab to a battery, we will next see how much of a “charge” (measured in degrees) we will lose overnight. We will need to calculate the Solar Slab Thermal Capacity (SSTC). The SSTC is the product of the volume of concrete multiplied by the capacity of concrete to hold heat.





         As explained above, the measure of a material’s capacity to hold heat is called “specific heat,” which is the ratio of the amount of heat required to raise a quantity of a given material one degree to that required to raise an equal mass of water one degree. The heat storage capacity of the Solar Slab is about 30 Btus per cubic foot per degree. This figure is derived as follows. The specific heat of 12-inch standard weight concrete blocks is about 0.22 Btus per pound per degree Fahrenheit. The specific heat of poured concrete is between 0.19 and 0.24 Btus per pound per degree Fahrenheit. Using 0.215 for the combination of concrete slab and concrete blocks, and 140 pounds per cubic foot as their combined weight, the heat capacity of the sample Solar Slab is calculated as follows:


         




         0.215 Btus/pound • °F × 140 pounds/ft3 = 30.1 Btus/ft3 • °F
         


         




         The SSTC equals


         




         754 ft3 of concrete × 30 Btus/ft3 • °F
         



         = 22,620 Btus/degree of change


         




         The 10:00 PM to 7:00 AM heat loss will be:


         




         380 Btus/hr • °F × 54° × 9 hours = 184,680 Btus


         




         Since there is a positive temperature difference between the Solar Slab and the living space, the Solar Slab will supply the necessary overnight heat. Dividing the 10:00 PM to 7:00 AM heat loss by the SSTC, we find how many degrees the Solar Slab lost overnight:


         




         184,680 Btus ÷ 22,620 Btus per degree = 8.2 degrees


         




         Our “battery” lost 8 degrees of “charge.” Subtracting the overnight temperature loss of 8 degrees from the 10:00 PM Solar Slab temperature of 68 degrees, we find that the 7:00 AM Solar Slab temperature would be 68 – 8 = 60 degrees.





         The set-back on an automatic thermostat lowers the temperature at which the thermostat calls for heat, and does so at a time which the resident specifies. In this example the set-back, overnight temperature is 55 degrees between 10 PM and 7:00 AM. That is, the house temperature must go below 55 degrees before the thermostat will switch on the furnace. Since the Solar Slab temperature will not decay to less than 60 degrees in this example, in actuality there will be no requirement for the furnace to operate to maintain a comfortable overnight temperature, even though the ambient or outside temperature may be severely cold.





         This is a situation where even the most skeptical person will agree that the Solar Slab is yielding heat from its stored state back into the living space.





         Since the thermostat was set to turn on the furnace at 55 degrees, the furnace did not operate from 10:00 PM to 7:00 AM because the minimum overnight living space temperature was 60 degrees.





         Next let’s assume that the daytime heat setting is 68 degrees, and as suggested in chapter 5, we have located the thermostat on an east-facing interior wall. Let’s further assume that we have another sunny day. At 7:00 AM we are having breakfast in our sunny east side dining/family area, and the sun is warming us and also striking the thermostat, which heats up and does not turn the furnace on. As the solar day progresses, the entire home rises in temperature to 68 degrees. As excess solar heat enters the home, and is stored in the Solar Slab, the living space temperature will probably increase to between 70 and 72 degrees. Since these temperatures are above the thermostat setting of 68 degrees, from 7:00 AM to 5:00 PM the furnace will not operate.





         Using the information contained in appendix 2, from the 1993 ASHRAE Handbook of Fundamentals, the amount of solar energy or insolation available to vertical glass on February 21 at north latitude 40 degrees is as shown in Table 6–16.
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         Because some of the sun’s energy is reflected out of dual-glazed windows, the amount of heat passing through the insulated dual-glazed window is reduced by multiplying the above totals by 0.88, which you will recall is the Shade Coefficient (SC) for 1/2-inch insulated glass.





         Our total solar gain for the day can be calculated as:


         




         0.88 × (648 SHGF × 64 square feet of east-facing glass) + 0.88 × (1,642 SHGF × 162 square feet of south-facing glass) + 0.88 × (648 SHGF × 35 square feet of west-facing glass)= 290,537 Btus


         




         The Average Winter Temperature for Hartford, Connecticut, is 37 degrees Fahrenheit (see appendix 5). Let’s assume that our sunny February 7:00 AM to 5:00 PM outside temperature is 40 degrees. Using 68 degrees as the inside temperature, the Delta T (temperature difference between inside and outside) will be





         

            68° - 40° = 28° Fahrenheit


            


            The heat loss from 7:00 am to 5:00 pm will therefore be:


            


            380 Btus/hr • °F × 28° × 10 hr = 106,400 Btus


            


         



         Note: It is reasonable to use the reduced heat loss figure of 380 Btus per degree-hour, because the windows are heat gainers on sunny days. Also, the sun striking the south wall neutralizes it in terms of heat loss.





         The amount of free solar heat available for storage during the 10hour solar collection time period can be summarized as:
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         To find the daytime Solar Slab temperature increase, divide the above figure by the SSTC:


         




         184,137 Btus ÷ 22,620 Btus per degree = 8.14 degrees


         




         Our “battery” took on a daytime charge of 8 degrees. Adding the daytime Solar Slab temperature gain of 8 degrees to the 7:00 AM Solar Slab temperature of 60 degrees, we have a 5:00 PM Solar Slab temperature of 68 degrees. Since the temperature of the home will have quickly risen to 68 degrees even though the furnace had been “tricked” into not operating during breakfast, the furnace will have ended up not running all day.





         From 5:00 PM to 10:00 PM the furnace may be needed to supplement the heat in the Solar Slab to keep the temperature at 68 degrees or higher, as required by the occupants.





         Should the next day be sunless, the furnace will operate longer to keep the airspace up to temperature. In chapter 7 we will discuss how the Solar Slab assists the furnace even on sunless days.
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         IS THE HOME
IN THERMAL BALANCE?





         The above 24-hour analysis demonstrated how the furnace was off for long periods of time, and showed that the Solar Slab’s 24-hour temperature swing or variation was about 8 degrees. Using this methodology for design calculations, a home incorporating a Solar Slab should be designed to keep the Solar Slab temperature swing within a range of about 10 degrees or less.





         Table 6–17 gives the thermal summary for the Solar Slab for the 24-hour period described above.





         Thermal balance has been achieved because the overnight loss in heat is about equal to the amount of heat that the east-, south- and west-facing glass was able to collect in excess of the amount of heat needed by the home during the day while the sun was out. This excess heat was absorbed by and later given back by the Solar Slab. The Solar Slab daily gain was approximately equal to the nighttime loss.
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         An example of a smaller, one-story solar home, in which every room is sunny.





         In our example of a Saltbox 38 in Hartford, Connecticut on a sunny February 21, the amount of energy collected by the windows and the patio doors, the heat demands of the home, and the size of the thermal mass are all in proper proportion. This home is not overheating and the daily temperature swing was within comfortable limits.





         What was the cost to heat this solar home for the 24-hour period described above? Let’s assume that the furnace fires at 0.85 gallons of oil per hour. The furnace will probably have run for about 1.5 hours in the evening and possibly .5 hours in the early morning. In that 24hour period, the furnace ran about 2 hours, consuming


         




         2 hours × 0.85 gallons per hour = 1.70 gallons of oil


         




         At $1.99 per gallon, the residents will have paid $3.38 for their fuel for that February day and night. The vast majority of the heat they used was free, simply harvested from the sky.





         INSURING COMFORT: 
SOME BASIC GUIDELINES





         It is difficult to make a general rule that dictates the amount of glass and the amount of thermal mass that a solar home will need to perform optimally throughout the year. Try not to use too much of a good thing. That is, don’t overglaze. Make sure that the thermal mass is sized to allow no more than a 8-degree temperature swing from its warmest to coolest state. The occupants will feel comfortable with a temperature swing in the Solar Slab from a low of 62 to high of 70 degrees, and uncomfortable if it is colder in the morning than 62 or hotter in the afternoon than 70.





         Typically, a poured slab will be 4 inches thick in a larger home, and up to 7 inches thick in a smaller home such as the N-38-X, which was another model offered by Green Mountain Homes. The N–38–X represents a small house with 1,408 square feet of living space, whereas the Saltbox 38 represents a larger home of 1,895 square feet (see photo.).





         Attempts have been made to produce ratios that will dictate the ideal relationship of glass to mass, or glass to wall area, or glass to floor area. Again, considering the wide variations in regional climatic conditions and in the specific characteristics of local building sites, general rules are difficult to create and apply. There really is no substitute for good solar design and good judgment. As can be seen in the example above, the amount of glass on each elevation and the size of the thermal mass are interrelated, and such relationships are dependent on location, the heat loss of the building, and other factors.





         The Saltbox 38 we have been using as an example is designed according to the following ratios of glazing to insulated wall area, considering the glass area on the east, west, and south as a percentage of insulated wall area:


         




         261 square feet of glass ÷ 1,898 square feet of insulated wall area × 100 = 14%


         




         Using 8 degrees as the design temperature “swing” in the Solar Slab, the smaller home will be used to illustrate a procedure to determine the appropriate thickness of the poured slab.





         The specifications for this representative N–38–X (sample location: Middlebury, Vermont) are:


         




         Footprint (dimensions of Solar Slab) = 16 feet × 38 feet = 608 square feet


         


         East- and west-facing glass = 44 square feet each


         


         South-facing glass = 122 square feet


         


         East-, west-, and south-facing glass area ÷ insulated wall area = 210 square feet ÷ 1,720 square feet × 100 = 12%


         


         Area of glazing insulated with thermo-shutters = 80 square feet


         


         Total heat loss for the house, with thermo-shutters in use = 295 Btus/hr • °F


         




         Let’s determine the thickness of the Solar Slab needed to keep the above solar home in thermal balance. Middlebury is approximately 44 degrees north latitude. Since appendix 2 lists the SHGF for 40 and 48 degrees north latitude, the SHGF will be interpolated for 44 degrees north latitude. Using a peak February day, and 8 degrees as our maximum desired Solar Slab temperature swing, the correct calculation is as follows:


         




         Solar Principle # 6





         Do not over-glaze.


         



         Incorporate enough windows to provide plenty of daylight, but do not make the mistake of assuming that solar heating requires extraordinary allocations of wall space to glass. An over-glazed building, as shown below, will probably overheat. A highly insulated and well-constructed home with a proper number and distribution of high-quality windows does not need much energy to maintain comfortable temperatures year-round.
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         Elevation Solar Heat Gain Factor



         East 594 Btus per square foot (half-day total, reading down the table)



         South 817 × 2 = 1,634 Btus per square foot (full day)



         West 594 Btus per square foot (half-day total, reading up the table)


         




         Using a Shade Coefficient of 0.88 (for 1/2-inch insulated glass), the total insolation for a peak February day is:


         




         East = 44 ft2 × 594 Btus /ft2 × 0.88 = 23,000 Btus
         


         


         South = 122 ft2 × 1,634 Btus/ft2 × 0.88 = 175,426 Btus
         


         


         West = 44 ft2 × 594 Btus/ft2 × 0.88 = 23,000 Btus
         





         _______________



         Total: 221,426 Btu


         




         Since the SHGF Tables assume a Clearness Number of 1.00, and since Middlebury is in snow country, the total insolation will actually be increased by 10 percent, because the low angle of the February sun will reflect heat upward from the snow cover. The new total, adjusted accordingly, is:


         




         221,426 Btus × 1.10 = 243,569 Btus


         




         The Average Winter Temperature for Middlebury, Vermont, is about 30 degrees. Using 68 degrees as the average inside temperature, the Delta T or difference is:


         




         68° – 30° = 38° Fahrenheit


         




         The 7:00 AM to 5:00 PM heat loss will be:


         




         295 Btus/hr • °F × 38 degrees × 10 hours = 112,100 Btus


         




         The amount of free solar heat available for storage during the 10hour solar collection time is:


         




         Total Insolation 243,569 Btus



         Heat Loss (112,100 Btus)



                             ____________



         Excess available to store: 131,469 Btus


         




         The formula to determine the necessary thickness for this home’s Solar Slab is:





         Stored Btus = cubic feet of concrete × Btus per cubic foot per degree × maximum design Solar Slab temperature variation, or


         


         131,469 Btus = x cubic feet of concrete × 30 Btus per cubic foot per degree × 8 degrees
         





         This means that the correct figure in the equation for the cubic feet of concrete needed will be 548. The next calculation will involve dividing this cubic foot total by the square footage of the slab multiplied by 85 percent to account for the functional percentage of thermal mass in the overall slab (the figure 0.85 compensates for the portion of concrete block displaced by air passages and ducts):


         




         548 cubic feet ÷ (16 feet × 38 feet × 0.85)



         = thickness of Solar Slab (1.06 feet, or 13 inches)


         




         Since 12-inch concrete blocks are half solid, the slab thickness is 13 inches – 6 inches = 7 inches.





         NO COOKBOOK RECIPES 
FOR SOLAR DESIGN





         While writing this book I conducted a search of the design records for existing Green Mountain Homes in the hope of finding certain ratios or percentages that were common to all solar homes and that could be used to assist other designers. No obvious “cookbook recipe” emerged, except for two basic design parameters:


         




         1. The square footage of east-, south-, and west-facing glass should be in the range of 10 to 20 percent of the total exterior heated wall area.



         2. The peak solar-supplied February-day increase in Solar Slab temperature should be 8 degrees.


         




         Is there a general rule about the ideal square footage of east- or west-facing glass as it relates to the square footage of south-facing glass? As mentioned earlier, east- and west-facing glass, though beneficial in late fall and early spring, must be used judiciously in locations where summer air conditioning is required. In northern New England, where air conditioning is never really necessary, the amount of east- or west-facing glass can be increased; however, in Maryland, where the expense of air conditioning is a factor, the amount of east- and west-facing glass should be less, in order to reduce morning and afternoon heat gain. Remember that west-facing glass will be especially detrimental to keeping a home cool. The low angle of the westerly sun will overheat the home in summer in locations where summer cooling is a design factor. The range of east- or west-facing glass as a percentage of south-facing glass in the homes we researched was from 25 percent to 75 percent, which is too high a spread to yield any general rule. Other factors influencing decisions about the amount of east- and west-facing glass are the floor plan or layout of the home, the location of shade trees, the direction of special views, the use of window insulation, the dominant weather conditions at the site, and most importantly, the desires and aesthetic preferences of the homeowner.





         Our design philosophy and practice has been first to present ideal considerations to the people planning a house, and then to incorporate as many of these idealized factors as possible while carefully considering the clients’ desires, needs, and particular site situation.





         One way to solve a problem is to guess. (There’s a fancier engineering term for the stratagem — convergence by trial and error). Then make the appropriate calculations and see what the results look like. Then repeat the calculations procedure with a better guess, until the variables converge toward the best result. The same method can be used to design a home with a Solar Slab.





         SUMMARY OF THE DESIGN PROCEDURE





         In summation, the sequence of steps in the solar design procedure are as follows:


         




         1. Conduct a site analysis: in other words, really get to know this place where you may be spending many years. Make numerous visits at different times of day and in different seasons.



         2. Begin to do progressively more refined drawings and floor plans for the home, keeping in mind the solar design principles presented in this book, and using the amount of glass suggested in this chapter for the east-, south-, and west-facing elevations. Keep the total square footage of the east-, south-, and west-facing glass between 10 to 20 percent of the total square footage of heated wall area.



         3. Find the north latitude of the home site (see 
appendix 4).



         4. Find the Outside Winter Design temperature for this location (again, see 
appendix 4).



         5. Calculate the R-values for the walls, glass, and roof (see 
appendix 3).



         6. Calculate the overall predicted heat loss of the home, taking a nighttime insulation credit if nighttime glass insulation will be used.



         7. Find the degree day data for the specific home site (see 
appendix 5).



         8. Find the insolation values for the home site (see 
appendix 2).



         9. Find the percentage of sunshine for the home site (see 
appendix 6).



         10. Tabulate in Btus the heat load, including the portion that will be solar-supplied and the difference, not solar-supplied.



         11. Calculate the percentage of total heat load that will be supplied by solar.



         12. Use the “converging guess” method to make several “runs,” adjusting the variables and trying out different combinations, to see which design produces the best economy while satisfying the aesthetic and living-space requirements of the home’s future residents.



         13. Using a peak solar day in February, calculate the following:





         A. The predicted daytime excess solar energy: the amount of heat available to be stored for later.



         B. The necessary thickness of the Solar Slab based on an ideal daytime temperature swing of 8 degrees.





         14. Check your overall results using common sense and good judgment—for which there is no substitute!
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         A solar home uses thermal mass—a material that readily absorbs heat—to collect and store the warmth of the sun during the day. This thermal mass will then radiate heat back into a home’s living space during the cooler nighttime hours. This book describes a technique for constructing a Solar Slab using ordinary concrete blocks and a poured slab, which transforms the conventional house foundation into a particularly effective thermal mass.
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         Folding thermo-shutters insulate windows at night (or shade the windows during times of intense sun). Space to either side of windows and doors is designed into house plans so that the shutters have room to fold back against the wall. The shutters can be decorated to harmonize with the room decor, giving you the style and grace of draperies with the much higher R-value of solid, airtight shutters.
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         Because of improvements in the standards for wall framing, windows, and insulation, even conventional houses are now far more energy efficient than our ancestors’ homes. As a result, it has never been easier to build a passive solar house.
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         The first principles of good solar design are siting a home with a southern exposure and utilizing the natural features of the site, including trees that provide shelter from harsher weather that tends to come from the north.




[image: 9781933392035_ps_0107_001]


      


         A passive solar home will to a great extent heat and cool itself, with minimal use of conventional HVAC equipment, and with no additional conventional expenses over the cost of comparably sized non-solar, fossil-fuel-dependent house. Note the three deciduous trees planted to provide summer shade, yet allow full winter sun.
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         In a building that is tightly constructed and well insulated, you will need to be sure to provide for adequate exchange of fresh air. You might want to consider including a solar cat or two in your household: not only will a cat infallibly follow the path of the sunlight over the course of the day, but with its frequent trips in and out through the door, the cat will ensure a comfortable exchange of air.
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         Three solar homes, all warm and comfortable even in the depths of winter. Note in the bottom picture how the snow lies very evenly on the roof. Proper insulation and venting of the roof allows the snow to melt away slowly without causing “tell-tale” icicles or creating ice-dam problems.
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         The front entrance and stairway of a solar home. Notice the proximity of the woodpile to the front door and the airtight wood/coal stove, which provides a substantial amount of the backup heat needed by this 3,500-square-foot home. Air grilles located behind the woodpile discharge warm air collected at the second-floor ceiling.
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         A view of the kitchen, located to the right of the stove pictured on the previous page. The stove also provides domestic hot water for further energy savings.
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         THE FOUNDATION 
PLAN, AND BACKUP 
HEATING AND COOLING
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            In this chapter we will complete the design process for the Connecticut Saltbox analyzed in chapter 6, concentrating on the foundation plan. Next,we will size backup heating and cooling systems for various fuels, and describe how to utilize these backup systems in conjunction with the Solar Slab.
            



         



         As always, our goal is to keep the furnace or air conditioner off. To measure the effectiveness of a solar-assisted heating or cooling plan, it is necessary to predict annual fuel usage to determine the best size for the backup equipment. In chapter 6, the Saltbox 38 located in Hartford was found to be in thermal balance with approximately an 8-degree temperature variation in the Solar Slab; that is, on a representative February day, the early morning temperature of the Solar Slab would be about 60 degrees Fahrenheit, and this temperature would rise to about 68 degrees by the time the sun went down.





