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~~NOTICE ~~

This is NOT a free book. You may NOT forward this book to anyone else. You do NOT have resale rights for this book. We will
take aggressive legal action against anyone violating these terms. If you have purchased this book from anywhere other than the
main product website, including eBay, please inform us right away.
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Legal Disclaimer

The authors and publishers both disclaim liability regarding any loss or risk incurred as a direct, or indirect, consequence of the
application and usage of any of the contents within this Do It Yourself (DIY) instructional material.

Copyright

Those who have received or purchased the DIY instruction manual are neither authorized nor permitted to transmit copies of this
file to anyone without written permission. Giving away copies to people who haven’t paid for them is illegal under international
copyright laws and will submit you to possible legal action. Therefore, the utilization of this file is limited to personal use only.

Power4Patriots.com Terms & Disclaimer

By using, viewing, and interacting with the DIY guide or the Power4Patriots.com website, you agree to all terms of engagement,
thus assuming complete responsibility for your own actions. The authors and publishers will not be held liable or claim
accountability for any loss or injuries. Use, view, and interact with these resources at your own risk.

All products from Power4Patriots.com and its related companies are strictly for informational purposes only. While all attempts
have been made to verify the accuracy of information provided on our website and within the publications, neither the authors
nor the publishers are responsible for assuming liability for possible inaccuracies.

The authors and publishers disclaim any responsibility for the inaccuracy of the content, including but not limited to errors or
omissions. Loss of property, injury to self or others, and even death could occur as a direct or indirect consequence of the use and
application of any content found herein.

Working on home improvement projects and with renewable energy sources is dangerous. Since you are dealing with electricity,
high roof tops or towers, and numerous other unknown conditions, seek expert opinions and help where necessary. The authors
and publishers assume that, while carrying out your DIY project, you are aware of all the risks and possible damages associated
with home improvements and renewable energy.

Check with your town, city, state, province, county or country for applicable laws about home improvements and alterations.
Often, it is necessary to obtain local government permits and licenses to prevent legal implications. We also recommend that you
call your local electrician, and other professionals, to assist in your DIY projects. Failure to do so could cause injury or death -
you are acting at your own risk.

Before performing any home improvement or renewable energy project you should first check with your insurance carrier,
homeowners association or any other persons or associations that may need to approve such work. Insurance coverage and
premiums may be affected by home alterations and so you need to check with your insurance agent first. All Power4Patriots.com
information is intended for adults above the age of 18 years only.

By choosing to use the information made available by Power4Patriots.com or within any of our publications, you agree to
indemnify, defend, and hold harmless the authors, publishers, and any other related companies from all claims (whether valid or
invalid), judgments, suits, proceedings, losses, damages, and costs or expenses of any nature whatsoever that result from the use
or misuse of any information provided.

The information provided may need to be downloaded using third party software, such as Acrobat or Flash Player. It’s the user’s
responsibility to install the software necessary to view such information. Any downloads, whether purchased or given for free
from our website, related websites, or hosting systems, are done at the user’s own risk. No warranty is given that websites are
free of corrupting computer codes, viruses or worms.

If you are a minor, you can use this service only with permission and guidance from your parents or guardians. Children are not
eligible to use our services unsupervised. Furthermore, Power4Patriots.com specifically denies access to any individual covered
by the Child Online Privacy Act (COPA) of 1998.

Remember...Safety First!