         THE FOUNDATION PLAN





         The final step in the design of our Saltbox 38 in Hartford, Connecticut, is the detailing of the foundation plan. Note that the plan is not to scale, is not dimensioned, and is not to be used for construction. This diagram is included to illustrate the following important design details:


         




         1. Orientation: The “compass rose” is shown on the lower-right corner. The person who needs this information the most is the foundation contractor — even though that contractor may not be accustomed to thinking in solar terms. Remember our discussion in chapter 2 about the cost of positioning a home too far from the ideal orientation to true south. Be sure that the foundation is oriented exactly as your site plan specifies, since the resulting foundation “footprint” will determine how the house subsequently built relates to the sun. Showing the cardinal directions on your foundation plan will help insure that the home will be oriented properly.
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         A foundation plan for a Saltbox 38 with an airlock foyer, showing the Solar Slab heat exchanger and the proper configuration of vents and piers.





         2. Air Vents: The minimum number of air vents for a home with a Solar Slab is eight — two air vents at each corner of the first floor. However, in this case they were not placed in the northwest corner because that’s where the master bath is located. It is not a good idea to draw moisture-laden air or odors from a wet area such as a bathroom into the Solar Slab.
         



         3. Central Return Duct: The duct shown running down the middle of the base under the poured slab is included in all cases. It should always be used as the return-air duct: Do not reverse the air flow pattern shown on the control diagrams. By using the Solar Slab as part of the return-air duct system, the Solar Slab will constantly assist the furnace by pre-heating the return air. Even if the home will be heated with a woodstove and emergency electric furnace, the return duct should be included and the air mover hooked up per the appropriate control diagram (see the illustration).
         



         4. Piers and Chimney Bases: Solid masonry on undisturbed hardpack must be provided to insure that heavy column loads and chimney loads will not crack the slab.
         



         5. Miscellaneous: Plumbing risers need to be properly placed. Cast iron is the material of choice, and should be placed in the layer of sand under the concrete blocks. Water pipes embedded in the Solar Slab should be “K” copper sleeved in heavy-duty PVC plastic to protect against the corrosive reaction between concrete and copper.
         


         




         Note also that there is a drain shown through the south wall. This emergency drain will allow water to drain out of the Solar Slab at the bottom of the concrete blocks. One homeowner unfortunately had a fire on the second floor of his Green Mountain Home. The firemen quickly extinguished the blaze with a heavy dose of water. The water apparently ran down the stairs, found an air vent, then flowed into the Solar Slab and out the emergency drain. As a result, the damage was minimal. Another homeowner had a bird crash through his patio door glass. It happened during severe cold and the owner hadn’t turned off the water supply. A nearby water pipe froze and burst. When the owner returned, water was flowing from the broken pipe into an air vent and out the emergency Solar Slab drain. Again, thanks to the drain, the damage was minimized.





         CONCERNS ABOUT EMBEDDED DUCTS





         The question is, what happens to the ducts and concrete block ribs over time? Will they accumulate dirt and dust? Will mold be created?





         The answers to the above are unclear and probably dependent on the location of the home. Later in this chapter, we will discuss using an up-flow furnace/airmover in all installations. All upflow furnaces have a filter. Therefore, everytime the furnace and/or airmover operates, the air returning from the Solar Slab is filtered. Usually an ordinary furnace filter will suffice; however, if for some reason an airborne problem arose, then the filter could be upgraded to a more sophisticated electrostatic type.





         As noted in the preface, the knowledge imparted in this book has been accumulated from over 30 years of data gathered from several hundred solar homes located in the northern tier of the United States from North Carolina to and including Canada and west to the mountain states. These are locations that are primarily focused on heating. If the design described in this book is used in low lying and high moisture locations, the concerns about mold and other airborne problems may very well be valid.





         The Solar Slab foundation must be high and dry and backfilled with pervious material. There must also be a continuous perimeter drain as shown in the diagram on chapter 3.





         There seems to be a rigorous difference of opinion in the information about duct cleaning. The following conclusion has been reached by the Canadian Housing Information Centre, Ottawa, Ontario:      



   



         Homeowners should not necessarily expect significant improvements in their home’s indoor air quality, nor reductions in their heating bills, as a result of having ducts cleaned.





         Cleaning only the return ducts and the furnace fan may be the most effective and efficient approach to improving air circulation with an existing system.





         Until the efficiency of biocides is proven and their potential effects established, householders should refrain from having biocides applied. According to federal authorities, no products are currently approved by the Pest Control Products Act for use in residential duct cleaning.


         




         Here’s a bad story about a women in Texas:


         




         The monthly mail flier advertising a $99 all-house air duct cleaning service sounded like a good deal. But it ended up costing the homeowner a lot of grief and $600 for mold contamination cleanup that didn’t work—and another $3,725 insurance claim to repair her 2,600-square-foot house’s duct work.


         




         Here’s another article found while researching the subject:


         




         The Environmental Protection Agency has created a 12-page publication on the subject after it received a lot of calls from consumers wanting information, an agency spokesman said. The EPA advises consumers it is probably not necessary to clean their air ducts if no one in the household suffers from allergies, unexplained symptoms or illnesses, or if the air ducts are not contaminated with large deposits of dust or mold. “If a service provider fails to follow proper duct cleaning procedures, duct cleaning can cause indoor air problems,” according to the EPA. “A careless or inadequately trained service provider can damage your ducts or heating and cooling system, possibly increasing your heating and air conditioning costs or forcing you to undertake difficult and costly repairs or replacements.”





         One commercial duct cleaning company arrives at your home with a huge truck and inserts what is essentially a large vacuum cleaner into your duct system, creating an air movement of 16,000 cubic feet per minute. They then inject a chemical and pull it through the entire system.


         




         This doesn’t sound like anything I want done to my house. My first concern is that the metal ducts could collapse from such a large created negative pressure. My second concern is that such a huge volume of air could undermine the compacted sand layer under the Solar Slab.





         There are, however, a couple of things you might incorporate into your design:


         




         1. Provide future access to your return duct for ordinary duct cleaning equipment.



         2. Provide future access to the north and south air chambers of the Solar Slab and your return air duct. This could easily be accomplished by boxing out a 12” x 12” access hatch midway on the north and south chambers. This will facilitate inserting ordinary cleaning equipment in the air chambers.





         BACKUP HEATING OPTIONS





         Let’s assume that the convential backup heat for the Connecticut saltbox will be an oil-fired furnace. Later in this chapter we will calculate the theoretical size of the oil furnace to be 45,000 Btus per hour.





         The problem with small oil furnaces is that the oil burner nozzle orifice has a tendency to plug due to the impurities in fuel oil. A 45,000-Btus-per-hour oil-fired furnace would normally be used in a small house trailer. These units tend to be operationally troublesome. A 90,000 or 100,000+Btus-per-hour furnace will run quite nicely due to the larger oil orifice size, but such units are too big for this house in this location.





         45,000 Btus per hour is probably too much for the fan-coil arrangement. Our best backup for this home would be a gas-fired furnace. Gas-fired furnaces are readily available in the smaller Btu ranges and are operationally quite reliable. For these reasons, the sample Saltbox 38 solar home in Hartford, Connecticut, will be equipped with an upflow gas-fired furnace and a gas-fired hot water heater located in a utility room created by extending the foyer (see the floor plan). This will keep the equipment out of the living space, isolated for safety and noise-abatement reasons. Feed ducts will be located in the super structure, and each room will have a heat outlet grille.





         Later in this chapter, I will show you how to calculate that the net output of the propane gas furnace is 42,000 Btus per hour. The smallest commercially available upflow gas furnace normally will be rated at 40,000 Btus per hour. Adding duct loses to our theoretical 42,000 Btus per hour, we will need to go to the next commercially available size of 60,000 Btus per hour. Let us assume that the manufacturer’s specifications for the furnace call for an 8 x 20-inch return duct with a blower size of 900 cubic feet per minute (CFM). As a guideline, assume the side vents cut into the sides of the central return duct in the Solar Slab have an air flow capacity of 75 CFM each. Dividing the total amount of air being moved by the furnace blower by 75 will yield the number of side vents needed. In this case, 900 ÷ 75 = 12.





         Likewise, the air vents that allow air into the Solar Slab, discussed in #2 above, should equal or exceed the number of side vents cut into the sides of the return duct. Again, assume that the 4 x 14-inch air vents will have an air flow of 75 CFM.





         The 75 CFM assumption for side vents and air vents is conservative; that is, they have the capacity to allow more air flow. However, high air flows will be accompanied by noise. Low air flows will give you a quiet running system. Also, the air vents can be regulated to direct return air flows to various parts of the home. By conservatively sizing them, you provide operational flexibility. It’s a lot easier to close off an air vent than to jackhammer an extra one after the concrete is poured. The Solar Slab needs to have free air flow. In this case, more is better than fewer.





         Note also that the return duct is reduced in size the further it is placed from the blower. This manifolding will even out air flows within the Solar Slab when the air mover is operating.





         CONVENTIONAL BACKUP HEAT





         No matter how committed one is to conserving energy and not burning fossil fuels, some form of conventional backup heating must be installed. Many existing solar homes are heated only by the sun and a woodstove, and many homeowners are very comfortable utilizing alternative and renewable forms of energy. However, provisions should be made for a conventional back up heating system for the following reasons:


         




         1. A home is probably the largest single financial expenditure a person will ever make, and the value of the home should be protected by providing for a conventional backup heating system. Resale value should be considered, as prospective buyers may not have the same enthusiasm for the use of alternative energy as the original owners.



         2. Times change. A client of mine in Maine insisted that his home would be heated only by a “Russian woodstove” and the sun. He didn’t want to consider a conventional backup system. As a concession, he agreed to wire the house for backup electric heat but not to install the heaters. During his lifetime, the sun and the woodstove kept the home very comfortable; but, this kind of self-reliance was “his thing.” After his death, his wife asked to have the backup electric heaters installed.





         Use the Furnace Blower Fan to Circulate Solar Heat





         Since good circulation of air within the home and through the Solar Slab is an important part of an effective solar heating plan, the solar design described in this book is an ideal complement to a conventional warm-air heating system. This combination gives the homeowner the best of both worlds: the ease of operation and responsiveness of an on-demand warm-air system, and free solar heat when available.





         The Solar Slab heating and cooling system operates in a similar fashion to an automobile cooling system. Imagine your car radiator, which works fine without the cooling fan while traveling at 60 miles per hour. This is the equivalent of air naturally flowing through the array of concrete blocks in the Solar Slab.





         When stopped in traffic, a thermostat turns on the automobile radiator fan to ventilate the radiator mechanically. The fan pulls air through the radiator fins, which cools the water circulating through the engine. The Solar Slab operates in much the same way. As the sun’s heat enters the home and is stored in the Solar Slab, the effectiveness of the Solar Slab during peak collection times can be increased by turning on a fan.





         The most cost-effective way to provide mechanical assistance to the Solar Slab is to use the air mover or fan in the furnace. By using the Solar Slab in tandem with a conventional warm-air system as described in this chapter, you can assure that the furnace is always receiving solar-preheated air, making it more efficient. In addition, the fan can be used alone, without turning on the furnace’s heater, simply to serve as an air mover for the circulation of solar heat.





         How Big Should the Backup Furnace Be?





         To size backup heating equipment and to estimate the amount of fuel consumed per heating season, you can use the following formulas:


         




         Furnace Size =



         (Heat Loss × Design Temperature) ÷ Combustion Efficiency


         


         Fuel Consumed per Year =



         Difference Not Solar Supplied ÷ Usable Btus of Selected Fuel


         




         In our chapter 6 example, the thermal performance summary for the Saltbox 38 in Hartford, Connecticut was:


         




         

            Heat Loss without thermo-shutters: 10,529 Btus/°F • day, or


            


            10,529 ÷ 24 = 438.72 Btus/°F • hr


            


            Purchased Energy per Year without thermo-shutters:



            33,710,000 Btus



         



         Purchased Energy per Year with thermo-shutters: 26,030,000 Btus.


         




         The size of propane gas furnace = 438.72 × 72 ÷ 0.75 = 45,117 Btus per hour. Say 42,000 Btus per hour.


         




         The predicted number of gallons of propane needed will be:





         Propane gas heat at 75 percent efficiency × 91,500 Btus per gallon = 68,625 Btus per gallon. Using for total purchased energy with thermo-shutters a figure of 26,030,000 Btus and the same formula as above, the results would be:


         




         For a home without thermo-shutters: 33,710,000 ÷ 68,625



         = 491 gallons


         


         For a home with Thermo-Shutters: 26,030,000 ÷ 68,625



         = 379 gallons





         How Much Will the House Cost to Heat?





         We have reached the moment of truth. As indicated in the calculation above, the predicted fuel usage of the Saltbox 38 example in Hartford, Connecticut, will be 379 gallons of propane per year, assuming the conscientious use of thermo-shutters. At today’s price of about $1.99 per gallon, that’s $754.21 per year. Without the use of thermo-shutters, the cost would be $977.09 per year.





         Fuel





         By investing in your winter’s supply of oil or gas in July or August, you can buy your fuel at the lowest price for the year. As the price of fuel rises through the heating season, your summer fuel investment will be saving you more money than if you had kept that money in the bank and purchased fuel at the higher winter price.





         Many readers of this book will want to heat their homes entirely with wood and sunlight. A well-designed home can be a multi-fuel home; that is, solar plus wood heat can do 100 percent of the job, or solar plus oil or gas can do 100 percent of the job. In actual practice most solar homes use combinations of the conventional backup heat and renewable energy. This flexibility makes the best use of what’s available, and gives us the ability to emphasize one type of backup heat or the other as local, regional, and world fuel markets fluctuate and/or our lifestyles change.





         Table 7–1 indicates the effect of modifying certain aspects of our standard solar design. As you see, making the walls or the roof thicker will produce insignificant savings. At $1.99 per gallon, the change in wall insulation amounted to savings of $99.50 per year and the roof change amounted to savings of $37.81 per year. The increased expense in labor and materials for framing more substantial walls and roof members, by contrast, is significant, and would not appear to be economically justified for the small savings produced.
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            Very often an efficient, highly insulated solar home will require only a very small backup furnace. Because small oil furnaces (less than 60,000 Btus per hour) present operational problems, instead you can use the hot water heater both to heat domestic water and to serve as the furnace. This diagram shows a fan coil combined with the water heater. The components for this system, which works well for houses requiring 40,000 Btus per hour or less, can be purchased separately or in a package such as that offered by Apollo Hydroheat System. The water heater used in this way should probably be oversized relative to the home’s hot water needs, and should be an oil- or gas-fired quick-recovery unit.



         



         Fresh Air





         In any case, all walls, windows, openings, and roofs should be tightly constructed and fresh air should be introduced into the home only by controlled means, as discussed in chapter 4. The calculation in Table 7–1 shows significant savings for reducing the fresh air supply. However, while it is expensive to heat fresh outside air, the benefits of saving fuel by this means are not worth the health risks of living without adequate fresh air.





         When any particular design change is considered, we must carefully weigh the incremental benefits versus additional costs and hazards that may result.





         Other Fuels: Propane and Electric





         The following efficiencies may be used to determine the size of a propane gas furnace or electric heater:


         




         1. A gallon of #2 fuel oil contains approximately 140,000 Btus, and typically an oil furnace will operate at 70 percent efficiency. Therefore, a gallon of oil will yield 0.70 × 140,000 Btus, or 98,000 Btus per gallon.





         Oil Furnace Size = 438.72 × 72 ÷ 0.70 = 45,125 Btus per hour


         




         Say, 45,000 Btus per hour net delivery (“at the bonnet”). The predicted number of gallons of oil needed will be 265.


         




         2. Electric heat at 100 percent efficiency yields 3,415 Btus per kilowatt-hour Using for total purchased energy with thermo-shutters the figure of 26,030,000 Btus and the same formula as above, the results would be:


         




         Size of electric heating system = 9.25 kilowatt-hours, with an annual consumption of 7,622 kilowatts


         




         Propane has a higher furnace efficiency, but contains fewer Btus than fuel oil, so on a per-Btu basis, propane is more expensive. Yet propane has other advantages: it burns cleaner, no masonry chimney is needed for the propane burner, and leaks cause less pollution. In some areas of the country, propane will be the more economical choice.





         As for electric heat, the calculations are more complex since the generating source of this heat is elsewhere. Saying that electricity is 100 percent efficient for the end-user is misleading. Electric power is 100 percent usable once it enters the home, but to calculate its true efficiency, one ought to consider generating and transmission losses, which can be quite significant.





         The calculation for the electric backup option determined that we would need 9.25 kilowatts per hour for the Saltbox 38 in Connecticut. If baseboard heaters are to be used, that will be the total amount of energy needed, because the heat is distributed among the rooms by the baseboard strip heaters. A second way to provide electric backup heat is to use an electric furnace, which includes an air mover similar to that of an oil or gas furnace.





         If the home is going to have a woodstove, the conventional backup heating system will no doubt be used less often. Oil and gas furnaces are like automobiles. The more they are used, the better they run. If a gas or oil furnace is not used for long periods of time, the risk of the unit not starting, failing while in operation, or causing other damage is increased. By contrast, an electric furnace can sit idle for an indefinite period of time and still start instantly when needed. An electric unit also requires no annual tune-up, there is no fuel tank to worry about, and the cost of a chimney is avoided.





         Heat Pumps





         A third way to utilize electricity as backup heat is to use an air-to-air heat pump. Heat pumps use the refrigeration cycle to produce heat. The next time you pass by your refrigerator, put your hand near the floor: you will feel a flow of warm air when the refrigerator is running. A refrigerator operates by compressing a refrigerant (in the form of a gas), and then allowing the gas to expand. This process of compression and expansion absorbs and releases heat. The heat you felt near the floor is the heat that was extracted from the contents inside the refrigerator. A refrigerator is an example of a heat pump.





         In a similar way, an air-to-air heat pump extracts heat from outside air and delivers the heat to the home. The air patterns in the home are similar to those in any other warm-air system; the advantage of a heat pump (over burning electricity in a coil) is indicated by a measure called “coefficient of performance” (COP). By using electricity to operate a heat pump, the amount of heat produced can be three times that of just burning up the same amount of the electricity in a coil or baseboard resistance heater. The coefficient of performance is dependent on the temperature of the outside air. In climates similar to Maryland or California, heat pumps perform very well. In cold climates such as Idaho or Vermont, they have little advantage.





         In warm areas where air conditioning is used, a heat pump has an additional advantage as it can be reversed for summer cooling.





         WOODSTOVES





         Sizing a backup woodstove is less straightforward than sizing an oil or gas furnace. Selecting the correct size woodstove depends not only on the efficiency of the particular stove, but also on the quality and species of the wood to be used. Burning unseasoned softwoods yields much lower heat in Btus, and can also cause safety problems.





         It is best to undersize a woodstove according to its manufacturer’s specified “capacity,” so that it will nearly always be burned hot. An oversized woodstove will overheat the living space, and it will therefore frequently be damped down by the house’s occupants and left to smolder. As stove and chimney temperatures drop, incomplete combustion will create a buildup of creosote in the stove, stove pipe, and chimney, which can lead to a chimney fire or other undesirable consequences. A chimney fire can actually destroy the chimney’s liner, necessitating a costly and time-consuming replacement, if the fire doesn’t burn the whole house down in the process.





         An undersized woodstove, conversely, will require a longer and hotter “burn” to heat the living space. The hotter stove will burn more efficiently, thereby minimizing creosote build up.





         The woodstove location must be carefully planned to conform to all safety requirements. Woodstoves take considerable floorspace to provide for necessary clearances, and the location cannot be an afterthought. Provisions for woodstoves have to be carefully incorporated into the original design and layout of the home.





         The chimney should be masonry, and located as close to the center of the building as possible. If alternative chimney materials are used, pay strict attention to the manufacturer’s installation instructions and abide by all applicable safety regulations.