2012 © Copyright 72 See

www.power4patriots.com www.power4patriots.com/shop



Table of Contents
Section 7

Do It Yourself
Solar Heater Guide

INtrodUCTION ... 7-4
How Does Solar Heating Actually Work? ...........ccccceveeeen. 7-7
Useful Solar Definitions ...........ceeeiiiiiiiiiiiieeeeiis 7-8
Major Forms of Solar Heating................ooooiiiiiiiiiiiinnee 7-11
Solar Heater Designs ........ceeeiiiiiiiiiiiiiiiieeeee 7-12
Common Modifications of the Trombe wall ................ 7-13

Recommended Design Elements

(Temperate Climates).........coooovviiiiiiiiiiiiiiieeeeeeeeee 7-14
Factors that can Degrade Thermal Performance....... 7-15
Planning Your Solar Heater Installation........................... 7-16
Sizing Your Solar Heater..........cccccooiieiiiiiiiiicie 7-17
Payback (Short and Long Term) ...........ooooiiiiiiiiiiiiinnee. 7-23
Other Ideas and Further Enhancements ......................... 7-24
Measuring Internal Temperatures .............cocoevveeeenee. 7-24
Usinga Blower Fan ..., 7-24
Appendix - Heating Degree Day Estimates...................... 7-25
Appendix - Heating Degree Day Estimates (cont)........... 7-26
Appendix - Heating Degree Day Estimates (cont)........... 7-27
Appendix - Heating Degree Day Estimates (cont)........... 7-28
Appendix - Load to Collector Ratios ............cccoovvvveriinnnnnes 7-29
Appendix - Load to Collector Ratios (cont)...................... 7-30
Solar Energy Tax Credits ........cccccovieeiiiiiiiiiiie 7-31
7-3

2012 © Copyright
www.power4patriots.com

See

www.power4patriots.com/shop



Introduction

There was a time when man's only source of heat was the sun, and when the sun went
down at night, so went man’s source of heat. Later, man discovered fossil fuels such as coal, oil,
and natural gas, and was able to harness these fuels to produce heat, both for warmth as well as
for cooking. As electricity was discovered, it too was harnessed to provide a source for heating.
But there's a problem with sources, such as coil, oil, natural gas, and even electricity. The
problem is that these sources have increased in cost over time as demand has grown and capacity
in many cases has remained steady. As well, we’re entering a new era, where many are looking
to “go green” and where lowering one’s footprint is no longer taboo, but is actually fostered
among many in society. Today, millions of homes around the world have been built to utilize the
sun for heating and electrical needs. Solar heating has been around for a very long period of time
and it's not until recently that it's becoming looked at again as a viable, efficient way to heat your
home and to save money at the same time!

In the United States alone, heating, ventilation, and air conditioning (HVAC) systems
account for over 25% of the energy used in commercial buildings and almost 50% of the energy
used in residential homes. This guide will focus on the use of Solar Heating to offset a portion or
all of the energy associated with heating a home, building, cabin, RV, or other vented structure
requiring heat.

Solar Heating represents a specific use of deriving heat from the sun and falls under the
general name of Solar Thermal Collection. We’ll note, however, that the same principles apply
to the heating of water, also called Solar Water Heaters. The term solar Thermal Collectors or
Solar Collectors generally refers to larger and more complex applications, such as those used in

commercial power plants. From this point forward, we’ll be referring to the heating of air
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through solar energy as simply Solar Heating.

Solar Heating has been used for a long, long time. In fact, in the period from 100 to 400
AD, the Romans built many of their bath houses with large walls facing the south and windows
to allow heat to pass through. They also built large stones that would build up during the day and
radiate that heat at night. In 600 AD, sun rooms on homes and public buildings became so
common, that laws are passed allowing for "sun rights", so that buildings had access to the sun.
In fact, these laws were recorded under the Justinian Code.

In the 1760’s, Horace de Saussure, a noted Swiss naturalist observed, “It is a known fact,
and a fact that has probably been known for a long time, that a room, a carriage, or any other
place is hotter when the rays of the sun pass through glass...” So, de Saussure set out to prove the
effectiveness of trapping heat with glass covers. He built a rectangular box out of half-inch pine,
insulated the inside, and had the top covered with glass. Upon exposure to the sun, the bottom
box heated to 228 degrees! In his day, de Saussure was unsure of how the sun heated the glass
boxes. Today, we know that the sun penetrated the glass covers and having no place to go, was
converted to heat.

Though clear glass allows the rays of the sun to easily enter through it, it prevents heat
from leaving. Its inventor, de Saussure realized that someday the “hot box” would have
important practical applications, as "it is quite small, inexpensive and easy to make..." Indeed,
the “hot box” has led to the design of solar collectors, which have provided sun-heated water and
air to millions ever since.

In the 1970’s, hundreds of energy conscious designers, engineers, and handymen
experimented with a multitude of solar heater designs, many of which led to thousands of homes

and structures around the world being fashioned with cost-cutting and environmentally friendly
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solar heating units. If you recall, in the 1970’s, the U.S. was facing an energy crisis, hence the
innovation and use of “green technologies” that took shape. Once in the 1980’s, America moved
back into a period of excess and soon forgot about the efficiencies learned just a decade earlier.

While there are several different designs that have been created and refined to capture solar
energy for heating, we’ll be focusing on a couple of different types in this guide series. The first
is a very simple ‘window box’ design and the second is a current modification of the ‘Trombe
Wall’ design. In fact, a Trombe wall is actually a sun-facing wall, built from material that can act
as a thermal mass (such as stone, metal, concrete, adobe, or water tanks), combined with an air
space, insulated glazing, and vents to form a large solar thermal collector. It is named after the
French inventor, Felix Trombe, who popularized the design in 1964 although Edward Morse had
patented it back in 1881.

The Trombe wall is comprised of a large air channel that is sandwiched between a window
and a sun-facing thermal mass. During the ventilation cycle, sunlight stores heat in the thermal
mass and warms the air channel causing circulation through vents at the top and bottom of the
wall. During the heating cycle, the Trombe wall then radiates its stored heat. Sunlight passing
through the glazing generates heat which conducts through the wall. Warm air between the
glazing and the Trombe wall surface can also be channeled by natural convection into the
building interior or to the outside, depending on the building's heating or cooling needs.

No matter where you live, or what your living situation may be, solar heating can definitely
serve you and lower your fuel costs. Solar heating is easiest in the south where heating needs are
less. It's slightly more difficult in the north, where heating needs are greatest. However, the time

and cost involved in building simple or complex systems makes solar heating far worth it.
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How Does Solar Heating Actually Work?

During the day, sunlight shines through a clear surface, like glass (called glazing) and hits
a surface (called the thermal mass), warming it by absorption. When the sunlight enters the
glazing, it can’t escape, and while building up, the energy is converted in heat. The air between
the glazing and the thermal mass warms, via heat conduction. Hot or even warmed air rises
through a process of natural convection. The warmed air moves through vents at the top of the
wall and into the living area. This process pulls cooler air from the outside or bottom portion of
the living area through vents near the bottom of the wall.

During the day, heat is produced continuously, as long as the sun shines on the thermal
mass. When the sun stops shining, the thermal mass begins cooling. As the air temperature
comes down, the natural convection process slows, and then stops. At night, a one-way flap
located on the bottom vent prevents the movement of warmer air (now inside the structure) from
going back outside (called backflow), which would lead to a cooling of the living space.
Depending on the type of material used, heat stored in the thermal mass will continue to radiate
into the living area throughout the night.

Modern day vents are an addition to the original Trombe wall design, which relied entirely
on conduction through the thermal mass to move heat into the living area. In the original design,
the majority of the heat collected during the day, radiated back through the glazing at night or on
an overcast day. This problem is best addressed by adding insulation between the collector space
and the thermal mass, and arranging for the thermal mass to be heated by the air circulating
through the collector space via the one-way flaps. This change avoids the massive loss of heat at
night or on overcast days. Modern passive solar design emphasizes the separation of collectors

and thermal masses. Generally, vents to the interior are closed in summer months when heat gain
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is not wanted.

Additionally, the design was popularized through an insulated or “glazed” heavy wall. As
before, sunlight would shine through the insulated glazing and warm the surface of the thermal
mass. However, at night, heat was trapped due to the insulated glazing, keeping the average
temperature of the thermal mass significantly above the average outdoor temperature. If the
glazing insulates well enough, and outdoor temperatures are not too low, the average temperature
of the thermal mass will be significantly higher than room temperature, and heat will continue

flowing into the living space.