         If thermo-shutters are used, the overall heat loss from the house at night will be reduced. In your calculations, credit should be taken for the use by averaging the heat loss with and without thermo-shutters. Again, for the model Saltbox 38 in Connecticut, the design temperature is 72 - 0 = 72 degrees Fahrenheit. The heat loss with thermo-shutters will be 380.17 Btus per hour per degree of difference between the inside and outside temperature, and without thermo-shutters is 438.72 Btus per hour per degree difference. (In order to average the heat loss with and without nighttime insulation, we’ll add the two figures together and divide them in half.) Therefore, assuming an airtight stove with 85 percent efficiency, the calculation for sizing a backup woodstove to complement the Solar Slab is as follows:


         




         Size of Woodstove = [1/2 × (438.71 Btus/hr • degree difference + 380.17



         Btus/hr • degree difference) × 72] ÷ 0.85



         = 34,682 Btus/hr


         




         Let’s call it 35,000 Btus per hour.





         The amount of heat generated per cord of dry, seasoned firewood varies by species. We can use an average figure of 17,000,000 Btus per cord of dry hardwood. Determine the species available to you locally, and look up its caloric value. The quantity of wood needed annually can be estimated by dividing the purchased energy per year by the amount of heat available in a cord of firewood (in this case—dry, seasoned hardwood). Calculate the amount of firewood needed per year for a home without thermo-shutters, as follows:


         




         33,730,000 Btus ÷ 17,000,000 Btus per cord = 2 cords


         




         Just to be safe, we will add another 1/2 cord, making the predicted total 2.5 cords. Next, let’s calculate the number of cords needed per year for a home with thermo-shutters:
         


         




         26,060,000 Btus ÷ 17,000,000 Btus per cord = 1.5 cords


         




         Once again add a margin for error of 1/2 cord, and the total is 2 cords.





         We often see people cutting and splitting firewood in the fall, “getting ready for winter.” The wood used for a given heating season should be a year or more old; that is, wood cut in one fall should be stacked to dry for a full calendar year before burning. To ensure that your wood is properly seasoned, split the logs, in lengths appropriate for your stove, and stack them under cover with adequate gaps for air circulation. If it isn’t possible for whatever reason to get a full year ahead in your reservoir of firewood, be sure that your wood is cut, split, and stacked no later than the end of April for the following winter. Remembering the solar principles emphasized throughout this book, it is also best to store firewood in a shed with an open southern exposure, to facilitate drying.





         There really is no substitute for the radiant heat derived from a wood-stove, but as any fireman can attest, woodstoves require great caution in planning and constant vigilance in operation. Study one of the many books solely devoted to woodburning.





         There once was a young woman in Vermont who got married and proudly invited her father to her new home, to show off the central oil-fired heating system with baseboard heaters, and with no woodstove anywhere to be seen. Her father entered the home on a cold winter’s evening and started to roam from room to room. The daughter asked him if anything was wrong.





         “No,” he said as he continued to wander around the living room.





         “Well, there must be something wrong. How come you keep wandering around?”





         The father looked at her with a puzzled look and asked, “Whar do ya go to git warm?”





         GEOTHERMAL HEAT





         Through the monitoring program discussed in chapter 1, a minimum of 45 degrees Fahrenheit was measured below the gravel layer underlying the concrete blocks of the Solar Slab (see the illustrations). Note that there is a 1-inch thick layer of Styrofoam insulation specified on top of the hardpan. This layer of insulation is placed there to prevent the possibility of a rapid loss of heat to the ground below the building, but it will allow a slow transfer of heat upward if conditions are suitable. These conditions will occur in an unoccupied and unheated home.





         If the temperature in the unoccupied home is allowed to drop to the 45 to 50 degree range, the thermostat marked “H” shown below the thermostat marked “C” will turn the blower on at 50 degrees and circulate air to extract ground or geothermal heat. Note that in this mode the normal “H” thermostat connected to the heat control is set at 45 degrees. It is important to purchase thermostats that read accurately down to 45 degrees in order for this mode to function properly.





         As the unoccupied home loses heat, the Solar Slab will first give up the heat in its concrete block and slab layers. These layers are the active part of the Solar Slab; that is, they routinely take on and give off heat. The layers below the concrete blocks are more passive, as they will be slower to rise or drop in temperature.





         A home that is unoccupied will first draw out the heat available in the active portion of the Solar Slab, and then will draw heat from the passive layers that underlie the concrete blocks. This underlying reservoir of heat is almost infinite. If the Solar Slab is not extracting heat fast enough from the lower levels, the circulating fan in the furnace will be turned on thermostatically, and the Solar Slab will act as a heat exchanger between the ground and the house. The cost of this heat extraction will be only the minor cost of running the furnace’s blower. The theoretical minimum temperature to which a home with a Solar Slab will drop is the ground temperature under the Solar Slab, a temperature that is exceedingly stable.





         USING THE SOLAR SLAB  
FOR SUMMER COOLING





         The natural solar and backup heating systems discussed in this book are all very helpful in controlling a home’s inside temperature. But an important function of air conditioning is the reduction of the moisture content of the air. Unfortunately, in warm and humid regions a mechanical and energy-intensive air conditioner is needed to do this job.





         In summer, air returning to the heat pump air mover will be pre-cooled by the Solar Slab. While monitoring the performance of the Solar Slab in summer, we observed a 12-degree drop in temperature as the air entered and exited the vents for the Solar Slab. Just as we noted with furnaces for winter, this assistance allows the air conditioner to be downsized smaller than standard practice would suppose. For instance, by informal monitoring in Maryland, we found that the best cooling was achieved by having a slightly “undersized” air conditioner running steadily instead of a larger unit cycling on and off.





         The cooling capacity of air conditioning equipment is measured in “tons of cooling.” In days gone by, the White House was cooled by filling a huge room in the basement with ice, and then passing the living-space air over the ice so that cooled air was recirculated by ducts into the building’s rooms. A ton of cooling is related to the cooling capacity of a ton of ice (12,000 Btus per hour). The term stuck. In our case, a credit of approximately 1/2 ton of cooling can be taken due to air returning through the Solar Slab.





         The total cooling load for a home is the sum of “sensible heat” and “latent heat.” Sensible heat is the heat that is gained by the same factors considered in a heat-loss calculation. Latent heat is the additional cooling load due to the necessity of reducing moisture in the air to be cooled. The calculation needed to properly size an air conditioner is complex and is not included in this book. That kind of precise evaluation is a job for a heating/ventilating engineer; however, a reasonable estimate of the proper size for a household air conditioner can be made by utilizing a rudimentary guideline.





         To estimate the basic cooling load for a home, multiply by three the actual or projected volume in cubic feet of the conditioned airspace in the building. The resulting number will approximate the cooling load in Btus per hour. In our Saltbox 38 example, the conditioned airspace is 14,492 cubic feet; the cooling load approximation is 14,492 × 3 = 43,476 Btus per hour. One ton of cooling equals 12,000 Btus per hour. Therefore, the home’s proper air conditioner size should be about 43,476 Btus per hour ÷ 12,000 Btus per hour (or one ton of cooling), which is 3.6 tons of cooling.
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         Layout for modified foyer for floor plan, showing the location of the furnace and hot water heater. This utility room will provide good sound isolation for the furnace while leaving the backup heat equipment accessible when necessary.





         Applying a Solar Slab cooling credit of about ½ ton, the unit size comes out to approximately 3 tons. So this sample home in Connecticut will probably need about 3 tons of cooling, or an air conditioner with a capacity of 3 × 12,000 Btus per hour, or 36,000 Btus per hour.





         The home’s cooling load will almost always dictate duct size, as more air movement is needed to satisfy the cooling load than the heat load. It also costs more to cool air than to heat air. In this example, three tons of cooling will require a movement of about 400 cubic feet of air per minute per ton, or 1,200 CFM. As you will recall, the sample home’s furnace air mover requirement was 900 CFM.





         HOW TO HOOK UP THE BACKUP  
FURNACE OR AIR CONDITIONER





         
The diagram shows how to install a backup gas-, oil-, or electric-fired furnace. The drawing is schematic relative to the actual locations in the building and the relative size of the equipment’s components. Most warm-air systems have one or two central returns and a distributed feed system via ducts and grilles located throughout the house. This diagram shows a distributed return system. The distributed return is accomplished by locating intake grilles along the north and south walls. These are the same grilles needed for the natural flow of the Solar Slab. Do not locate intake grilles in utility rooms, bathrooms, or any other room which has either excess moisture or undesirable odors that could be introduced to the air circulation system. When the furnace blower is turned on, air is returned via the grilles located along the north and south walls. The air movement will be very slow, because of the distribution and oversizing of the return-air grilles, and as a result the floor surface will be almost draft-free. Once the return-air enters the air passage in the Solar Slab on the north- or south-facing wall, it will flow into the open channels in a row of blocks, and eventually return to the furnace air mover via the return duct placed near the center of the house along the east-west axis of the Solar Slab. Three-inch by twelve-inch vents cut into the sides of the return duct will allow the air to enter into the duct and return to the air mover. When the furnace gun or heat element is operating, the returning air will arrive carrying residual heat from the Solar Slab and provide warmer return air than would be the case if the air was returned directly from the airspace to the furnace’s intake vents.
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         Heat control diagram used to show the relationship between the Solar Slab and oil, gas, or electric backup heat equipment. This drawing is schematic.





         Note in the diagram that the thermostat marked “C” is a cool thermostat, which will turn the furnace’s blower on if the home starts to overheat due to the accumulation of heat from the sun. In this situation, the furnace gun or heat element will remain off while only the blower runs to cycle air through the Solar Slab, in order to store the heat that actuated the cooling thermostat.





         In summer, heat that was stored during the day, which helped cool the home, is expelled at night by simply allowing the home to ventilate through open windows or by mechanically expelling stored heat by running the furnace blower from midnight to 4:00 AM—the coolest part of the 24-hour summer day. In the diagram, the timer marked “T” controls this function.





         The furnace is shown centered on top of the return duct for illustrative purposes only. It should be located outside the living space for noise abatement. One cost-saving idea is to locate an electric furnace inside the stair enclosure leading to the second floor, which allows for air distribution directly from this central location, thereby reducing or eliminating the feed-duct system. The disadvantage of this scheme is noise. In homes using a woodstove as the prime backup source of heat, this lower-cost siting of the furnace may be acceptable despite the proximity of a noisy blower to the living space, since the electric heat will be used very little or not at all. More likely, the backup furnace will be used while the occupants are away for extended periods, making the problem of noise from the blower inconsequential, since no one will be home to hear it.





         Again, the picture shows how the airlock foyer can be modified to locate the furnace and domestic hot water heater outside the living space. In this configuration, with properly designed ductwork, the operation of the warm-air system will be almost silent.





         Recirculate Warm Air from the Second Floor





         The last item to be discussed is the second-floor ceiling blower. In winter this small blower takes warm air that rises to the second-floor ceiling, and delivers it back to the first floor. In houses with wood-stoves, it is advantageous to locate the exit grille behind the woodstove to direct warm air away from the woodstove while it is operating.





         In summer, the second-floor fan enclosure can be vented to the outside as shown. The energy consumed by a small axial fan is a very reasonable expense for the winter heating and summer cooling assistance provided by this small blower.





         LET THE LAWS OF NATURE  
WORK FOR YOU





         Let’s review the design we have been discussing. Over 50 tons of effective thermal mass have been built into the home. This has been coupled with the correct amount of east, south, and west glass to collect solar heat. In addition, the home has been highly insulated in a manner which protects the occupants from undesirable side effects from poor air quality.





         Physics, or laws of nature, which have been built into the design will work on your behalf twenty-four hours per day for the life of the building. There is no predicted maintenance of the basic solar heating and cooling system. The various backup heat schemes and their associated equipment are merely refinements on this fundamentally natural solar design. None of the refinements, including the use of thermo-shutters, should be interpreted as necessary to permit the system to work as it will work naturally.





         Just as modern day automobile engineers have been able to increase horsepower and fuel mileage without increasing the size of the engine, backup heating and cooling equipment can “push” the natural system to make it perform better. All of the backup schemes described here make double use of the backup equipment; that is, this equipment will function as a supplementary heater or air conditioner, and in addition, the same equipment can be used to provide mechanical assistance to the natural solar collection and distribution system.





         Solar Principle # 7





         Consider the contribution of solar energy (indicated by insolation values for your region) and natural processes (including breezes and shade) to the heating and cooling of the home, in order to avoid oversizing a backup heating system or air conditioner. A home that is oriented to true south, is tightly constructed and well insulated, and has operable windows for air circulation should not require large fossil-fuel burning equipment to maintain thermal comfort.


     



         Size the conventional backup systems to suit the small, day-to-day heating and cooling needs of the home. Do not oversize backup oil or gas furnaces, as they are inefficient, cycling on and off, when not supplying heat at their full potential. Air conditioners are likewise expensive and wasteful when operated inefficiently.
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            A SIDEHILL VARIATION, 
AND SOLAR DESIGN 
WORKSHEETS
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            Humans discovered long ago that the world is not flat. So it goes with house sites. As the easy-access lots are sold off, we find ourselves gradually moving up hillsides to build our homes. Our example of how to utilize a hillside site will be a Green Mountain Homes Sidehill “C-32,” the floor plan.
            



         



         The design of the Solar Slab for the sidehill situation is illustrated. The most notable difference between the Solar Slab for a flat lot and the sidehill adaptation is the inclusion of the north side concrete wall in the home’s thermal mass.





         This is accomplished by placing three 1-inch layers of rigid insulation on the outside of the wall as shown in the diagram. Also note the extra 1-inch layer of Styrofoam under the flat portion of the Solar Slab (making a total of two 1-inch layers of rigid insulation in the sidehill slab). The north side’s usual 4-inch x 14-inch air vents have been extended upward to the first floor and the south air vents are placed along the south wall on the lower level.





         This sidehill design utilizes the lower level for living space. Remember that for the Solar Slab to be effective, it has to be in thermal contact with the living space. It is not cost-effective — nor thermally effective — to utilize the lower level for a basement/storage area.





         LET’S TRY SUNNY WYOMING 
FOR THE SIDEHILL SITE





         For the sake of discussion and calculation, we will locate our model C-32 Sidehill in Cheyenne, Wyoming, and analyze it using the method developed in chapter 6 and the worksheets included in this chapter and in appendix 1. I will show you how I would use these worksheets to do design calculations for the Wyoming house, and you can photocopy the blank worksheets in the appendix to use in your own planning process.
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         A floor plan for a sidehill version of the C-32 saltbox design. Construction against a sidehill permits use of the “bermed” back wall as part of the home’s thermal mass.
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         Another sidehill variation.





         Let’s fill in as much information as we can on Worksheet #1.





         You can start with lines 1 through 19.


         




         Line 2: Obtain from appendix 4.



         Line 3: Obtain from appendix 7.



         Lines 4, 5, 6, 7, 8, 9, 10, 14, 16, 17, and 18: Obtain from your own house drawings.



         Line 11: Obtain from the manufacturer’s literature for your proposed window and patio doors.



         For line 12: 0.88 is the Shade Coefficient for 1/2-inch dual-glazed glass. Enter the correct Shade Coefficient for your glass.



         Line 19: Obtain from appendix 4.


         




         Line 25 can now be entered on Worksheet 1A. The Standard Clearness Number is 1.00. Since Cheyenne’s elevation is 6,126 feet above sea level, and Cheyenne has a dry clear atmosphere, we can judgmentally increase the clearness factor by 10 percent. Therefore, our clearness number is 1.10.





         Using Worksheet 2, we will next calculate U-values.
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         The individual R-values called for can be obtained from appendix 3, except for the window insulation R-value. Obtain the R-value of your nighttime insulation device by using the manufacturer’s specs or, if you make your own device, calculate it by adding up R-values for the materials used to get a cumulative total (as shown in chapter 4). In the Wyoming model calculations, we’ll use the R-value for thermo-shutters.





         The wall and roof sections will be the preferred design described in chapter 4 (2 x 4s with rigid exterior insulation).





         In the north wall detail, we will assume that the exposed interior concrete on the lower level will be covered on the inside with 1-inch Styrofoam, with 1/2-inch drywall screwed to 1-inch strapping placed 16 inches on center across the Styrofoam insulation. A 6 mil vapor barrier should be placed behind the drywall, similar to the placement of the vapor barrier on the framed wall drawing.





         We can now fill in lines 13, 20, 21, and 22 on Worksheet #1.
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         We now have enough information to fill in Worksheet #3, House Heat Loss. Next, taking the information from Worksheet #3, fill in lines 23 and 24 on Worksheet #1.
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         Worksheet #4 will be next. Solar Heat Gain Factors shown in appendix 2 for north latitude 40 degrees are the closest to Cheyenne’s location at 41 degrees 1’ north latitude. You’ll see in the ASHRAE table that listings are 8 degrees apart in latitude. Cheyenne happens to be close to 40 degrees north latitude, but if you encounter a design situation which is halfway between the SHGFs given in the appendix 2 tables, you may interpolate between the two. That is, if a house is to be located at or near 44 degrees north latitude, then use the average of the half-day SHGFs given for 40 degrees and 48 degrees north latitude. Remember that the SHGFs are read up and down on these tables, as described in chapter 6.





         Moving on to Worksheet 5, we’ll calculate the monthly heat load for the C-32 Sidehill house.





         

            Using appendix 5, fill in the degree days for each month for your location, in our case Cheyenne. Then calculate the monthly loss due to the lower concrete living-space (heated) wall by multiplying the LCWL (From Worksheet 3) by 24 hours per day and then by the number of days per month.
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         To digress for a moment, let’s see what the loss across the lower concrete wall would be, if the wall were left uninsulated similar to the way many full basement cellar walls have been left. The R-value for an uninsulated 8-inch concrete wall is 0.60, as shown on Worksheet #2, section D.


         




         U = 1/R = 1.6667


         




         The loss for this 464 square feet of concrete wall then would be: square feet of concrete × U-value × difference between interior and exterior temperatures, or


         




         464 × 1.6667 × (65 - 45)* = 15,467 Btus/hour


         




         * From Worksheet #3


         




         The loss for the 464 square feet of insulated concrete wall in the Sidehill example would be 423 Btus per hour (see Worksheet #3), which means that an uninsulated wall would lose 36½ times more heat than an insulated wall. As you can see, badly designed full basements can be big losers of heat.





         This calculation also helps explain the benefit of earth berming. As our figures clearly demonstrate, the temperature difference across the lower concrete wall is a constant, due to the relatively warm (and stable) temperature of the earth. The earth’s temperature in this example was conservatively assumed to be 45 degrees.





         We are now ready to summarize our calculations on Worksheet #6.





         From the totals on Worksheet #6, we can see that this solar home in Wyoming will derive 67 percent of its heat free, from the sun.
         





         The next worksheet will show us how to size the conventional backup oil-fired furnace and woodstove, plus it will show the estimated annual fuel consumption, using the methods of analysis presented in chapter 7.





         For this example, oil was chosen to be the conventional backup fuel source. Note that the figure for heat loss without thermo-shutters was used to size the oil furnace. This approach is a little conservative, but experience has shown that to be reasonable. The possibility exists that window and/or patio door insulation devices may never get installed despite the best of initial intentions; or they might be removed, by the second owner of a home.
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         The woodstove calculation shows a method to undersize the choice of stove, as recommended in chapter 7. It is better to have an undersized woodstove burning hot rather than an oversized woodstove smoldering and creating creosote.





         So, now we can fill in lines 26, 27, 28, and 29 on Worksheet #1, as shown in Worksheet #1D.





         Congratulations, you have reached the last worksheet! It is time to put your solar home in thermal balance by sizing the Solar Slab to absorb the excess free solar energy available while keeping the home within comfortable temperatures during peak solar-collection times.
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         Worksheet #8 follows the same procedure described in chapter 6. The figure for House Heat Loss with thermo-shutters was used as a way to compensate for the fact that the home’s windows during the 10 hours described were collectors of energy, not losers of energy. Further, the heat loss through a wall is directly proportional to the difference in temperature between the inside and the outside of the wall. During that 10-hour collection period, the sun was warming the exterior of the wall, thereby stopping the flow of heat outward. For this reason, a house will always benefit from having the most wall area on the south side, even if there are no windows!