Useful Solar Definitions

Thermal Mass refers to the substance within the solar heater that stores heat. Thermal
mass (Cth, also called thermal capacitance or heat capacity) is the capacity of a body to store
heat. It is typically measured in units of J/°C or J/K (which are equivalent). If the body consists
of a homogeneous material with sufficiently known physical properties, the thermal mass is
simply the mass of material present times the specific heat capacity of that material. For bodies
made of many materials, the sum of heat capacities for their pure components may be used in the
calculation, or in some cases (as for a whole animal, for example) the number may simply be
measured for the entire body in question, directly.

Thermal mass materials store solar energy during the day and release this energy during
cooler periods. Common thermal mass materials include stone, concrete, and even water. When
considering the proportion and placement of thermal mass, one should consider several factors
including climate, hours of daylight, and shading conditions. When properly incorporated,

thermal mass can passively maintain comfortable temperatures, while reducing energy
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consumption.

Thermal mass as a concept is most frequently applied in the field of building design. In this
context, thermal mass provides "inertia" against temperature fluctuations, sometimes known as
the thermal flywheel effect. For example, when outside temperatures are fluctuating throughout
the day, a large thermal mass within the insulated portion of a house can serve to "flatten out" the
daily temperature fluctuations, since the thermal mass will absorb heat when the surroundings
are hotter than the mass, and give heat back when the surroundings are cooler. This is distinct
from a material's insulation value, which reduces a building's thermal conductivity, allowing it to
be heated or cooled relatively separate from the outside, or even just retain the occupants' body
heat longer.

A Solar Chimney (or thermal chimney) is a passive solar ventilation system composed of
a hollow thermal mass connecting the interior and exterior of a building. As the chimney warms,
the air inside is heated causing an updraft that pulls air through the building. These systems have
been in use since Roman times and remain common in the Middle East.

Heat is transferred either by conduction or convection. In the case of solar heating of air, natural
convection occurs; whereas for water, the process is called conduction.

Glazing is the transparent part of a wall, which is commonly made of glass or plastic
(acrylic and polycarbonate). Common types of glazing used in architectural applications include
clear and tinted float glass, tempered glass, and laminated glass as well as a variety of coated
glasses, all of which can be glazed singly or as double, or even triple glazed units. Glazing is
commonly recommended in solar thermal collectors, because it results in an increase in the sun's
radiosity. In this case, it involves fitting the selected solar collector cover material to the frame to

form a weather- resistant seal while providing for expansion and contraction of the different
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materials being

assembled. Plastics will generally not fracture, but they expand and contract more than glass
does over the same temperature range. Remember that if you tilt glass or other flexible materials
from the vertical position, their weight causes them to start deflecting or sagging. Therefore, the
size of the piece is an important consideration. It is also important to support the glass if your
panel is tilted.

Conduction is the movement of heat through a solid material from a warmer side of an
object to its cooler side. The rate of heat exchange depends upon the temperature difference
between the two sides. The resistance that a material presents to conductive heat transfer is called
its R-value. Wood, for example, has a higher R-value than metal. If you stir soup with a metal
spoon you'll find the heat is transferred rapidly up the spoon whereas with the opposite is true
with a wooden spoon.

Convection is the transfer of heat by a moving stream of air or water. If air in a room is
warm, it expands, becoming wider and rising to the ceiling. And then it dissolves some of the
heat to surrounding objects, becomes cooler and heavier and returns to a lower level. This pattern
of air movement is also known as the convective loop. The convective loop also takes place
inside un- insulated walls. Air moves up the warm interior wall and falls down the exterior wall
as it cools. In a poorly insulated house with lots of air leaks, a great deal of energy is wasted in
heating the already too hot area near the ceiling to maintain a comfortable air temperature near
the floor. In such cases, insulation and weather stripping should be looked at.

Radiation is the transfer of heat across an open surface or space without changing the
temperature of the air in the space. A warm object will radiate electromagnetic waves to any

colder object that it "sees". Radiant heat is the heat that warms your front when your face a hot
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campfire and warms your back as you turn around. On a clear cold night, the roof of the house
radiates heat to the sky and can actually become colder than the outside air. Radiant heat losses
are very site specific which means that if the sky is cloudy where you live, your home will heat
mostly by convection, but if you live at a high altitude or where the sky is clear at night, your
home's radiant heat losses will be increased. Your first priority to keeping warm is to minimize
heat losses from your home by first caulking or weather stripping around doors, windows, and
other openings where cold air may infiltrate your home.

Up to the 2/3 of a home heat loss can happen through un-insulated walls and ceilings as
heat travels through them by conduction, convection and radiation. It is important to note that
single pane windows can also lead to major heat loss. In colder climates, double pane glass is

definitely recommended.

Major Forms of Solar Heating

There are two main types of solar heating systems...passive and active. Passive systems
operate without blowers or dampeners to regulate the movement of heat. They work by the direct
absorption of the sun's energy by a thermal mass located in the living space, or by an exterior
collector that works through natural convection. Passive systems cost nothing to operate, but can
require manual operation of dampeners and vents.

Active systems on the other hand use electrical devices to move heat. Usually they are
more easily added onto an existing structure, and can be completely automated. Passive style
solar heaters are typically used in either external Trombe wall designs, or as window heaters.
There is a third type of solar heating system called a hybrid system; however, this type will not

be discussed in this guide.
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Sunlight is radiant energy which is composed of short and long waves. Most of the sun's
energy is in short wave radiation, but it is the sun's long wave radiation that warms us when we
sit outside in the sunshine. Glass or any other clear glazing material let's almost all of the short
waves solar radiation pass through, but very little of the long wave heat radiation. Lots of short
waves pass through the glass and strike a solid non-transparent surface, upon which they turn
into long wave heat radiation and cannot escape back through the glass. A good example of this
effect is in a car parked in the sunshine for several hours. The interior will most noticeably have
an uncomfortably hot interior. The same things happen in greenhouses, hence the term
greenhouse effect.

Passive collectors, like passive solar systems, are self-operating, silent and quite efficient.
Thermosiphoning air collectors operate by natural flow of warmed air and must therefore be
located below or at the same height as their point of use. Sunlight entering the collector becomes
heat on the absorber surface. This heat is transferred into the air in the collector which rises and
enters the living area, pulling cooler air from the room back into the bottom of the collector. The
more intense the sunlight, the hotter the collector becomes and the more forcefully the
convective loop moves. At night, a reversal of this loop must be prevented. During the evening
hours, warmer air will want to settle back down and then may actually then pull warm air from

the building or structure back into the solar heater.

Solar Heater Designs

Window box solar collectors are one the simplest solar heating devices you can build.
They're quite small in relation to the size of the room they're heating. They don't provide a great

percentage of the house's total heating needs unless several are used. These heaters provide a
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slow continuous flow of heated air into the adjoining rooms. They are self-operating and when
properly built have an advantage over other solar heating devices in that no dampeners of any
kind are needed to prevent night time heat losses. Their best application is on homes with wide
south-facing double hung windows that are four feet or more above ground level. They can be
installed on other tracts of windows, but the modifications required are more difficult and often
expensive and unattractive. If the windows are less than four feet from the ground, the natural
convection that moves air through them and into the house will be weak and the collectors won't
perform as well as they could. Since window box heaters are fairly small and act as a
supplemental heat source, no heat distribution or storage is incorporated into their design. They
don't involve any major modifications to the house and don't sacrifice any south-facing exposure,
that later may be desired for a larger collector.
Another style is called the Trombe Wall design. For detailed information on this design,

see Solar Heater Guide 2 — Trombe Wall Design
Common Modifications of the Trombe wall