         Note also that the lower concrete wall is not included in the thermal mass calculation because it will not respond to daily temperature differences in the same manner as the horizontal Solar Slab. Its benefit, however, can easily be seen by the overall reduction in heating load, since the amount of heat lost through the lower living-space wall into the earth is so small.





         You made it. Enter 6.5 inches for line 30 on Worksheet #1.





         The C-32 Sidehill in my example is theoretically located in sunny Cheyenne, Wyoming. As a comparison, let’s relocate the Sidehill design to Ann Arbor, Michigan. Making the same kind of solar analysis for a sidehill house in Michigan, the calculations show it to be 40 percent solar heated with a predicted oil usage of 431 gallons per year, whereas the same design in Cheyenne yielded 67 percent solar with a predicted need for 249 gallons of oil per year.





         Needless to say, Ann Arbor, Michigan, and Hartford, Connecticut are not the usual places one would pick to illustrate the efficacy of solar design. Western states with high elevations, clear skies, and high percent sunshine are more apt to be used for solar home design examples. And yet many people desiring solar homes live elsewhere.
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         All too frequently we hear someone say, “Solar won’t work here.” How can solar energy not work? We all live in solar locations; although in some locales, as gardeners know, more sunlight is available for greater portions of the year. Does that mean that because your site is not the perfect solar location that you shouldn’t take advantage of the sun’s capacities for heating and cooling? The basic premises for a good solar home are simply the premises of good home design:


         




         1. Make the most of what’s available to you in terms of both your environment and the materials that you are planning to use in your home construction.



         2. Let the tendencies of nature work for you and not against you.



         3. Work toward the goal of keeping the conventional furnace and air conditioner switched off by using alternative backup fuels and free solar heat.


         




         A 2,085-square-foot home burning 431 gallons of oil per year in Ann Arbor, Michigan, doesn’t sound as good as the same kind of home burning 249 gallons of oil per year in Cheyenne, Wyoming, which is a colder place. And yet, if you live in Michigan, then you did the best you could with the solar energy available to you. That 431 gallons of oil a year bought in the summer as an advance, one-time purchase at $1.99 a gallon will mean only about $857.69 per year or about $71.50 per month for heating; plus your solar home is bright and cheerful.


         




         Solar Principle # 8


   



         Provide fresh air to the home without compromising thermal integrity.


  



         To maintain a high level of indoor air quality, a well-insulated and tightly constructed home needs a continual supply of fresh air equivalent to replacing no less than 2/3 of the building’s total volume of air every hour. This exchange of air should occur through intended openings, for instance an exterior-wall fan in both the kitchen and bathroom, rather than through leakage around poorly sealed doors and windows.



[image: 1114115960]
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         Sidehill modification of the basic plan, showing a detail of the north wall footings, drainage, and connection to the Solar Slab.





         Too often people wishing to heat with alternative fuels spend spring, summer, and fall getting ready for winter. Remember, cutting and stacking two cords of wood is a lot easier than cutting and stacking eight. And in addition to reducing your annual heating load, a highly insulated home with proper vapor barriers and stained natural sidings will minimize the need for periodic summertime exterior painting, staining, and weatherstripping. Furthermore, when it snows, a properly designed roof will not cause ice jams and water dams.





         A natural solar home when properly designed, sited, and built will make life a lot easier by working for you, day in and day out, instead of requiring you to be constantly working for it.
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         SUNSPACES AND 
SPECIAL DESIGN 
CONSIDERATIONS
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            It is easier to understand a concept if one can point to an example and say, “Aha, that’s what makes it work.” Sunspaces and greenhouses satisfy conventional expectations about solar design in that they reach high daytime temperatures, and anyone can understand why. Just as a car left with its windows closed in a hot summer parking lot will become an oven, so the sunspace will build up high temperatures, which will allow a positive transfer of heat from areas that are warm to areas that are cooler, for instance from the 90-degree sunspace to 70-degree interior of the house. Sunspaces are overglazed on purpose, and designed to overheat.
            



         



         It might seem that a sunspace that is gathering enough heat to become 90 degrees Fahrenheit on a cold, 15-degree but sunny winter day would be beneficial to the home. And yes, it can be beneficial. However, the same overglazed sunspace that accumulated all that heat during the cold but sunny day will need lots of added heat when the sun goes down to prevent it from freezing, which means that the sunspace or greenhouse will tend to draw heat from the rest of the house as heat flows back out through the glazing.





         It is not uncommon for a sunspace to soar in temperature to 90-plus degrees during the day, and then “struggle” to maintain 32 degrees at night. The large nighttime loss is due, of course, to the overglazing. As you will remember from our calculations in chapter 6, even the most energy-retentive thermal-pane glass has only a fraction of the insulation capacity or R-value of unglazed wall.





         THE COST OF “ADD-ON” SOLAR





         In order to analyze any benefits that may come from a feature such as a sunspace, one has to calculate the daytime heat gains and factor these against nighttime losses. For the sunspace to be a net benefit, you will also need to provide for an effective means of transferring the solar heat from the sunspace into the house.





         In making these sunspace heat gain and loss calculations, one must also remember that the sunspace is taking up wall space on the south-facing elevation. Ideally, it will be located in front of a patio door that can be closed at night. This will isolate the sunspace thermally from the primary living space. And we have seen in our previous design examples that a patio door is already an effective solar collector. Adding a sunspace in front of a south-facing patio door amounts to putting a solar collector in front of a solar collector. And yet a sunspace placed in front of a patio door will shade the living space making the room darker than it would be without the sunspace.





         Tilted Glass—A Liability





         Most readers will be able to picture the typical sunspace or greenhouse design, in which south-facing is tilted so that the angle of winter sun is more perpendicular to the panes of glass. Tilted glass is a more effective solar collector than vertical glass. In February at 48 degrees north latitude, tilted glass will be approximately 20 to 30 percent more effective than vertical glass. However, in summer, tilted glass will continue to be more perpendicular to the sun’s rays than vertical glass, and will continue to take in heat. The common problem of summertime overheating in sunspaces may be easier to explain than solve.





         Because of gravity, providing window insulation for tilted glass is a more complicated problem than providing the same kind of covering for vertical glass. Special rails or attachments will be needed to hold the window insulation snugly against the sloping glass. In addition, on tilted glass nighttime condensation will drip on to window coverings, causing stains and possible degradation of the insulating material.





         Through our monitoring process of a prototype home with a sunspace in Royalton, Vermont, we found that there was no discernible difference in overall thermal performance of the home with or without the added sunspace. The sunspace, however, did not take heat from the home or was thermally neutral. That is, any daytime heat derived from the sunspace was “paid” back at night to maintain minimum temperatures.
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         A basic sunspace design. Note the solar slab in the structure’s base. Provide for adequate venting, and consider isolating the added-on sunspace thermally from the rest of the house to prevent the sunspace glazing from drawing the home’s heat out on cold winter nights.





         The figure above shows a representative four-panel sunspace. Assuming that the east and west elevations of the sunspace have 40 square feet of glass per side, this sunspace has the following specifications:
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         The net performance of a sunspace can be improved by thermally isolating it. For example, by placing the sunspace outside of a sliding glass door and closing this door at night and on sunless days, you can minimize the amount of heat that the home needs to “pay back” during times when the sunspace is not collecting solar heat. You will also need to provide supplementary heat to the interior of the sunspace to maintain minimum temperatures at night and on overcast days.
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         Remember that about two-thirds of the fuel needed for a solar home will be consumed in December, January, and February. As you can see from Table 9-1, a sunspace located in Burlington, Vermont, needed additional heat in those months, so it added an energy burden to the house at the time of year when energy loads and expenses are already greatest. In Hartford, Connecticut, a comparable sunspace was close to breaking even in terms of costs and benefits, even in those three months. For the sunspace to yield a significant improvement in the performance of a solar home, it has to contribute positively in those three winter months. The house really doesn’t need a boost of solar heat in September, October, November, March,April, or May since during these transitional months, the solar home probably needs no purchased energy at all, or very little purchased energy. And, as indicated above, in summer months the sunspace may be more likely to be a cooling burden that a heating benefit. A sunspace’s performance can be improved if a Solar Slab is used for is base and thermal mass. A small duct fan actuated by a thermostat at 50 degrees will in most cases transfer enough heat back into the sunspace to prevent it from freezing, provided that the sunspace and the Solar Slab are properly sized and constructed.





         Special Difficulties in Sunspace Construction





         Whenever glass is placed at an angle, the thermal stresses and temperature variations are substantially increased, and the force of gravity is effectively pulling the glazing panes or panels downward, making it difficult to keep seals from leaking. Only quality rooftop windows and rooftop fixed glass made for tilted use should be used. Because of the expense of commercial glazing units and ancillary products, many attempts to reduce costs have been made by do-it-yourself builders who re-use glass panels out of patio doors and set them in wooded frames to reduce costs.





         Most warranties from window manufacturers are voided when glass that has been designed and manufactured to be placed vertically is placed an angle. Glass expands at approximately the same rate as aluminum. Attempts to set tilted glass in wooden frames with wooden mull caps most likely will fail, because the glass and wood have incompatible coefficients of expansion. The glass will expand more rapidly than a wooden mull cap; the sealant used between the glass and the mull cap will crack, which will result in a water leak. In addition, in tilted glass the manufacturer’s seal between the two panes of glass is also subjected to extraordinary thermal and gravitational stresses, and is likewise prone to leak. Have you ever driven by a homemade sunspace and noticed that the glass is fogged up? That is due the failure of the factory seal between the dual-panes. Commercially manufactured rooftop units are specifically designed and tested for tilted use, are warranted against water leakage and seal failure, and are made out of tempered safety glass. Glass placed at an angle should always be tempered safety glass to prevent possible injury.





         It’s Not All Bad News—Sunspaces are Fun





         Does this mean that homeowners should never add a sunspace or greenhouse? No, not at all. Sunspaces are fun to have; they provide a place to grow flowers year-round and to start spring seedlings. They provide a place to simply luxuriate in 90-degree heat when the outside temperature is in the teens on sunny winter afternoons. They provide an uplift to the spirit, when plants are bathed in sunlight and blooming in the dead of winter. And sunspaces present no special heating or cooling challenges in most regions in the relatively mild months of spring and autumn.
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         Sunspace interior.





         If you understand the possible benefits, and are willing to address the challenges, a sunspace may be “just what the doctor ordered.” But if you believe that adding a sunspace is going to pay for itself by heating your house, you may want to reconsider.





         Finally, another popular use for sunspaces is as retrofits on older homes. After hearing me out all through an explanation of the costs and difficulties like the explanation above, a prospective sunspace buyer responded, “I understand completely what you have said, but my husband and I own an ancient “Four-square” home that is hopelessly inefficient. We have no hope of ever being able to afford a new home, and all I want is to have is at least one place in my home that’s warm when the sun is out.” Pretty hard to say no to that.





         IDEAL VERSUS 
ACTUAL CIRCUMSTANCES





         So far we have presumed the existence of ideal conditions under which to build a solar home. We have described a naturally heated and cooled home that takes full advantage of what is available to us, from the vantage point of both macro- and micro-environments.





         Approach your home building project in this manner. Try to utilize all of the elements that are there to work with, in the best possible ways, and build the most environmentally sensitive home possible for a given location and set of circumstances. Try to think positively about each aspect of your site, your design, and your energy options. Remember that the sun is everywhere, and with careful planning you can build a home that harmonizes with solar energy.





         But let’s go over a few examples that demonstrate less than ideal situations. Suppose the garage or other structure has to be placed in such a way that it will obscure all the east-facing glass. The practical remedy is to rotate the home counter-clockwise so that the south-facing glass is about 15 to 20 degrees off of true south, with the south elevation now facing south-southeast. This will allow your south-facing glass to begin to collect energy earlier in the day. Conversely, if your west- facing glass for some reason will be obstructed, you can rotate the home 15 to 20 degrees clockwise to allow the south-facing glass to collect compensative heat from the afternoon’s westerly sun.





         If you live in a region where it frequently may be necessary to use air conditioning for summer cooling, you can reduce morning and afternoon solar gain by shading the east- and west-facing glass with plantings of deciduous trees, and use of Thermo-Shutters or other window insulation. You can also consider reducing the amount of east- and west-facing glass. The calculations in chapter 5 will permit you to evaluate during your design process the benefits of adding or removing these windows.





         Orientation—the Key to Solar Design





         Probably the biggest “no, no” is to buy north-facing land or sites located in deep, sunless valleys or canyons. Homesites with primarily northern exposures just don’t get “bathed” by the sun. One of my former clients bought a lot in Maine, with a view of the ocean, and it wasn’t until the builder visited the site with a compass that the man discovered that what he had imagined was a south view of the ocean was a north view. By this time the man was too far committed not to build his retirement home in that site. Given this challenge, we selected a saltbox design, and placed an array of roof windows in the long slope of the side that is normally the unglazed north roof, which in this situation was faced south. The high side of the saltbox that normally faces south was actually facing north, giving the residents full benefit of the ocean view. The amount of glass on what was now the north elevation was drastically reduced from the design specifications, and fitted with Thermo-Shutters. The home performed reasonably well, though the situation was far from ideal. Our solution was the best that could be managed with existing circumstances, and truth be told, these homeowners would not have ended up better off with a conventional instead of a solar home in that same situation.





         The real moral of this story is to always take a compass with you when you are looking at house sites. There really is no substitute for a site with a good southern exposure.





         OTHER WAYS TO USE ENERGY WISELY





         Up to now we have mainly talked about storing the sun’s free heat in the Solar Slab. Certain kinds of commercial or manufacturing processes generate excess “purchased” energy during the day, which if not vented outside will overheat the building. Why not store this excess purchased energy for nighttime use after the workday is over? For instance, consider the examples of an office building filled with heat- producing electronic equipment such as computers, or a dormitory building that is required by code to produce surplus hot water, or a library that has lighting requirements that result in excess lamp-generated heat. Why not circulate such waste or byproduct heat to other parts of the building, and/or store excess heat? A Solar Slab allows the storage of so-called waste heat for later use. The challenge of solar design is to consider every aspect of the planned building’s energy situation over the lifetime of the structure.





         Sometimes energy goals requirements appear to conflict. A library, for example, needs to provide a high degree of quality lighting to meet standards; but these lights give off excess heat. By circulating the air that has been warmed with already purchased electric-light energy through the Solar Slab, heat can be stored for later use rather than vented to the outside.





         Solar Principle # 9





         Use the materials you would use for a conventional home, but in ways that maximize energy efficiency and solar gain.





         With exactly the same construction materials, it is possible to build an energy-efficient, sunny, and easy-to-maintain solar home or a energy-gluttonous, dark, and costly-to-maintain house. When designing a solar home, rearrange and reallocate materials to serve dual functions - adding solar benefits as well as addressing architectural or aesthetic goals. Placing a majority of the home’s windows on the south side is an example. The carefully designed and constructed solar home need not cost any more to build than a comparably sized non-solar conventional home.
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         Wind power is another form of solar energy. Here is an old-time wind-powered water pump. New technologies allow people to use these age-old sources of energy. As with contemporary photovoltaics, which convert sunlight into storable and useable electricity, today’s micro-sized wind turbines are very practical and affordable for home-scale use.





         Another example. A college dormitory has a high hot-water requirement for showering. In order to meet the demand, a large amount of hot-water capacity is needed; however, showering usually takes place for a short period of time in the morning or evening, while the rest of the time hot water is stored in water-heater tanks and kept up to temperature with periodic applications of electric or fossil-fuel energy. A solution to this problem is to use water-to-air heat exchangers for space heating, utilizing the domestic hot water for more than one “end-use,” thereby eliminating the need for a separate furnace. It is also entirely practical, and very cost-effective, to use solar thermal techniques for heating or at least preheating water with sunshine, which in some regions can reduce conventional water-heating expenses dramatically.





         Examine all available heat sources, and maximize your provisions for benefiting from the specific conditions of your site. Rearrange the materials already committed to the building project in order to efficiently collect and store heat. Whether building a solar home or an office capable of storing excess purchased energy, we should use every technique available to reduce our use of finite and expensive fuels.





         Solar Electricity





         From 1980 to 2003 the cost of solar electricity has dropped from $1.00 to $0.21 per kilowatt-hour. Hopefully this lowering of costs will continue, make the production of electricity from the sun’s energy a practical alternative for generating electricity.





         The use of solar electricity, or photovoltaics, requires special knowledge and experience beyond the scope of this book. Charlie Woodward of Victor, Idaho, contributed the following. Charlie is a designer and installer of PV systems and has lived off the grid for over 25 years. He writes:


         




         Utility intertie photovoltaic (solar electric) power systems are now readily available and very efficient. They allow almost any homeowners to sell power back to their utility, or reduce their power bill. They typically do not include battery storage to provide power during outages, but with more sophisticated equipment they can be configured that way. The economic picture for these systems is highly dependent on your local utility’s net metering policy and buy-back rates. In progressive areas, they may be economically attractive.





         In most parts of the United States, the present cost of having a power company provide electricity to a remote homesite is in excess of $24,000.00 per mile of added powerline. A viable alternative is to live “off the grid,” producing your own electricity with solar photovoltaic modules. Early solar-electric systems used 12-volt technology developed for recreational vehicles and boats. This required major lifestyle adjustments, as all the electrical equipment in the home had to be specially designed to run on 12-volt power.





         Recent advances in computer controlled, sine-wave inverters, which can be stacked to produce large amounts of AC power at 120 or 240 volts, coupled with microprocessor operated monitoring and control systems, have now made the off-grid home a very viable alternative. With the use of a properly sized inverter, direct current generated by sun-tracking solar electric modules is converted to ordinary alternating current, allowing the use of energy-efficient electrical appliances.





         It is now entirely practical to live comfortably off the grid by producing solar electricity for storage in batteries, and by utilizing solar space heating, a domestic solar hot-water system, propane gas for refrigeration and cooking, and backing up the whole arrangement with a propane- or gasoline-powered generator. And with the right wind conditions and access to a year-round stream, an ideal site would even permit residents to harvest wind energy and hydroelectricity with the new micro-turbines, which are perfectly sized for household needs.





         While this book has concentrated on the challenges and opportunities of solar home heating and cooling, I hope the examples given here will help readers view the prospect of building energy-efficient and environmentally sensitive buildings with a greater sense of possibility and determination.
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         INTERIOR DESIGN FOR 
YEAR-ROUND COMFORT
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         By Cornelia C. Kachadorian



    

   



         

            There are a number of special factors to consider when thinking about interior design for a solar home, yet many of these considerations could really apply to all types of homes.
            



         



         The primary challenge with a solar home is the deliberate access given to sun, with greater exposure of interiors to its component radiation. Ultraviolet rays are principally responsible for fading fabrics and other materials, while infrared rays heat up surfaces they strike. The visible spectrum ranges between the ultraviolet and infrared. One can find UV-reflecting glass on the market today, which helps reduce damage, but this glass does not block all the effects of ultraviolet. Infrared rays heat whatever they touch, making exposed portions of furniture hotter than their shaded areas.





         On the other hand, natural light in the visible spectrum presents a lighting medium of great potential.





         USE SUNLIGHT 
AS A DECORATIVE ELEMENT





         As emphasized throughout this book, solar home windows are oriented toward the east, south, and west, with a minimum of windows on the northern exposure. The characteristics of sunshine change throughout the day and the year, varying in intensity, color, and angle. Window light combined with well-chosen and well-placed supplemental lighting can provide exquisite results with minimal costs.





         Because of its more horizonal angle, winter sunlight penetrates significantly deeper into the home but for a shorter duration than summer light. Winter light is whiter than summer light due to atmospheric quality, clarity, the absence of foliage colors, and reflection off snow. Winter shadows are blue.





         By contrast, high-angled summer sun reaches minimally beyond the windowsills, resulting in dark summer interiors. For this reason, “summer houses” are traditionally decorated in light colors, luring the light inward. Light-colored surfaces in rooms on the sunny side of the house will bounce sunlight into the back of rooms. Dark furnishings will stop this flow of light, absorbing it and effectively punching a hole in the sunlight. The colors of summer foliage plus the increased moisture in the air bring varied tonal complexities to summertime sunlight.





         Spring and fall have their own particular kind of radiance, with intermediate solar intensity and penetration into the rooms. These two seasons particularly lend their color to interior brilliance.





         DECORATING WITH THE SUN:
 WHERE TO BEGIN





         Maximize your decorating dollars by choosing sun-resistant, light-neutral colors for expensive features. For example, make sure that expensive rugs, upholstery, and wall coverings are warrantied to resist fading. Certain fabrics and rugs are actually designed to mellow handsomely with time and exposure. Less expensive items, such as pillows, throw rugs, curtains, vases, and plants, can be changed with the season.





         When looking for large-ticket decorating elements, get written details from the manufacturer on fabric and material stability. Olefin rug and upholstery fabrics, for instance, are stain-resistant and hold dyes well; however, they lose structural integrity with ultraviolet exposure. An olefin rug may continue to look the same color from a distance yet may have lost its pile into thin air after only a year’s exposure. Certain traditional natural fibers, including wool and cotton, have been shown to withstand solar exposure very well. However, it is important to check with each manufacturer on dye processes. Silk often disintegrates with exposure. Cotton and linen may yellow unless treated.





         Many furnishings, particularly dark-toned fabrics, are subject to uneven heating as the sun hits one side while the remainder is in shadow. Differential heating expands the fibers on the warm side, while the cool side remains normal. Glues and finishes are subjected to greater stresses, and wood dries out, shrinking as its moisture departs. Maintain wood pieces with a quality furniture oil. Check the joints and re-glue them when they become loose, as this will prevent breakage.





         The character of reflected light is dependent upon surface texture. Shiny, highly polished surfaces such as glass, high-gloss paint, and bright urethanes reflect a high percentage of incident light (the angle of reflection of course equals the angle of incidence). These are hard-light reflections, carrying a lot of zap, and can be used for special effects.





         Consider your choice of exterior surroundings such as decks, lawn furniture, flora, and ponds as part of the color scheme of the adjacent interiors. Light reflected off exterior colors and surfaces will tint the home’s interior spaces.





         WINDOW DECOR





         Solar home windows are calculated to function as more than merely panes of glass. They are utilized as solar collectors, collecting light and heat to minimize the home’s reliance upon conventional sources of backup fuel.





         Windows of traditional homes are mainly decorative, and are often partially covered with curtains, draperies, or blinds. Functional solar-home windows require different treatment. Because these windows’ surface area has been calculated into the total home energy dynamic, they must be viewed as heating and lighting “generators,” which carry energy both inward and outward.





         Thermo-Shutters (see chapter 4) are insulated, inward-folding shutters designed to block heat loss at night, or excessive daytime heat gain. These can be used as attractive decorative surfaces, adding angular interest to the window-area design. Whether formal or casual, Thermo-Shutter treatment will set the stage for further room decor. They can be curtained, mirrored, muraled, bulletin-boarded, wallpapered, painted, stained, or mounted with rugs for studio soundproofing.





         Mounting draperies on the Thermo-Shutters will dampen interior-based sound, as would drapes placed across a window. The ThermoShutters’ wooden construction makes the need for heavy linings unnecessary, saving drapery construction costs.
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         At times of intense sun, Thermo-Shutters can be partially closed to screen the sunlight, effectively bouncing heat and light outside while allowing cool breezes to enter. To compensate for this additional shading, lightweight, semi-transparent curtains mounted on the Thermo-Shutters will capture the light, diffusing it throughout the room. Hard-edged window openings cast strong shadows and crisp light. Translucent, fluffly curtains mounted on the Thermo-Shutters will diffuse harsh light, softening the glare. Remember that all home interiors appear darker in the summer than in the winter due to the high angle of summer sun.





         Adjustable “Venetian” blinds present interesting possibilities. Blinds cut down on the percentage of solar heating provided, but can be very pleasant modulators when the sun is too harsh. They come in traditional horizontal slats, in very narrow vertical slats that reach from floor to ceiling, and in all sorts of other varieties. New tiny-slatted vertical blinds add a formal architectural dimension to light management. They are available in many materials, with numerous colors and textures to choose from. Blinds are built to alter the reflective angle, to bounce light away from areas where it is unwelcome, toward the outside or toward a part of the room where accents of light can be useful. Their slats are easily adjustable, and the flexibility they provide can be quite attractive for someone who enjoys fine-tuning the ambient light.





         SUPPLEMENTAL LIGHTING





         Fewer sources of purchased lighting are needed in a home that utilizes sunlight effectively. The daytime use of living spaces should be planned to be in phase with solar incidence. Nighttime lighting will be relatively economical if the effects of light in various contexts has been considered and light-colored materials have been used as backgrounds.





         Think of light as an architectural and a sculptural medium. Judicious lighting creates a stage set that will highlight special areas of activity. Work centers will appear as focal points, bright and inviting when juxtaposed with a more subdued hallway. Light expresses and concentrates function: with the right lighting, a reading niche becomes a work of art; the well-lit center of the dining room table works well and is inviting. Space will appear to ebb and flow through the “movement” of light. In fact, the relationships of the home’s various spaces can be persuasively determined by patterns of lighting. Pools of light serve as paths to guide the eye and the feet.





         Project areas need a wash of bright, non-glaring light. Surrounding walls painted light matte colors will carry a soft, bright glow. This softer brightness will help to prevent distracting shadows. High-gloss paint has stronger contrast between light and shadow.
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         In some situations, the comfortable “warm” glow of incandescent lighting is hard to beat. On the other hand, in an energyconsicous household you may choose fluorescent lamps for their vastly superior energy-efficiency and longevity. Fluorescent light was originally designed for indirect lighting of large spaces. Used directly, it can sometimes be hard on the eyes. Contemporary fluorescents are now available in full-spectrum band waves as well as several other “colors” that are less objectionable than the lurid or chilly originals. Be aware that fluorescent light can fade fabrics over time if it shines directly on them.





         Recessed lights have both artistic and practical potential. The recesses are not difficult to incorporate if this is done while framing the house. It is worthwhile to spend time during the planning stage of your home design to consider all locations where you might want the option of recessed lighting. It is better to build in too many than too few.





         Track lighting, originally designed for theaters, uses moveable and removeable fixtures that are available in a wide variety of commercial designs. These can be swiveled, switched around, and reoriented for different effects. The mounting strips into which the fixtures plug are installed on ceilings or walls. Because they are so versatile, they can bring light to the most challenging locations. The track-to-fixture connection is often proprietary to individual manufacturers, so when selecting track lighting, be sure to pick a manufacturer that seems likely to be around for a while. There’s a better chance that they will still be around if you choose to add or replace fixtures in the future.





         Lighting placed above beams or shelves and directed toward the ceiling can dramatically enhance a room. Incandescent light reflected off the golden tones of wooden beams gives an atmosphere quite different from that of fluorescent light bounced off a white ceiling. Light aimed upward toward a light-colored surface makes a room appear larger. A white ceiling seems to float at a distance, while a darker one appears lower.





         Long, dark, northern winters can be made more pleasant with full-spectrum electric lighting, which unlike conventional lamps puts out a more complete range of bands in light, simulating the richness of daylight. As psychologists have published their research on light-deficit disorders, the market has begun to respond, and several choices of full-spectrum are now available (“Ott lights” were the originals). Full-spectrum lighting might well be worth the investment for both home and workplace. The psychological lift these lights provide could result in increased productivity, health, and feelings of happiness. Full-spectrum lights have been shown to help beat “cabin fever,” a problem dignified by the term “seasonal affective disorder,” or SAD.





         Linear accent lighting is available in the form of tiny strands of “mini” lightbulbs encased in flexible clear tubing. These use very little wattage, yet the filaments are so tiny that the incandescence is very white. Some people use tiny white Christmas lights all year as accents. It might be fun to look into the possibilities LED lights present.
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         If you are not familiar with the full diversity of options now available in lighting (and there are an amazing number of products to choose from), you might decide to hire a lighting designer during the planning stages of your house design. An expert can help you sort through your ideas and preferences, and will introduce you to new products that are constantly coming onto the market.





         FABRICS, RUGS, AND 
WALLCOVERINGS





         Fabrics, rugs, and wallcoverings that reflect ultraviolet best are least likely to be harmed by it.





         Ultraviolet rays and direct fluorescent lighting will fade many fabric dyes and paints while darkening varnish. Color-resistance to ultraviolet is dependent on the chemistry and technique of the dyeing process. One wallpaper manufacturer’s representative expressed the color stability problem this way: “You’re safer staying away from oranges, greens, and purples. And anyone knows enough to stay away from reds, yellows, and blues, of course.” However, a number of fade-resistant dyes and dye/fabric combinations have been found to be remarkably stable. When examining written warranties, be sure to look specifically for guarantees of stability with exposure to sunlight.
         





         Just as with paint, natural or earth-toned and light fabric and wallpaper tints have less pigment to fade, and thus show the fading process far less than do more color-saturated hues. Certain strong colors that usually fade quickly have proven more durable when used with special dyeing techniques in such tested materials as Dupont’s Antron III. It is a good idea to look for warranties from the company that actually manufactures and dyes the fabrics or other materials, and not just to go by the type of material used. For instance, many companies use Dupont fabrics, but not all use the same dyeing and fabrication methods. Make sure the manufacturer stands behind its products with a warrantee.





         Floor Coverings





         The Solar Slab described in this book may be covered with any type of floor covering. Technically, a slab that is painted black would absorb the most heat; but the negligible improvement in performance certainly does not justify living on a concrete surface painted black. Most homes use a thick pad and carpet. Other homes have used wood parquet. Wide wooden boards may be used by gun-nailing two layers of 1 x 3-inch strapping onto the slab surface, and then attaching the boards by screwing into the strapping. The screws can then be hidden with ship’s “bungs” or wood plugs. The result is a very attractive wide-board floor that has resiliency due to the spacing of the strapping.





         A rug can set the theme and color scheme for a room, and should be chosen with care. Rugs constructed of top-quality wools, including fine orientals and fine American Indian rugs, constantly undergo a process of modification, softening, blending colors. It has been said that these rugs are artworks in process. Wools from mountain regions are known to be most durable, while those from the plains are softer and structurally weaker. Pile weight of wool rugs determines not only ruggedness but also the rug’s insulating properties. Use good padding as underlayment, rotate rugs to equalize exposure to light and traffic, and vacuum frequently to increase longevity.





         For wall-to-wall applications commercially available carpeting can make an effective covering for the Solar Slab described in this book. Strong colors can be disappointing as they tend to fade. Light colors bring the incident light to all corners of the room, making spaces seem larger.





         Look for brand names that are recommended for areas of hard wear. There are more product names than products, so it is important to find the generic base. Be sure to check the warranties for ultraviolet resistance as well as fade resistance and structural integrity.





         Fine quality wall-to-wall commercial wool carpeting is usually more expensive, but is also more sumptuous and is more resistant to ultraviolet structural degradation. It is offered in piles, sculptured rugs, and Berbers. When made of natural-colored wool it is highly resistant to fading. The tactile warmth and long life of wool, as well as its soundproofing capacity and wearability, are hard to surpass.





         The following is a partial listing of particular rug types, with comments:


         




         Tunisian Mergoumes: Thin, but very durable rugs, these are unobtrusive, thus they go with almost anything.
         


         




         Moroccans: From the Atlas Mountains, Moroccans are made of very good wool, thick-tufted with a high pile. They are generally custom designed.
         


         




         Kilims: Thin, but durable, Kilims are available in a wide variety of colors and patterns.
         


         




         Spanish: In colors that are rich without being harsh, often striated throughout pattern for pleasant toning with age, Spanish rugs tend to be made of good wool, and are available in a variety of sizes and patterns.
         


         




         Orientals: In selecting a Persian rug for a sunny location, consider the softening of color values that will probably enhance the tonal quality with age. (Traditional orientals have been washed and dried in the strong near-eastern sun as part of their curing process.)
         


         




         American Indian: Native Americans make woven, non-pile rugs in a wide range of density and patterns. Natural wool colors and natural dyes, though often preferred, are not always more stable than synthetic dyes. Be careful not to confuse these with Mexican or other imports, which are usually substantially inferior in quality.
         


         




         Others: Thick cut Chinese, Indian, Pakistani, and Bulgarian rugs are usually acid-washed, and therefore weakened, but with careful selection, some can be quite good. Be sure to select thick, dark-colored pieces.
         





         Fabrics





         When choosing fabrics for use in a solar home, remember that olefin fabrics have a tendency to degenerate over time, an effect familiar in yellow olefin water-ski ropes. By contrast, dacron was developed by Dupont to be resistant to sunlight, a quality that is coupled with dimensional stability, making dacron based products worth investigating.





         The marine line of Uniroyal’s Naugahyde brand of fabrics was developed to stand up to intense solar exposure, and is mildew resistant as well. “Ranchero” is a breathable Naugahyde with the velvety look and feel of suede. Their “Bahamas” fabric has a rich leathery texture.





         Genuine leather will need extra attention if it will be exposed to sunlight. Check with the manufacturer on its care. For supreme sun resistance look for Sunbrella.





         Wall Coverings





         Wall-coverings add character and definition to interior spaces. The trick is to follow the basic color scheme of the room and to keep the wall treatment visually on the wall. A glorious pattern in vibrant hues will probably jump out and hide artwork, making a room appear smaller. It is challenging to keep the whole room design in mind when picking a wall treatment, yet so much more can be added to a room’s appeal by using appropriate paint and wallpapers. Angled wood on one wall, complimentary painted hues, book shelves backed with an accent color, and the lush mono-tonal textured papers that carry the softness of certain rugs higher into the living space . . . Enjoy yourself as you plan.





         Wallpapers will be subject to fading in a solar home. Wallpapers made by Albert Van Luit & Co. have been tested for years in the intense sunlight of Southern California. Other manufacturers are following suit. Mylar-based papers have proven dimensionally stable, but be aware of the effects of metallic reflections, which can be very dark or very brilliant depending on light exposure.





         Home interiors evolve as people live in them. Don’t hurry to fill up the space. If furnishings are put somewhere “for the time being,” they usually remain there for a long time. It is better to wait until the right solution presents itself.





         A WORD ABOUT PLANTS





         Due to the increased amount of sun in a solar home, the usual house plants may need to be placed in rooms with less exposure. Geraniums, plants that love heat and dryness, orange trees, hibiscus, herbs, catnip, and cacti will all thrive in the warm southern exposures, whereas Christmas cacti, oxalis, begonias, African violets, and gloxinias are not really contented unless removed from direct exposure. On the other hand, seedlings are delighted to germinate in a sunny spot, as long as their soil is kept moist.





         Check with a nursery or florist if you have questions about which plants are best for your region.





         The natural solar house is not hard to decorate, but it is important to know the variables that over time will effect your choice of materials and solutions. Whatever choices you make, your maintenance costs should be low and your level of satisfaction great. Pop an apple pie in the oven, turn on the music, and sit back and enjoy the total experience of your home.





         Solar Principle # 10





         Remember that the principles of solar design are compatible with diverse styles of architecture and building techniques.






         Solar homes need not look experimental or futuristic, nor do they require complicated, expensive, and hard-to-maintain gadgetry to function well and be comfortable year-round. In solar design, good planning and sensitivity to the surrounding environment are worth far more than special technologies or equipment.
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		 THREE PROJECTS

         
         
         
         [image: 9781933392035_ps_0182_003]

        
		       

   
  



            
            During the 1970s many solar designs came and went. Usually when a design failed to work, the designer and/or design was faulted. It is always a concern to a designer that a design will be misused and fail, causing the demise of the idea. When I was operating Green Mountain Homes, I kept close control over my design to ensure its success. In the post-Green Mountain Homes years I realized that what we had learned about solar was going by the wayside; thus, the idea of the book. The fear was that the book would spawn unsupervised projects that could be improperly constructed and fail. This could potentially lead to the demise of the idea and the design. I’m very happy to report that just the opposite has occurred. The design has been embraced by solar enthusiasts in many countries and the book has spawned an untold number of solar projects. A recent related Google search yielded 36,300 “hits” or links.
            

            
            
         

         
         
         The following three projects have been selected because they happened as a direct result of the book first being published in May 1997. The projects were selected because of their diverse locations and climates. The first two are new homes and the third is a retrofit.

         
         
         
         
         COLORADO

         
         
         
         
         [image: -1743745543]

         
         
         The builder/owner writes:

         
         

         
         
         
         
            
            “Temperature swings were very slow—up or down. Heat distribution excellent. I did your recommended 2x4 wall with 1” of foam—very tight. . . . Did use 1–2 cords of firewood as backup—no furnace in the house. First time we left during Thanksgiving cold snap. 0 degrees for a week. It was 62 degrees upon return. Used thermal window coverings at night. Very happy with performance.”

            
            
         

         
         
         M. F. Woodland, Colorado

         
         
         
         
         NORTH CAROLINA

         
         
         
         
         [image: -1743745486]

         
         
         The owner writes:

         
         

         
         
         
         “After reading your book we had the good fortune to have your help to plan our new home. Eventually we found an architect and he helped find a site on our 34 wooded acres. Our house would not follow all your good ideas and concepts, but we did all we could. The house is a two story built into a southern facing slope. . . .We have six clearstory awning windows facing south between the two gables; that lets us keep the lights off in the house during the day, and we have a skylight in the interior bath for the same purpose. . . . I admire and appreciate your work. We love our home and you are to be commended for trying to make us all more energy conscious.”

         
         
         
         
         C. E., Ashville, N.C.

         
         
         
         
         CANADIAN RETROFIT

         
         
         
         
         [image: -1743745448]

         
         
         [image: -1743745447]

         
         
         As you can see, this conventional home was aligned with the street and faced north. After reading The Passive Solar House, the owners of this home designed and constructed a solar addition to their under utilized south side of their home. They also constructed the addition themselves. Here’s what they write:
         

         
         

         
         
         
         “As I reflect on our passive solar addition with Solar Slab, I am sitting up on the integrated loft on a sunny April day and it is 22 degrees centigrade (72 degrees Fahrenheit) in the room with no fire in the backup woodstove for a few weeks. It went down to -2 degrees centigrade (28 degrees Fahrenheit) last night (outside) and then up to about 15 degrees centigrade (59 degrees Fahrenheit) today. The main house just has the furnace fan circulating air and it is 19.6 degrees centigrade (67 degrees Fahrenheit). The Solar Slab under the sunroom is 19 degrees centigrade (66 degrees Fahrenheit).

         
         
         
         
         I saw the book title for Jim’s book in 1999 and we felt that The Passive Solar House made sense. I had over the years heard of rock storage, Trombe walls, Glauber’s salts, yet existing, easily obtained thermal mass in the form of concrete blocks with ready made channels in the block structure forming ‘ductwork’ is appropriate technology.

         
         
         
         
         Thank you, Jim, for sharing your discoveries.”

         
         
         
         
         B. & D. M, Beaverton, Ontario

         
         
         
         
         [image: -1743745371]

         
         
         Addition interior: South wall showing air vents

         
         
         	[image: 9781933392035-187]
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         USING THE CSOL 
COMPUTER PROGRAM
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            The computer program contained on the CD was authored by James Kachadorian and revised and edited by J.R. Arscott, of the United Kingdom. The program is Windows based and is set up for Canada and Northern United States. There are provisions for inserting data from other locations.
            



         



         Before using the program for your own project, make a test run using the example in Chapter 8. Check to make sure your results match the book results before proceeding.





         The following instructions will assist you in the operation of the program:





         1. After inserting the CD, double-click on “csol_setup.” Click through the license agreement, click “Start,” click “OK,” drag and place the “CSol” shortcut on your desktop screen. Click on the “CSol” shortcut to run the program or click “Run” when the first screen appears.