Exhaust vent near the top that is opened to vent to the outside during the summer. Such

venting makes the Trombe wall act as a solar chimney pumping fresh air through the

house during the day, even if there is no breeze

Windows in the Trombe wall. This lowers the efficiency but may be done for natural

lighting or aesthetic reasons. If the outer glazing has high ultraviolet transmittance, and

the window in the Trombe wall is normal glass, this allows efficient use of the

ultraviolet light for heating. At the same time, it protects people and furnishings from

ultraviolet radiation more than do windows with high ultraviolet transmittance
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Electric blowers controlled by thermostats, to improve air and heat flow
Fixed or movable shades, which can reduce nighttime heat losses
Trellises to shade the solar collector during summer months
Insulating covering used at night on the glazing surface
Fish tanks as thermal mass
Using a selective surface to increase the absorption of solar radiation by the thermal
mass.

Recommended Design Elements (Temperate Climates)
Orienting the building to face the equator (or a few degrees to the East to capture the
morning sun
Extending the building dimension along the east/west axis
Adequately-sizing windows to face the midday sun in the winter, and be shaded in the
summer
Minimizing windows on other sides, especially western windows
Erecting correctly-sized, latitude-specific overhangs, or shading elements (shrubbery,
trees, trellises, fences, shutters, etc)
Using the appropriate amount and type of insulation including radiant barriers and bulk
insulation to minimize seasonal excessive heat gain or loss
Using thermal mass to store excess solar energy during the winter day (which is then
radiated during the night)
The precise amount of equator-facing glass and thermal mass should be based on
careful consideration of latitude, altitude, climatic conditions, and heating/cooling

degree day requirements, and is outside of the scope of this Solar Heating Guide.
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Factors that can Degrade Thermal Performance
Deviation from south facing orientation in the northern hemisphere and north facing
orientation in the southern hemisphere
Installing glazing where solar gain during the day and thermal losses during the night
cannot be controlled easily (for example, west facing units, skylights)
Using non-insulated or unprotected glazing
High building surface area to volume
Too many corners
Inadequate weatherization leading to high air infiltration
Lack of or incorrectly-installed, radiant barriers during the hot season
Insulation materials that are not matched to the main mode of heat transfer (e.g.

undesirable convective/conductive/radiant heat transfer)
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Planning Your Solar Heater Installation

The design instructions within these guides work well for homes and living spaces of most

any size. In this section, we’ll walk through some simple methods for calculating the size of the

solar heater that you’ll need.

But first, we feel it’s important to offer a special note about efficient heating and cooling of

living spaces. Did you know that many homes in colder or windier climates can lose as much as

50% of their heat through leaks around windows, doors and joints? In order to use heat

effectively, you'll want to make sure that your home is tightly sealed and insulated.

Figure 1 - Recommended R-values per Region within the U.S.
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Insulation is KEY to trapping heat. A home that's not well insulated will leak heat,
therefore requiring more energy in order to heat the home and keep you comfortable. Leaks
should be sealed with caulk or weather-stripping, which is a very easy and inexpensive way to
increase efficiency and lower your costs. To locate air leak, simply pass a lighted candle over the
surface...perhaps where a window frame meets the wall or where a door frame meets a wall or
where a door frame meets the exterior side. If the candle begins to flicker, that's an indication
that there's air movement in that location. Once you've spotted a leak, clean the crack
completely, and then fill with some beads of caulk or rubber weather-stripping purchased at a
local home repair store. You may also do this around your home, taking some masking tape and
marking each of the area in which you're finding leaks and then go back in a second pass and
seal those areas up. This sounds so simple; however, we can’t stress this enough, given the
number of homes that are still not adequately sealed against the elements and heat loss.

Selecting the most economical size for your solar heater is not difficult once you know the
following factors:

1. The number of BTU's needed to heat your home

2. The climate, which includes the solar radiation and ambient temperature.
3. The operating efficiency of the system

4. The percentage of the heating load that the solar heater(s) will provide

Sizing Your Solar Heater
The quality of insulation, otherwise known as solar radiation, which you hope to capture
with your solar system, varies substantially throughout the United States. Surprisingly, if you

could collect sun light before it enters the earth's atmosphere; we'd find approximately 427
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BTU's per square foot per hour available for our needs. But as this radiation passes through the

atmosphere, it loses intensity, due to the orientation of the earth and the absorption and scattering

of radiation by cloud, vapor, dust, smoke, etc. The influence of these factors is greater in winter

months in northern latitudes, where the sun travels lower in the sky and must pass through more

of the atmosphere to reach these areas at these times. Also, you would expect increased pollution

near large cities or industrial complexes to negatively affect the amount of solar radiation

available. In fact, ratings can vary by as much as 20%, even within a few miles.
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Figure 2 - Climate Regions broken out in the U.S.

Climatic Regions

The continental United States can be divided into four general climatic
regions. Each region is defined by general weather patterns which help to

identify the priorities of home energy usage.
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Heating needs are calculated for the coldest months of the year, which for most places is
November through April. Because of variances in the sun’s energy mentioned above, the yearly
total solar radiation estimate cannot be used. Instead, solar radiation for the 6 month heating
season should be plotted and computed on a map using what’s called Langley intervals. This
provides a measure of the sunshine or solar fuel that could be expected for each zone across the

U.S.

Figure 3 - Mean Daily Solar Radiation as represented in Langleys

Because of the amount of cold weather or load varies throughout the country, this load is
the next variable that must be calculated. One method commonly used is called the ‘Heating
Degree Day’, which is a unit of measurement representing a 1 degree difference between a base
temperature of 65 degrees and the average outside temperature for a 1 day period. If the average
outside temperature for 24 hours is 20 degrees, that day will have 45 degree-days (65-20=45).
For instance, Duluth, Minnesota averages 9,250 heating degree-days a winter, while Los Angeles

averages 2,060.
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Sixty Five Degrees was chosen because that is the temperature where home heater use
begins to kick in and become needed. The farther below 65 degrees, the temperature falls, the
more heat will be required to make a house comfortable. In another example, Boston maintains
an average daily temperature is 44.9 degrees during November. This figure (the average daily
temperature) is subtracted from 65 degrees to give the daily degree day reading. In this case, 20.1
(65-44.9=20.1) multiplied by 30, which is the number of days in November, provides the total
heating degree days for Boston for the entire month of November, a total of 603. Adding the
monthly reading for the November through April period totals 5,005.

If you know your heating load or can calculate it by analyzing your actual fuel bills, all the
better. If not, an assumption of the load must be made based on historical averages. To do this,
we use the heating degree day calculation from above. When home furnaces are installed, they
are generally oversized. Design temperatures on based on the rating of 15 degrees above the
lowest temperature ever recorded by the meteorological station in that area. This low temperature
condition seldom occurs, resulting in unused heating capacity. So let's walk through an example.
Assume that you have a 2,500 square foot home in Grand Junction, Colorado, which you
determined uses 900,000 BTU's of fuel per day during the month of December, based on an
actual fuel bill. Looking at a table, Grand Junction typically has 1,113 heating degree days in the
month of December or 36 degree days in a 24 hour period (1113 divided by 31days). You can
now calculate the number of BTU's per degree day, per square foot that your home requires. For
instance, 900,000 divided by (36x2500) equals 10 BTU's per degree day, per square foot. The
average American home is not well insulated and would have a reading in the range of 12 to 20
BTU's per degree day, per square foot. So let's continue our example. Again, with our 2,500

square foot home in Grand Junction, Colorado, with a thermal load of 10 BTU's per degree day
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per square foot, we calculate a total building load of 25,000 BTU’s per degree day (2500x10).

For a table showing heating degree days for the most common cities, see the Tables located
at the back of this guide.