         


         2. The first window does not affect the operation of the program but identifies the run. The information entered in this window will appear on the final printout.


         


         3. The next window asks for siting information. Click the appropriate orientation and click “OK”.


         


         4. The next window asks for U factors, Shade Coefficient, Clearness Number and Air Changes per Hour. Use the U Factor and Shade Coefficient (SC) specified by the window manufacturer. See the Chapter 6 Shade Coefficient discussion. The Lower Living Space Concrete Wall U Factor applies only for a sidehill design. Leave the default value of 0.0456 for non sidehill designs. Find the clearness number for your location. U Factors are expressed in Btu/hr x ft(2) x dF. If there are no changes click “OK”, or change the appropriate value to suit your design.
         


         


         5. The next window asks if your design is a sidehill. If you click yes, the next window will asks for the square feet of heated living space in the lower concrete wall.


         


         6. The next window asks for more data. The “Gross Square Feet of Framed Walls” is the total area of framed walls, which assumes studded construction. Enter the equivalent area of your walls in square feet. The “Roof/Ceiling Area” is the flat insulated ceiling in a non-cathedral house or the area under the insulated roof line in a cathedral house in square feet. House volume in cubic feet is the last entry for this window. After you have entered all the data for your design, click “OK.”


         


         7. The “Glass Dimension” entry should be the glass manufacturer’s published glass areas in square feet.


         


         8. The next window asks for “Square Feet of Thermo-Shutters.” You should enter the square feet of whatever you are using for window and patio door nighttime insulation.


         


         9. The location window offers 67 locations in Canada and the United States. Pick the closest location to you. If there is no location listed near you, select “None of These Locations.” If this selection is made, the next series of windows will ask you to input degree-day data and percentage of sunshine for your location.


         


         10. The next window requests the closest north latitude to you. If none apply click “None of the Above” and the next two windows will ask for Half Day Solar Heat Gain Factors (See Appendix 2) for East and South. Note that there is no need to enter West as East and West are the same.


         


         11. Outside winter design temperature is next. Select the appropriate value from Appendix 4.This temperature must be entered as degrees Fahrenheit. Be sure to include the minus sign if this is a minus value, i.e., minus 20 degrees Fahrenheit is entered as -20.


         


         12. Highlight the backup heat choice and click “Select.” Repeat if desired and click “Finish.”


         


         13. Next enter the outside Solar Slab dimensions in feet and select the average winter temperature in degrees Fahrenheit from Appendix 5.


         


         14. Congratulations, you’re finished.


         


         15. The printout will contain your results along with predictions for fuel usage. Examine the design review and adjust your design accordingly. The slab thickness value will normally be between 3 and 10 inches. Your slab should be reinforced as shown in the book details and should be structurally sound. If you get a readout of a slab thickness that is less than your local codes, use the code-dictated minimum thickness, usually 3” to 4”. If you get a minus slab thickness or a number less than 3”, it means that your house is underglazed. That is, there is not enough insolation to require mass to offset and store the heat gain. If you get an excessively large slab thickness, your house is overglazed. Try to rework your design to get the percent of east plus west plus south glazing to be between 10 and 20 percent of the heated wall area. See Worksheet 3, Chapter 8.


         




         The privacy of all Green Mountain Solar Home owners has always been respected, but you will be able to take a virtual tour of a sampling of solar homes designed by the author. All of these homes utilize the solar heating system described in The Passive Solar House. Backup heating systems range from sophisticated air-to-air heating and cooling systems and oil- and gas-fired warm air systems to wood stoves supplemented by simple electric furnaces. All of these homes have an air mover to circulate and filter the air. Most commonly, the air filter is the ordinary air filter contained within the warm air backup heat system. See the control diagrams in chapter 7 for more detail.





         The CD also includes photographs showing the construction sequence of the author’s solar home.





         Again, good luck with your project.









 
      
         
         
         APPENDIX 1

         
         
         
         
         Solar Design Worksheets

         
         
         
         
         As discussed in the preface, those readers that are technically proficient may wish to utilize the information given in this book and proceed on to design a solar home. All the “tools” needed are in the appendices. Permission is granted by the author to photocopy the worksheets in Appendix #1 as you will need multiple copies to perform trial “runs” for any solar design attempted. The permission to copy is only extended to Appendix #1.
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         APPENDIX 2 

         
         
         
         
         Solar Intensity and
 Solar Heat Gain Factors for
16 to 64 degrees North Latitude

         
         
         
         
         Reprinted with permission of the American Society of Heating, Refrigeration and Air-Conditioning Engineers from the 1993 ASHRAE Handbook of Fundamentals, Tables 12–18.
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         APPENDIX 3

         
         
         
         
         Thermal Properties of Typical
 Building and Insulating Materials

		 
		 (Design Values)

         
         
        
         
         
         
         
         Selected from American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), 1993 Handbook of Fundamentals, Table 4.
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         APPENDIX 4

         
         
         
         
         North Latitude, Elevation,
 and Outside Winter Design
 Temperature for Selected Cities in the
 U.S. and Canada

         
         
         
         
         Adapted and reprinted from the Cooling and Heating Manual, U. S. Department of Housing and Urban Development Office of Policy Development and Research.
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         APPENDIX 5

         
         
         
         
         Average Monthly and Yearly
Degree Days for Cities
in the U.S. and Canada

         
         
         
         
         Reprinted with permission of the American Society of Heating, Refrigerating and Air-Conditioning Engineers from the 1981 ASHRAE Handbook of Fundamentals.
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         APPENDIX 6

         
         
         
         
         Mean Percentage of Possible
 Sunshine for Selected Cities
 in the U.S. and Canada

         
         
         
         
         Based on period of record through December 1959, except in a few instances. These charts and tabulation are derived from the “Normals, Means, and Extremes” table in U.S. Weather Bureau publication Local Climatological Data.
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         APPENDIX 7

         
         
         
         
         Isogonic Chart

		 
		 
		 
		(Magnetic Declination)
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Worksheet 1-C

23. Total heat loss from home without nighttime insulation for glass.
(excluding lowver concrete wall): 11,126 Btus
24. Total heat loss from home with ighttime insulation for glass
(excluding lower concrete wall): 10,019 Btus
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Worksheet 1-B

13. U-value of glass with nighttime insulation:
20 U~value of total framed wall area
21 Unvalue of total roofceiing area
22 U-value of total lower living:space concrete wall
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Table 17_Solar Intensity (£ ) and Solar Heat Gain Factors (SHGF) for 56° North Latitude
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Table 16 _Solar Intensity (E ) and Solar Heat Gain Factors (SHGF) for 48° North Latitude
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Table 18_Solar Intensity () and Solar Heat Gain Factors (SHGF) for 64° North Latiude
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Table 13 _Solar Intensity (Ey) and Solar Heat Gain Factors (SHGF) for 24° North Latitude
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Table IS _Solar Intensity (£,,y) and Solar Heat Gain Factors (SHGF) for 40° North Latitude
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“Table 14._Solar Intensity () and Solar Heat Gain Factors (SHG)for 32° North Latitude
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TABLE 71
IMPACT OF DESIGN MODIFICATIONS ON ANNUAL FUEL USE
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TABLE 9-1
PERFORMANCE
SUMMARY FOR

4-PANEL SUNSPACE*

BuRmGon, ViawonT

Hasson, Comecncur
HEAT LoAD o S0LAR S9RIED
(i million: 8tus)

Nov 142
Dec 3
Jan 3
Feb 125

*Using the methodology
developed in this book, and
adiusting Solar Heat Gain
Factors for tilted glass
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South glass

West glass

Wall area, unglazed
Roof area

Volume

S OUAES feer
200 square feet
40 square feet
330 square feet
91 square feet
300 Cu. Ft.
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Worksheet 3

(continued)
Roof andlor ceiing framing or bridging loss f significant) Btushr
Solar lab perimeter loss (i significant) ______ Btusihr « °F
Combined tota ate of heat oss= Biushr » °F

For a total ofthe house's predicted Hea Loss Without Nighttime Glas Inulaton, muliply the
above combined tota ate of heat oss by 24 hours per day:

Btusir  °F x 24 hday BuusF o day

6. REDUCTION OF HEAT LOSS DUE TO NIGHTTIME GLASS INSULATION
(applicable only if nighttime insulation used)

The Heat Loss Credit for insulated glass can be calculated as follows:

Avea of glass with nighttime insulation (from Worksheet 1, line 10) x [U-value of glass without
nighttime insulation (from Worksheet 1, line 11) - Uvalue of glass with nighttime insulation
(from Worksheet 2, section C)] x number of hours that nighttime insulation will be used

square feet x Btusihr o o F - Bius/hr o ft'+ %) x
hours per day BlusrF « day

Using the Heat Loss Credit just derived, the Total Heat Loss With Nighttime Insulation is calcu-
lated as follows:

Heat Loss Without Nighttime Glas nsulation (rom section 5, above) ~ the Heat Loss Crecit

BusF o day - BrusPF o day = Bus”F o day

7. ADDITIONAL HEAT LOSS IN SIDEHILL DESIGN

10 a sidehillstuation, the heat oss through the lower living-space concrete wallis a constant.
For simplicity let's cal this the “Lower Concrete Wall Loss" or LCWL, which can be calculated
as follows:

(continued on next page)
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Worksheet 3
House Heat Loss Calculation

1. EXTERIOR WALL HEAT LOSS

‘Avea of exterior walls (from Worksheet 1, ine 15) x framed wall Unvalue
(from Worksheet 2, section A)
square feet x Brughre ft s

Btushr o °F

2. ROOF OR CEILING LOSS

Area of roof or celling (from Worksheet 1, line 17) x roof o ceng Unvalue:
from Worksheet 2, section 8)
square feet x Btushr + it

Buushr o °F

3. INFILTRATION LOSS USING VOLUME METHOD

Volume of heated space (from Worksheet 1, line 18) x specifc heat of ai  ai changes per hour
cubic feet x 0018 BLug't  ° x 67 ai changesihr = Blushr

4 HEAT LOSS THROUGH GLASS (WITHOUT NIGHT-TIME WINDOW INSULATION)

‘Area of window and patio door glass (from Waorksheet 1, line 9) x Usvalue o glass
(from Worksheet 2, section C)
square feet x Brughr o

Brushr o °F

5. TOTAL HEAT LOSS:

[ — R

Roof or Ceiling Bugir « F
Infiltration Btugihr + °F
Glass_____ Bushre°f

Wall framing or bridging loss i significant) Brushr o fe o F
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Worksheet 1

House Location:
Latitude:

Magnetic Deviation:

House Alignment:

Area (n square feet) of east-facing glass:

Area (n square feet) of west-facing glass

Area (in square feet) of south-facing glass:

Area (in squar feet) of north-facing glass:

Totalarea (in square feet) of glass:

Area (in square fee) of glss with nighttime insulation

Manufacturer's Uvalue of window glass: Patio glass

Shadie Coeffcient o glass

Unvalue of glass with nighttime insulation

Area (n square feet) of exteior (heated) walls:

Net area (in square feet) of exteior (heated) walls: Subtract ne 9 from fine 14 =
Area (in square fee) of heated lower lving-space concrete wall(in sidehill design)
Area (n square feet) of nsulated flat ceiling (or angled ceiing if house has.

a cathedral celing):

Volume (in cubic feet)of the heated airspace of the house:

Outside Winter Design Temperature:

Unvalue of total framed wall area:

Unvalue of total rooficeling area

Unvalue of total lower iving:space concrete wall:

Total heat loss from home without ighttime insulation for glss (excluding lower concrete wall:

Total heat loss from home with nightime insulation for glass (excluding lower concrete wall:

Clearness number.

Recommended size of furnacs

Total requirement (in klowatt-hours) o electric backup heat
Recommended size of woodstove:

Estimated annual fuel consumption

Required thickness of poured concrete for Solar Slab
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Worksheet 2
(continued)

C. GLASS WITH NIGHTTIME INSULATION

1.15 wow wind (outside) 017
2. Glass:

3. Dead air space (between glass and insulating device)
4. Insulating device:

5. Still air inside surface of insulating device) 068

Total Rvalue:

Usvalue of nighttime insulated glass (1 + R): Btushr o '

D. LOWER LIVING:SPACE CONCRETE WALL: R-VALUE

1. Exterior rgid insulation
2. Concrete: inches x0.075
3. Interor insulation

4. Vapor barrer

5. Interor wal covering:

6. til air (inside surface of wal)

Total Revalue:

Unvalue of Lower living:space concrete wal Brushr o ff o F diference
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Worksheet 2
R- and U-value Caleulation

A FRAMED WALL: RVALUE

15 e wind outside) —_om
Exteror sding:

Rigid insulation

Exterior house wrap

Exterior sheathing:

Fiberglass nsulation:

Vapor barrer

Interor wall covering: _____| [
Stillair (inside surface of wall) —os8

Total Revalue:

Unvalue of wall =T/ = Bushr e f'e
(increase U-value i framing or bridging los s significant)

B. ROOF OR CEILING: RVALUE

1.15 wew wind (outside) 017
2. Roofing material

3. Feltroofing paper:
4. Roof sheathing:

5. Fiberglass insulation:
6. Vapor barrer

7. Inside ro0f or ceiling covering:
8. til i (inside suface of roof or ceiing) 068

Total Revalue:

Unvalue of roof or ceiling =1/R Bugir  ft'e oF
(ncrease Unvalue if roof or celing framing or bridging loss i significant):
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10,529 Btus/®F * day — 1,405 Btus/“F * day

124 Btus/®F * day
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Worksheet 7
(continued)

4.SIZING A WOODSTOVE

The recommended woodstove size can be calculated s follows:

Step 1
Take the average of Heat Loss from Worksheet 3, ines 5 and 6) (11,126 + 10,019) + 2 Btus per
hour + 24 hours per day x (72 - outside Design Temperature) degrees + sidehill LOWL.
(rom section 1, above) Btus per hour Btus per hour

Step2.

Answer from Step 1 Btus per hour + 85 (combustion effciency from section 2, above)
= Btus per hour

Rounded for smpiiciy the nearest thousand:
Woodstove size = Btus per hour
5. ANNUAL FUEL CONSUMPTION

Total Purchased Fuel (from Worksheet 6, ine A) + net available heat energy in Btus per galon, kilo-
‘watt-hour, or cord (from section 1, above) = annua fuel consumption in Btus*

Moyttt an 350 be cbtined sing th ame method working with Workshet 6, cumn 1
SUMMARY:

Annual Purchased O Consumption (1 100% source of backup heat):
Buus + 98,000 Buus per galon = gallons o ol
AnnualElcticity Consumption  100% source of backup hat):
Buus + 3415 B per iowatthour = Kiowatthours
Annual Firewood Consumption (1 100% source of backup heat:

Bus+ Btus per cord + 0.5 cord (10 be conservative) = cords

To calculate the cost of these various sources of backup heat, simply multiply your totals for this
section by the present ate in your area for 1 gallon, 1 kilowatt-hour,or 1 cord of spit and dried
hardwood firewood.
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Backup Heat and Annual Fuel Usage Calculation

1. NET AVAILABLE BTUS FOR VARIOUS FUELS.

A. #2 fuel oi: theoretical heat energy = 140,000 Bus per gallon). Assuming 70% combus-
tion efficiency, the net heat will be 0.70 140,000 98,000 Btus per gallon.

8. Propane gas: (theoretical heat energy = 91,500 Btus per gallon). Assuming 75% combus-
tion efficiency, the net heat will be 0.75 x 91,500 = 68,625 Btus per gallon.

C. Electricity (theoretical heat energy = net heat in this case): 3,415 Btus per kilowatt-hour

D. Split and dry hardwood: Average net heat energy is 17,000,000 Btus per cord (a cord is
128 cubic feev), or Btus/cord for the specific firewood to be burned.

2. FOR COMBUSTION EFFICIENCY IN STEP 2, BELOW, USE THE FOLLOWING VALUES OR SUB-

STITUTE MANUFACTURER'S SPECIFIED EFFICIENCY:

Ol furnace: 70

Propane gas furnace: 75

Electrc reistance heaters or electric furnace: 1.00

Woodstove: 85

3. 5I2ING THE CONVENTIONAL BACKUP HEAT EQUIPMENT

‘The appropriate furnace size (in Btus per hour) can be calculated as follows;

step 1

Total Heat Loss (from Worksheet 3, line 5 BUSPF « day + 24 hr/day x (72 -
°F Outside Winter Design Temperature) + Sidehill Lower Concrete Wall Loss**

Btus per hour = Btus per hour

s Tt Heot Loss withoot kg it st et
e ofloner concrets wll onaeet 1 ne 16) - sauare et X s of ke concretevll___ B

1725 Degres) = s per bour
Step 2

The answer from Step Btus per hour + combustion effciency (s a decima, from sec-
tion 2, above) = Buus per hour Buus per hour

Rounded for smpliciy to the nearest thousand

Furnace Size = Btus per hour*+

Bt e hour et t bomet. ncevse sightyfor doct and ateroses.
(continued next page)
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Worksheet 8
(continued)

4. DETERMINING THE VOLUME OF THE SOLAR SLAB

Totalfrom section 3, above. Btus + 30 B’ « F* + 8 degrees** = cubic feet

SpecilcHeat of ol S combnation o 12-nchconcet bcks and pured concrete v biocks)
*“Desied Masimun Temperaure Difeence

. DETERMINING THE APPROPRIATE SLAB THICKNESS (MINIMUM 4 INCHES)

total thickness n feet

= length in feet

W = width in feet

t = thickness of poured concrete over 12-inch blocks.

AT = Total Volume (rom section 4, above) cubic feet + [0.85 x area of 1stfloor Solar

Slab square feet (using outside dimensions)] feet
Convert Total to nches: feet x 12 inchesffoot = inches
B.t=T (from A, above) ____ inches -6 inches* inches

“12:nch blocks e sppcsimaely ol concrte
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Worksheet 8
Sizing the Solar Slab

1. DETERMINING THE TOTAL INSOLATION FOR YOUR HOUSE
ON A SUNNY DAY IN FEBRUARY

A nsolation for a representaive February day"

Eastifacing glass ____ square feet x East SHGF :-day total Btus per square feet +
South-facing glass square feet x South SHGF -day total x 2. Btus per square feet
+ Westfacing glass square feet x West SHGF V1-day total Btus per square feet =

Bus
~Obtan your Slr et Gin Fctors (SHGF) o Februaryfrom Woekshet 4, part 2.
8. Peak Insolation for February day:

Multply result from A (from above) Btus x Shade Factor (as a decimal) x
Clearness Number (as a decimal)

Bus

2. DETERMINING THE PREDICTED HEAT LOSS OF THE HOUSE (WHILE COLLECTING THE
BTUS INDICATED IN SECTION 1, ABOVE)

A. Calculate the heat loss from 7:00 s to 5:00 s as follows:

Bus/r o °F (from Worksheet 3, lines 6 o 5, if no nighttime glass insulation is used) +
24 hours per day BuSF « day x (68 - Average Winter Temperature for house location
(from appendi 5 degrees) x 10 hours Buus

8.1 using a sdehill design, add the Lower Concrte Wall Loss (from Worksheet 3, ine 7)
Btus per hour x 10 hours
10-hour heat loss in Btus.

C.Thenadd A+

Bus

3. DETERMINING THE EXCESS AVAILABLE HEAT TO STORE IN THE SOLAR SLAB:

Totalfrom section 1, above Btus - Totalfrom section 2, above. Bs =
Bus

(continued on next page)
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Worksheet 4

(continued)
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Tabulate the Solar Heat Gain for each month. Muliply the
total Btus x the Shade Factor X the Clearness Number:
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Worksheet 4
Solar-Supplied Heat Gain

1. Using appendix 6, eter the percent sunshine for your home site

Mo 4 Swne

2. From appendix 2, enter the east, south, and west half-day totals of Solar Heat Gain Factors
for your home site lattude. (Read the table from top to bottom for suniise to noon and from
bottom to top for noon to sunset.) Assuming that your home faces south, multiply the south
alf-day total SHGF by 2. Ignore the west SHGFs for the av and likewise ignore the east SHGFs
for the i (therefore, the east SHGF will equal the west SHGF).

Mo Bor Sours (62) wer
Septermber
October

Novermber
December
Janvary — - —
February — — —
March
Aprl — i —

May S — S

Multiply the SHGFs given above by the area (in square feet) of glass on each elevation, and
obtain a total for each month (square feet x Btus per square foot x days per month) = Btus
per month

(continued nex page)
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Worksheet 6
House Solar Performance Summary

From Worksheets 4 and 5, enter the total monthly heat load and the figure for sola-supplied heat.
Subiract the monthly solar-supplied figure from the total heat load. I the difference is fess than
“0,” enter “0° in the last column.

Mo Loto Sou Sumio Nor
(mions ) mions s Somie
Mo POUWGRGRETS o Wiouonir 4 ooty

Sep — - —

Totl

Diference: ot Solr Suppled = B to be suppied by purchased fuel

Totals are:
A Total Purchased Fuel (from column 3, above) Bus

8. Total Heat Load (from column 1, above) Brus
C. % Purchased Fuel (A + B x 100) x100

D. % Solar (100~ ©) 00 = %
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Worksheet 5
House Heat Load Calculation

Using appendix 5, enter the monthly degree days for your house location

Monthly Heat Load (in Btus) = Total House Loss (in Btus/F « day) x degree days + lower sdehill
concrete walloss or LCWL (from Worksheet 3, line 7) Btus per hour x 24 hours x days
per month

1fthis is  sdehil design, fist calculate the monthly heat loss through the lower concrete wall
(MCWL) as follows:

o mow,
Mom (st Hous rxony s on ot mionsof o)
o x  24hous x 300ays PR—
oa  __ x  2ahous x 310ays -
N x 24hous x 30025 -
b x  2ahous x 310ays —
B0 x 24hous x 310ays -
R x 2ahous x 28025 —
Mo x 2ahous x 31025 _—
M x 2abous x 300ays —
My  __ x  2ahous x 31025 —
o Hous Hosr Loss Moy Hosr Loso
Mo ) D Oxs. mow, miions o b
sep — = — +
oct — x o+ -
Nov — = i s —
Dec o« .« —
sn Y —
feb o« .« — -
Mar = x s —
Aot — x o+ —
May o« — .« — —
Total S
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Worksheet 3
(continued)

Area of lower living-space concrete wall (from Worksheet 1, line 16) x U-value of lower living-
space concrete wall (from Worksheet 1, ine 22) x difference between inside and outside tem-
peratures (or 65 degrees - 45 degrees)

square feet x Bus/r o ft? « % x 20 degrees = Buusour

8. DESIGN CHECK

Calculate the total area of the east:, west:, and south-facing glass as a percentage of the
gross upper and lower heated wall area

square feet of €, W, and § glas (from Worksheet 1, lnes 5, 6, and 7) +

square feet of wall (from Worksheet 1, lines 14 and 16) x 100 = 291/
2280 100 percent

The resulting percentage should be between 10 and 20 percent.
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Total Insolation 243,569 Btus
Heat Loss (112,100 Brug)

Bxven wysthitis b skoaes 131.469 Btus
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295 Btus/hr ¢ “F X 38 degrees X 10 hours

12,100 Btus
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184,15/ Btus — 22,620 Btus per degree

8.14 degrees





OEBPS/images/9781933392035_ps_0100_004.jpg
East = 44 ft* X 594 Brus /ft" X 0.88 = 23,000 Btus
South = 122 fi* x 1,634 Brus/fi x 0.88 = 175,426 Brus

West = 44 fi° x 594 Beus/fi* x 0.88 = 23,000 Brus

Total: 221 426 Btu
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down the table)

South 817 X 2 = 1,634 Btus per square foot (full day)

West 594 Brus per square foot (half-day tatal, reading up
the table)
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A. lotal Purchased Fuel (ifrom column 3, above) 44,420,000 Btus

B. Total Heat Load (from column 1, above) 74,570,000 Btus
C. 9 Purchased Fuel (A + B x 100} 24,420,000 + 74,570,000 X 100 = 33%

D. % Solar (100 = C) 100-33
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b e
construction, 2831
functions in solar home, 32-36
ecothermal heat and, 105-107
heat capacity caleulations, 80
information monitoring cffort,
3841
patent on, 9, 13, 3540
perimeter heat los, 68,78
szing, 132-33
stomage of “excess” heat from
other sourees, 144, 146
summer cooling and, 106-107
thermal balance, §3-85
thermal capacity (SSTC),
68,80-83
thickness caleulations, 85-89, 91
volume of concrete, calculations,
78
cuthern exposure, 17, 144, See also
siting 2 house
specific heat” defined, 50
orage tanks, active solar systems,
16
Stytofoam insulation, 46, 47, 105
summer, 20-22, 36, 39, Se also
cooling; siting a house
wnlight, 69,91, 149-51. Scc alo
siting a house
wnspaces, 13743

T
ax credits,solar energy, 5-9
cmperture
heatlosscalculations and, 69, 86
living space/room, 27, 78-83

SORRA clky, WIS, B
system design and, 27
Seeabo Delta T design temperature
thermal balance, 31,83-85
theemal incrtia, 37
thermal lag, 36, 39
theemal mass, 22,33, 39, 8589, 111
thermo-shutters, 50-53,75-77, 99
thermosiphoning
effzct, Solar Slab and, 30, 31
revene, 15,52,53
thermostats, 55-56, 78-79, 81
tilied glas, 19-20, 13840
s See shade/trecs
Trombe, Felix, 15
Trombe walls, 15-16,22,36,
27.28,52
two-story houses, 41,60, 110-11
“Typar and Tyvek house wraps 5,47

u
wlizaviolet rays, 155
US. Gypsum (company), 47
wility rooms, 108
U-values
defined, 50
heat loss calculations and,
63-64,66-67,69
sidebill sites and, 117-18

v
wapor conirol, 4349

vents and ventilation, 43, 46,94,
97-98. S alsoair quality

b
walleoverings, 155, 158-50
walls, 44-50, 667,69
water
damage leaks/condensation
and, 4344, 138, 140-41
a5 solar storage mediom, 22
vapor control, 4349
wells/sapply, 19
Sce also hot water heating
systems
water-to-air heat exchanges, 146
weather stripping, 46, 135
wind and windbreaks, 17, 18
wind energy, 147
windows
interior decor, 151-52
replacement, 46
as solar collectors, 17, 19-22,
33,59
sunspaces and, 137-43
See alio glas/glacing; nightcime

pasive solar heating systems;
siting a house

wood, asfuel, 95,99, 103105, 135

woodstoves, for backup heating
floorplan and. 58,60
indoor air quality and, 46
sizing, 103-105, 125, 127-30
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N

Nationsl Oceanic nd Atmospheric
Administration (NOAR), 73

New England, 55

aighttime glass-insulation, 50-53,
59,90,99

sighttime heat loss, 2223, 33,
39,137

noise control, 110

sortheast region, 33,55

northern exposure, 144,
See alo siting 3 house

o

odor control, 04, 108-109

office buildings, 144

off the-grid" 147

oi. See el oil

OPEC nations, 4

overheating/ overglazing, problesn
of,26,31,43

3
passive solar design
active solar design
15-16,25-26
heat storage, 31
ideal versus actual conditions,
14344
interior design and, 149-59
lower level,utilization o,
28,31,113,125
‘modifications and annual frel
e, 103
potential sites for, 131, 135
principles of, 11,1516, 21
39,49,50,109, 131,133, 157
sunspaces/ greenhouses, 13743
ez asosaltbox house design:
Solar Sk
pasive solar design calculations
basic parameters, 89-90
farnace operation and, 7883,
98-99
shass/glasing, ratio to thermal
mass, 85-59
heatload, 7274
heat-loss reduction, window

insulation and. 75-77

compared,

TORSIENON RO, b A
Rovalues 63-61
solar heat gain, 6972, 51-52
‘summarized, 90-91
thermal balance, 8385
thickness, Solar Slab, 55-89,91
olume of concrete, Solar Slab, 32
‘woodstoves, sizing for backup.
heat, 99
pasive solar heating systems
challenges/transicnt problems
of,26-27
compared to active systems,
16,25
farnace, keeping off, 27-31
room temperature, keeping
steady all day, 33, 37
oom temperature storage, 27
thermal inertia and, 37-38
S also backup heating systers
patents and patent law,9, 13,
3841
patio doors
insulated dual pane, 64
as solar collectors, 17, 19-22,
33,59
sunspaces and, 138
Sec also glas/ghzing; nighttime:
glass-insulation
petroleum. Se fuel oil
photovoltaics, 147
piers, foundation, 95
pipes and piping, 25, 55,95
plants, house, 159
‘plumbing. See pipes and piping
polystyrenc insulation, 47
post-and-beam construction, 69
pre-fabricated solar homes, 3,7
propane, asfucl. 97, 101-102
pumps, 16,37, 105
PVC plastic pipes, 95

R

“reflection coefficient.” 70

refrigerators, 105

seturn-air ducts, 94-95, 108

meverse thermosiphoning.
See thermosiphoning

oofs. 47—48. 66-67.69. 135

ety Ly a1

Rvalues
defined, 4, 4647, 50
elass, 50-51,64

heat loss calculations, 63-64, 90

mof/valls,63-64,90

sidehill site caleulations and,
1718

thermo-shutters, 75

s
saltbox house design, solae
caleulations for, 63, 70
floor plan, 55-61
foundation plan, 93-95
‘monitoring effort, 3341
sdehill sites, 1331, 134
Solar Slab and, 31-33
Sandia Laboratories (New Mexico),
38
seasonal affective disorder (SAD),
154
seasons. See summer; winter
second floor. See two-story houses
“sensible heat,” defined, 107
shade coeficient (SC), heat gain
and, 70,72,81,88
shade/trees, 11, 17,20, 90, 143
sidehill sites, 113-31, 134
siting a house
om cast-wwest axi, 30,55,
60-61,90
foundation plan and, 93-94
other considerations, 1319
sidehill sites, 113-31, 134
solar orientation, 11,17, 20-22,
144
“smart houses,”S
solar cllectors, 16-17, 19-22,.33.
59. S also Trombe wlls
solar design. Sec pasive sola design
solar energy,5,8-9, 12,91
solar heat gain, 26, 69-72, 81-82,
121-23
solar heating systemns. See passive
solar heating systems
solar performance summary, 74,
7,127
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dormitorics, 148,150

Dow Chemical, 50

dowsing, 19

drains, 07

dual-pane glas, 54, 66, 72-73

duets and ductwork, 27,28, 97-99,
100. See abso central eturn ducts

E

cectric backup heating systerns,
105-106

clctricity solar-generated, 150-151

energy cfficiency, 3-5, 57-63,
148-150. Ser alo solax energy

exterior house wraps, 5, 49

extruded polystyrenc insulation, 50

F
fbrics,interior design and, 55,
154,150,161
funs. See blowers/fans
fberglas insulation, 50, 51-52
ires, 97, 107
firewood, 108, 166
foor plan, energy-saving, 57-63
florescent lighting, 157, 158, 159
“footprint” foundation. 96
Formula R insulation, 50
formulas. See pasive solar design
caleulations
foundation plan, 95-97
framing members, heat loss and,
19,71
ieezing, protection from, 60, 144
el oil
annual usage calculation,
102105
supply/prices, 3-5
furnaces, 27,50-85. Se also backup
heating systems

G
sarages and garage doors, 63, 147
gas-fired furnaces, 99

gasoline prices, 3

seothermal hear, 109

e s
beat o cleulations 67-69, 77-80
as solar collectors, 21-24, 25,
35.36.61
solar gain calculations and,
7274
sumspaces/greenhouses, 14147
themmal mas/insulated wall arca,
ntio to, 35,87-92
e also cul-pane glass; ight-
time glass-insulation;
overheating/overglazing
grecnhouse effect, defined, 35
grecnhouses, 141-47
Geeen Mountain Homes
Royalion,VT), 8-13, 40-43.
e also pasive solar design

H
Hartford (CT), 31,63, 69-70,
74,82
heat gain. See solar heat gain
heating systems, 2627 See alo hot
water heating systems; pasive
solar heating systems
heat load caleulations, 72-74,91,
124,126
heat loss, 47, 50,90
heat los caleulations
infiltation losses and, 6569
reduction due to window
insulation, 75-77,99
Rovalues and, 63-64
sidehillsites and, 118-21, 125
temperature,inside/outside.
and, 82,99
heat pumps, 102
“heat sinks;” 25,26, 27
heat transfer, 25, 27, 38.
e also Rovalues
hills, siting a house on, 1
hot water heating systems
altemative types, 146
as backup heater, 100
floorplan and, 58,60
gafired, 97
Tocation, 110
solar, ax incencves for,§

S VRN, o ¥e 0 Lot
passive solar design

housing industry, 13. See alo Green
Mountain Homes

hydroclectricity, 147

1
ice dams, 47,135
infitration losses, calculating, 6569
insolation
defined, 39
passive solar design calculations
and, 69-72,81,88,91
insulation, 43, 4553, 103, 135. See
also nighttime glass-insulation
interior design
fabrics and weallcoverings,
15556, 158-59
floor coverings, 155-56, 158
lighting, supplemental, 152 55
plants and, 159
sunlight as decorative clement,
149-51
window decor, 151-52

K
Kitchens, 46,55, 61, 131

L

Taminar ai flow, 28

landscaping/land forms, siting &
house and, 11, 17, 22. See also
sidehillsites

“latent heat,”defined, 107

lbraries, 144

lighting, supplemental, 152-55

living rooms, 56

log-vall construction, 69

™M

‘maintenance, ises of, 43, 135

‘mas, 2. Sec alo thermal mas

‘mechanical inertia, defined. 37

Middlebury (VT), 86,58

mildew/rot, 44

‘moisture control, 43-49, 94,
107,138

‘mull caps, 14041
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A hooking up, 111-14 chimneys, 60,97, 105, 107
actve solar design, 15-16,27, 28 need for, Solar Slab and, 39,42 closed-cell, extruded polystyrene
“add-on” solar devices, 9, 16, e alio woodstoves insulation, 50
14147 barriers, vapor, 46-52 clothes dryers, 48
it conditioning. 111-13, 115,147 basements,7,30,33,60,63, 117, “coefficient of performance”
aitlock enrics, 51, 63, 114 129 (COP), 106
ar quality; indoor bathrooms, 48, 67,96, 113,137 concrete/building blocks
airchange per hour, bedrooms, 53,57, 58 passive solar design and, 17,19,
recommended, 46-45, berming, carth, 129 24,30-36, 42
foundation plan and, 96-¢ “Blower Door Test” 48 volume calculations, 34, 80-52,
iniltration loses, caleulating,  blowers/fans 91
6771 active solar systems and, 16 condensation, water damage and,
overview 45,105 furnaces to circulte solar heat, 4546, 142
sir-to-air heat pumps, 106, 173 101,111-13 comvergence by trial and crror, 92
American Socicty of Dowsers ventiation, 46, 45 Converse, A.0, 10,40
©amvile,VT), 19 “Blue Board” (Styrofoar) cooling, summer
Ann Arbor (M), 134, 157 insulation, 46, 47, 50 heat pumps and, 106
appliances, 6, 45, 108, 151 briding loses, 49, 70-71 pasive solar design and, 24, 33,
Bus (eitish thermal unity), 52 38,61
B building materils, using existing Solar Slab and, 110-11
backup heating systems in solar design, 17, 24, 30-33 thermal mass and, 41
air quality and, 105 See also air conditioning
costs, 102-103 c copper pipes, 97
el for, 103, 105-106 caleulations. So passive solar design  creosote, 60, 107
furnace blower fans, 101,104 calculations
furnaces, calculations for. 102 carpers/rugs, 159-61 D
furnaces, conventional, 100106 cast iron pipes, 7 degree days, heat load calculations,
furnaces, sizing, 102,111,129, central return ducts, 97, 100, and, 75-77,93
15234 1,112 Delta T, 40,82,84,90
seothermal heat, 109 Cheyenne (WY), 117,119,126, design temperature, 71,75, 92,102

Seat puriws. 106 134,137 Dimick. Sheldon. 9
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TABLE 2-1

Tk Soune 100% sou snent
Rotate 22'% degrees off true south to 92% solar benefit
south-southwest o soutl-soutfeast

Rotate 45 degrees off true south 70% solar benefit

10 southveest or southeast

Rotate 67% degrees off e south to 36% solar benefit
wiest-southvest or east southeast
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Worksheet 3
House Heat Loss Calculation

1. EXTERIOR WALL HEAT LOSS

Avea of exterior walls (from Worksheet 1, line 15) x framed wall U-value
(from Worksheet 2, section A)

1523 square feet x 0.0468 Brusthr « f « °F

7128 Btusie « °F
2. ROOF OR CEILING LOSS

Area o roof o ceiing (fom Worksheet 1, lne 17)  roof or celling Unvalue
(from Worksheet 2, section B)
1120 square feet x .0307 Btusfhr  ft =

3438 Busihr o °F

3. INFILTRATION LOSS USING VOLUME METHOD

Volume of heated space (from Worksheet 1, line 18) x specific heat of air x air changes per
hour

17.024 cubic feet x 0.018 Btus/ft’  °F x 67 air changes/hr = 205,31 Btus/hr « °F

4. HEAT LOSS THROUGH GLASS (WITHOUT NIGHT-TIME WINDOW INSULATION)

Avea of window and patio door glass (from Worksheet 1, line ) x U-value of glass
(from Worksheet 2, section C)
293 square feet x 05208 Btusthr o ft « °

52,60 Btusthr « °F

5. TOTAL HEAT LOSS:

Walls 7128 Busihr o °F
Roof or Ceing 34.38 Btusihr o °F
Infitration 20531 Btusthr  F
Glass 152,60 Btusthr « °F

Wall framing or bridging loss (f significant) na
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Worksheet 2
(continued)

C. GLASS WITH NIGHTTIME INSULATION

1,15 wew wind (outside) o
2. Dualglazed lass 12
3.Dead i space (between gl and thermo-shutter) 080
4. Insulting device: thermo-shutters 216
St i (nside sufaceof nsiatng device) 068

Total Ralue: nx:

Unialue of ighttime nsulated glss (1 + R 0.0883 Btushr » ' °F

D. LOWER LIVING SPACE CONCRETE WALL: R-VALUE

1. Exterior rigd nsltion: 3-nch Styofoam 1500
2. Concrete: nch x0.075 060
3. Interornsiaton: 1-inch 500
4. Vapor barer:  mil poly neolgble
. interior wall covering: inch crywal 064
6. Still air (inside surface of wall) 068

Total fvalue: 29

Unvalue of lower iving-space concrete wa

1R = 0.0456 Btushr o t' °F
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Worksheet 3
(continucd)

Area of lower living-space concrete wall (from Worksheet 1, line 16) x U-value of lower living-
space concrete wall (from Worksheet 1, line 22) x difference between inside and outside
temperatures (or 65 degrees - 45 degrees)

464 square feet x 0.0456 Bus/hr » ft » °F X 20 degrees = 423 Btushour

8. DESIGN CHECK

Calculate the total area of the east-, west-, and south-facing glass as a percentage of the
r0ss upper and lower heated wal area.

(52 + 55 + 184) square feet of E, W, and S glass (rom Worksheet 1, lines 5, 6, and 7) +
1,816 + 464) square feet of wall (from Worksheet 1, fines 14 and 16) x 100 = 291/2280 x
100 =13 percent

The resulting percentage should be between 10 and 20 percent. Yes
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Worksheet 3
(continued)

Roof andlor ceiling framing or bridging loss i significant) N/A Btusthr « °F
Solar Slab perimeter lss (i signficant) NA Btusihr »

Combined total ate of heat loss= 463,57 Btus/hr « °F

For a total of the house's predicted Heat Loss Without Nighttime Glass Insulation, multiply the
above combined total rate of heat loss by 24 hours per day:

463,57 Btus/h  ° x 24 hr/day = 11,126 BHusrF « day

6. REDUCTION OF HEAT LOSS DUE TO NIGHTTIME GLASS INSULATION
(applicable only if nighttime insulation used)

The Heat Loss Credt for insulated glass can be calculated as follows:

Avea of glass with nighttime insulation (from Worksheet 1, line 10) x [U-value of glass without
nighttime insulation (from Worksheet 1, line 11) - U-value of glass with nighttime insulation
(from Worksheet 2, section C)] x number of hours that nighttime insulation will be used

160 square feet x (0.5208 Btushr o ft*  °F - 0.0883 Btus/hr » ft*  °F) x 16 hours per da
1107 BtusPF » day

Using the Heat Loss Credt just derived, the Total Heat Loss With Nighttime Insulation is calcu-
lated as follows:

Heat Loss Without Nighttime Glass Insulation (from section 5, above) ~ the Heat Loss Credit

11,126 Btus/"F o day - 1,107 Bus/*F » day = 10,019 Btus/F » day

7. ADDITIONAL HEAT LOSS IN SIDEHILL DESIGN

0 a sidehillstuation, the heat loss through the lower living-space concrete wallis a constant.
For simplicity e’ cal this the “Lower Concrete Wall Loss" or LOWL, which can be calculated
as follows:

(continued on next page)
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TABLE 6-13
MONTHLY HEAT LOAD WITH WINDOW INSULATION

Gin millions Btus)

Hear Loss Dearee Monicy.

Mowri o Home Davs. Hear Loss
Sep 9,124 = 17 1.07
Oct - x 394 3.59
Nov . x 714 = 6.51
Dec = x 1101 10.05
Jan - x 1190 10.86
Feb = x 1,042 9.51
Mar - x 908 828
Apr - - 519 474
May 2 = 205 187

Total 56.48*

* The previous total without the
thermo-shutter reductior
Btus for the

mo-shutters was 65.17 million Brus. The

in total heat load i 65.17 - 56.45 = 5.69 million
month heating seaso

PERFORMANCE SUMMARY
Gin mif

TABLE 6-14

ions Btus)

Hear Loao

1.07
3.59
651

10.05

10.86
951
828
a7a
187

Total 56.48

Souar-Suppuin

4.a5
477
367
362
387
4.47
469
3.60
338

Dirrenence:
Nor Souan-SuspuEo

o
o

284
6.43
6.99
5.04
350
114
o

Total 26.03
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Worksheet 2
R- and U-value Calculation

A FRAMED WALL: RVALUE

115 v wing (cutsic) 017
2. Exterior siding: 1-inch rough-sawn cedar boards 125
3 figid nsulaton: -nch Styrofoam 500
4. Exterior house wrap NA
5 Exterio sheathing: inch COX plywood 062
6. Fiberglass insulation: 3 ¥:-inch fiberglass batt 1300
negligible

[

068

2136

7. Vapor barrier: 6 mil poly
8. Interior wall covering: inch drywall
9. il air (nside surface of wal)

Total Revalue:

Unvalue of wall =1/R = 0.0468 Btusfr o ft' e °F
Increase U-value i framing or bridging loss s significant): notsignificant

5. ROOF OR CEILING: RVALUE
1.15 wewt wind (outside). 017
2. Roofing material: 325# asphalt shingles 044
3. Felt roofing paper: 15# 0.06
4. Roof sheathing: ¥:-inch CDX plywood 062
5. Fiberglass insulation: 9-inch fiberglass batt 3000
6.Vapor barer -6 milpoly nsslable
7. Inside roof or ceiling covering: *-inch drywall 064
8. iil i (nside suface of oof or celing) 068
Total Revalue: 261

Unvalue of roof or ceing =1/R = 00307 Btushr o f s °F
(ncrease Unvalue if roof or ceiling framing or bridging loss i sigificant): not sgnificant
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Worksheet 1-A

House Location: Cheyenne, Wyoming (sdehill site)
Latitude: North 41°1°

Magnetic Deviation: 3° east

House Alignment: Tue south

Area (in square feet)of east-facing glass: 52

Area (n sauare feet) of west-facing glass: 55

Area (n square feet) of south-facing glass: 184

Avea (n square feet) of north-facing glas: 2

Totalarea (n square feet) o glass: 293

Area (in square feet) of glass with ighttime insulation: 160 (using thermorshutters)
Manufacturer's U-value of window lass: 0.5208  Patio gass: 0.5208

Shade Coefficient of glass: Q.88

. U-value of glass with nighttime insulation:

Area (n square feet)of exteror (heated) walls: LE16

Net area (in square feet) of exterior (heated) walls: Subiractline 9 from line 14 = 1.523
Area (n square feet) of heated lower lving:space concrete wall(in sdehilldesign): 464
Area (in square feet) of insulated flat celling (or angled ceiing i house has

2 cathedral celing): 1.120

Volume (n cubic feet) o the heated arspace of the house: 17.024

Outside Winter Design Temperature: = 15" £

. U-value of total framed wall area:

U-value of total roof/ceiling area:
Unvalue of total lower living-space concrete wall

Total heat loss from home without nighttime insulation for glass (excluding lower concrete
waly

Total heat loss from home with nighttime insulation for glass (excluding lower concrete wall:
Clearness number: 1.10

Recommended size of furnace:

. Total requirement (i kilowatt-hours) of electric backup heat:

Recommended size of woodstove:
Estimated annual fuel consumption
Required thickness of poured concrete for Solar Slab:
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TABLE 6-1

ToG Ao,
Compcrian

No Laniuoe 41°5°
(e Avperenx 4 roR souRce)

Winren Desian Tose-
FiRATURE: O°F

Square footage of glass s

south = 162
East 61
West ES
North = 10

Total = 271sq 1t
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TABLE6-7
SOLAR HEAT GAIN FACTORS
FOR 40 DEGREES NORTH LATITUDE

Mo %S Das st Som West
sep 57 30 87 1,304 781
oct 55 31 &3 1582 623
Nov 46 30 w5 159 a5
Dec a6 3 74 1114 74
Jan 6 31 a2 1626 a5)
Feb 55 28 613 1642 648
Mar 56 31 a3 138 a2
Apr 54 EY %7 o6 957
May 57 3 o 716 1024
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TABLE 6-6

ANNUAL PERCENTAGE
OF SUN
Poncace
Moy S
Septermber 57
October 55
Novernber 6
Decerber a6
January 6
February 55
March 56
Apiil 54

May 57
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TABLE 64
AREA OF GLASS
(in square feet)

South 182
East 64
West 3
North 10

Toul 271
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TABLE 6-5
TOTAL HEAT LOSS

Hear Loss

% or To

i Brushn o °F Hoar Loss
Walls 76.14 17
Roof a6.67 1"
nfitation 17477 a0
Windowss & patio doors 114 »

Total = 438.72 Btushr  °F
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TABLE 6-3
AREA OF EXTERIOR HEATED WALLS
(in square feet)

South 15'x 38 570 sqift
North ' x 38 - 302
East29'x9' + (/% 29) x 16 - 493
West = 493

ol 1898 saft
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TABLE 6-2

TOTAL WALL R-VALUE

o R

15 s wind (outsde) 017

inch rough savm cedar outside sding 125

inch tongue & groove foarmboard insulation 5,00

rinch exterior plyviood 062

3 Yainch fberglass batt nsulation 13.00

6 mil poly Negligible

Yeinch dryval 064

stllirspace (nside) 068

TotlRvaue = 21.36
Total Uvalue = 12136 = 0.0468
TOTAL ROOF RVALUE

o Q

15 s wind (outside) 017

325¢ asphalt r00f hingles 044

154 felt paper 006

v inch exterior plyviood 0&2

Ginch fiberglss bt nsulation 000

& mil poy Negligible

- inch dryial 064

stl irspace nside) 068

Total Rvaue = 3261

Total U-value = 1/32.61

00307
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Worksheet 8

Sizing the Solar Slab.

. DETERMINING THE TOTAL INSOLATION FOR YOUR HOUSE
ON A SUNNY DAY IN FEBRUARY

A Insolation for a representative February day"

Eastfacing glass 52 square feet x East SHGF Y-day total 64 Btus per square feet + South-
facing glass 184 square feet x South SHGF s-day total x 2 1.642 Btus per square feet + West-
facing glass 55 square feet x West SHGF V:-day total 648 Btus per square feet = 371,464 Btus

~Obtinyour Solr et Gain Factors SHGFS) fo ebruary from Worksheet 4, part 2
8. Peak Insolation for February day:

Multipy result from A (from above) 371.464 Btus x Shade Factor (as a decimal) 0.8 x
Clearness Number (as a decimal) 1.10 = 350577 Btus

2. DETERMINING THE PREDICTED HEAT LOSS OF THE HOUSE (WHILE COLLECTING THE-
BTUS INDICATED IN SECTION 1, ABOVE)

A. Calculate the heat loss from 7:00 s to 5:00 e as follows:

10,019 Btus/hr » °F (from Worksheet 3, lines 6 or 5, i no nighttime glass insulation is used)
24 hours per day 412.5 Btus/F » day x (68 - Average Winter Temperature for house location
(from appendix 5) 34 degrees] x 10 hours = 141,936 Btus

8.1f using a sidehill design, add the Lower Concrete Wall Loss (from Worksheet 3, ine 7)
423 Btus per hour x 10 hours = 4,230 Btus, which is the 10-hour heat loss in Btus

C. Then add A + B = 146,166 Bus

3. DETERMINING THE EXCESS AVAILABLE HEAT TO STORE IN THE SOLAR SLAB:

Total from section 1, above 359,577 Btus - Total from section 2, above 146,166 Btus =
213.411 Btus

(continued next page)
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Worksheet 1-E

30. Required thickness of poured concrete for Solar Slab: 6.5 inches
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Worksheet 8
(continued)

4. DETERMINING THE VOLUME OF THE SOLAR SLAB.

Total from section 3, above 213,411 Btus + 30 Btus/ft’  °F* + 8 degrees* = 889 cubic feet

“Specc HeatofSaar Slab (combination o 12:inchconcrete locks and poured concete overblocks)
+“Desied Masimum Temperaure Oiference

5. DETERMINING THE APPROPRIATE SLAB THICKNESS (MINIMUM 4 INCHES)

T = total thickness in feet
I =lengthin feet
W = width in feet
t = thickness of poured concrete over 12-inch blocks
Area of 1st-floor slab = 31 feet x 32.5 feet =

1008 square feet

AT = Total Volume (from section 4, above) 889 cubic feet + [0.85 x area of Tst-floor Solar
Slab 1,008 square feet (using outside dimensions)] = 1.04 feet or 12.4 inches

B.t=T (from A, above) 12.4 inches - 6 inches*

6.4 inches. Use 6.5 inches.

“12-nch locks e approxmately 50l concrete
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Worksheet 7
Backup Heat and Annual Fuel Usage Caleuls

1. NET AVAILABLE BTUS FOR VARIOUS FUELS

A, #2 fuel oi: theoretical heat energy = 140,000 Btus per galion). Assuming 70% combus-
tion efficiency, the net heat will be 0.70  140,000= 98,000 Btus per gallon.

8. Propane gas: (theoretical heat energy = 91,500 Btus per gallon). Assuming 75% combus-
tion efficiency, the net heat will be 0.75 x 91,500 = 68,625 Btus per gallon.

C. lecticity (theoretical heat energy = net heat i this case): 3,415 Btus per kilowatt-hour.

D. Split and dry hardwood: Average net heat energy i 17,000,000 Btus per cord (a cord is
128 cubic feet).

2. FOR COMBUSTION EFFICIENCY IN STEP 2, BELOW, USE THE FOLLOWING VALUES:

Ol furnace: .70
Propane gas furnace: 75

Electric rsistance heaters or electric furnace: 1.00
Woodstove: 85

3.512ING THE CONVENTIONAL BACKUP HEAT EQUIPMENT
The appropriate furnace sze (n Btus per hour)can be calculated as follows:
Step 1

Total Heat Loss (from Worksheet 3, line 5°) 1,126 Btus/F » day + 24 hiday x (72 - 15 Outsde
Winter Design Temperature* *) 87 degrees + Sidehil Lower Concrete Wl Loss*** 571 Btus per
hour

= 40,903 Btus per hour

Use T Heot Losswithoot kg ighttme st et
Gt B Tenpetu fom Worchec o1 ne
et conce wal e . e 16 64 qur et x U o e concrete s (00456 B+
o e 71 b ot

Step2

The answer from Step 1 40.903 Btus per hour + combuston efficiency (as a decimal, from section
2, above) = 40,903 Btus per hour + 70 = 58.433 Buus per hour

Rounded for smpliciy to the nearest thousand: Furnace Size = 60,000 Btus per hour”

s e ournet t bomnet.Incesse sightly fo duct and ateroses.
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Worksheet 6
House Solar Performance Summary

From Worksheets 4 and 5, enter the total monthly heat load and the figure for solar-supplied heat.
Subiract the monthly solar-supplied figure from the total heat load. If the difference s less than

 enter "0 in the last column.

Howr ot SoussSurmey Oeenc: Nor
(milons s iiions o) Soum Sumata
Moan OUWERIRET S o Womonir & miions S
Sep 250 66t ]
o 576 741 o
Nov 941 64 207
Dec e 615 504
san 1246 678 568
feb 1072 664 408
Mar 1059 661 398
Apr 734 500 234
May 460 a27 03
Total = 7457 Total = 24.42

Diference: Not Solr Supplied

Totals are:

A Total Purchased Fuel (from column 3, above)

8. Total Heat Load (from column 1, above)
. 9% Purchased Fuel (A + 8 x 100)

D. % Solr (100-©)

tus tobe suppled by purchased fuel

24420000 Btus
74570.000 Btus
24.420.000 + 74,570,000 x 100 = 33%
100-33=62%
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Worksheet 1-D

26. Recommended size of furnace: 58,000 Btus per hou (net at the bonnet)

27. Total requirement (in kilowatt-hours) of electic backup heat: 151

28. Recommended size of woodstove: 46,000 Btus per hour

29. Estimated annual fuel consumption: I all oil — 249 gallons; if all wood — about 2 cords
30. Required thickness of poured concrete for Solar Saby.
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Worksheet 7
(continued)

4.51ZING A WOODSTOVE

The recommended woodstove sze can be calculated as follows:

Step 1.

Take the average of Heat Loss (from Worksheet 3, lines 5 and 6) (11,126 Btus/ + 10,019 Btusir)
2 + 24 hours per day x (72 - ~15 Outside Winter Design Temperature) 87 degrees + sidehill
LCWL (from section 1, above) 571 Btus per hour = 38,896 Btus per hour

Step2.

Answer from Step 1 38,896 Btus per hour + 85 (combustion effciency from section 2, above) =
45760 Btus per hour

Rounded for smpliiy the nearest thousand:

Woodstove size = 46,000 8tus per hour

5. ANNUAL FUEL CONSUMPTION

Total Purchased Fuel (from Worksheet 6, ine A) + net available heat energy in Btus per galon, ko~
watt-hour, or cord (from section 1, above) = annua fuel consumption n Btus*

“Monihytotls an 350 be btined sing the ame method working with Worksheet 6, coumn 1

SUMMARY:

Annual Purchased Oil Consumption (f 100% source of backup heat):

124.420,000 Btus + 98,000 Btus per gallon = 249 galons of oi

Annual Electrcity Consumption (f 100% source of backup heat)
24,420,000 Btus + 3.415 Btus per kilowatt-hour = 2,151 kiowatt-hours

Annual Firewood Consumption (f 100% source of backup heat):
124,420,000 Btus + 17.000,000 Buus per cord + 0.5 cord (to be conservative) = 1.9 cords
To calculate the cost of these various sources of backup heat, simply multily your totas for this

section by the present rate in your area for 1 gallon, 1 kilowatt-hour,or 1 cord of spit and dried
hardwood firewood.
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Worksheet 4
Solar-Supplicd Heat Gain

1. Using appendix 6, enter the percent sunshine for your home site

Month % Sunshine
September
October
November
December
January
February
March
April

May

BERBRBEERRSB

2. From appendix 2, enter the east, south, and west half-day totals of Solar Heat Gain Fac-
torsfor your home site latitude. (Read the table from top to bottom for sunrise to noon and
from bottom to top for noon to sunset ) Assurning that your home faces south, multiply the
south half-day total SHGF by 2. Ignore the west SHGF or the am and likewise ignor the east
SHGFs for the pr (therefore, the east SHGF will equal the west SHGF).

Month East South () West
September 787 1300 787
October 23 1582 &3
November aas 1596 aas
December 374 1550 374
January 52 1626 52
February 648 1602 648
March 832 1388 82
Agril 957 976 957
May 1024 76 1024

Multiply the SHGFs given above by the area (in square feet) of glass on each elevation, and
obtain a total for each month (square feet x Btus per square foot x days per month) = Btus
per month

(continued next page)
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House Heat Loa

Worksheet 5

d Calculation

Using appendix 5, enter the monthly degree days for your house location

Monthly Heat Load (in Btus) = Total House Loss (in Btus/°F » day) x degree days + lower
sidehill concrete wallloss or LCWL (from Worksheet 3, line 7) 423 Btus per hour x 24 hours
days per month

I this is a sdehil design, first calculate the monthly heat 1os through the lower concrete wall

(MCWL) s follows:
o Mow,

Mow  Gnows) Hous rxonr D o o miions o )
sep a3 x 24 bours x 30025 = om
o a3 x 24 bours x 310aps = om
Nov a3 x 24 bours x 30Days = om
oec a3 x 24 bours x 31Daps = on
Jan 23 x 24 bours x 31 Days = on
feb 23 x 24 bours x 2802y = om
Mar 23 x 24 bours x 31 0aps = on
Aor a3 x 24 bours x 30Days = om
My a3 x 24 bours x 31 0aps = on

o Hous Husr Loss Maw. Moy Hoss Lowo

Mo nsws Dcc D miliorsof B (mitionof sts)
sep 0o x 29 + 0:0 = 250
oa - x 543 . 03 = 576
Nov . x %09 . 030 = 941
oec . x s . 031 119
san . x o am . 03 = 12
feb . x o . 028 1072
Mar . x s . 03 = 108
Aor : x 02 . 030 734
May : x a8 . 031 450
Total - s
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Worksheet 4

(continued)
52 T8 55

Soumk st Soomn rr Soumt st

o G o Som Guss or e Gus o

ek SHGE X Pt ST SHGF x i milens
Mo Das o Mo v i Mo B e Mo o
sep 30 123 . 742 . 130 995
oa 3 100 . 902 . 106 nos
Nov 30 069 . 81 . 073 1023
e 31 060 . 80 . 064 1008
B3 073 . 927 . 077 1077
o 28 095 . 845 . 101 1042
Mar 31 134 . 792 . 142 1068
Ao 30 149 . 539 . 158 = 8ds
May 31 165 . 408 . 175 748

Tabulate the Solar Heat Gain for each month. Multily the percentage of i

monthly total Btus x the Shade Factor x the Clearness Number:

unshine x the

Mo % S LR — Suoe Coames Tom
s decima) rom above) Facton Nowsn (mionsofbus)
Sept 08 x 995 x 08 x 110 = 664
oa 06  x 108 x 08 x 110 = 741
Nov 06 x 1023 x 08 x 110 644
Dec 063 x 1008 x 08 x 110 615
™ 06 x 1077 x 08  x 110 6%
feb 06 x 1042 x 08  x 110 664
Mar 064 x 1068 x 08 x 110 661
Ao 061 x 84 x 08 x 110 = 500
May 059 x 798 x o8 x 110 427
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