If you want your solar heater to produce 50% of the heating for the living space, then you
would calculate the amount of collector space needed as follows:

25,000 / 46 = 536 sqft of collector needed (where 46 is the BTU’s per degree day per sqft
of collector as a percentage of usage...this figure is taken from the Load Ratio table at the back of
this guide).

The last consideration is whether you have access to alter the outside of the structure. If so,
we would recommend the Trombe wall design. If however, you are living in a condo or
apartment, then the window box will be your best choice.

The advantage of building your own solar heater is that you can adjust it any way you
want. Nobody knows your home as well as you do and with the ideas presented in this guide,
you'll be prepared to build a system to best fit your needs. It's important to know that if you can
build a birdhouse...even a simple one, you are well-equipped to build your own window solar
heater.

You may wish to incline your solar heater. Ideally, your solar heat collector would remain
perpendicular to the sun's rays for maximum efficiency. For those living in northern most areas,
the sun will be lower on the horizon. For those living closer to the equator, the sun will be higher
in the evening sky. For simple designs simply orient the solar heater to be perpendicular with the

suns placement in the winter sky.
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Figure 4 - Seasonal Rotation of the Sun

Did you know that you can even calculate your solar heater’s position based on the moon?
Most folks know that a full moon shines in the sky directly opposite the sun. That's what makes
it full! The full moon rises as the sun sets during fall harvest because day and night are of equal
length during this time of the year. When day and night are of equal length, the full moon rise
will be slightly before or after sunset. What few people realize is that the moon also changes it's
altitude above the horizon in a pattern identical to that of the sun. The "lunar window"
corresponds almost exactly to the "solar window" at a given site and only varies from it by a
maximum of four degrees. The moon however completes it’s up and down motion throughout
the sky every month, whereas it takes the sun a year to complete this cycle. If you use the moon
to check for sun angles, do it as close to the solstice or equinoxes as possible, and do it within
two or three nights of the full or quarter moon. The transient moon travels the same path
throughout the sky for only three or four nights, while the winter sun follows approximately the
same path for three months. While you are at looking at moon shadows, locate the Big Dipper
and Polaris, the North Star. Since Polaris is located due north of all sight in the northern
hemisphere, it becomes very easy to locate true south and you don't have to use a compass and a
magnetic variation chart to point your solar collector in the right direction.
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Payback (Short and Long Term)

Once your home is properly weatherized and you've located an appropriate place to install
your collector, your next consideration is payback. Payback is an important look at the length of
time it will take to recover your investment through a reduction in heating fuel costs. The most
straightforward calculation includes factoring the total cost of the construction of your solar
heater balanced with the monthly or yearly cost to heat your home. For example, let’s say your
Solar Heater unit costs $100 to build and was providing 40% of your heating needs. With a final
heating bill of $50, it would take a little over two months to recoup the cost of your solar heater
installation. There’s an even bigger reason for building a solar heater though... A study by some
folks at the Small Farm Energy Project in Harrington, Nebraska, looked at a great number of
solar installations on both homes and commercial structures. They came to some pretty amazing
conclusions. Namely, they found that almost without exception, builders of do-it-yourself solar
heaters saved on average 20% of their fuel bills over and above the savings that can be traced to
solar heat delivery! Even small systems that couldn't have provided the owners over 10% of their
need saved these folks 30% on their fuel bills.

A change in attitude and involvement was undoubtedly the source of this "free heat". Once
the homeowners built their own solar heating system, they realized that they weren't helpless in
the face of skyrocketing fuel costs and had become even more energy conscious!

They started doing small things like closing the door when going out for the dog, or turning
down the thermostat every night or waiting until the solar heater had warmed the shop before
starting work in the morning. All these small things added up to dramatic savings. This just goes
to show that careful economic analysis certainly isn't the only way to look at the effectiveness of

solar heating.
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Other Ideas and Further Enhancements

Below is a list of other tricks, tips, and ideas for enhancing your Solar Heater. Many people
decide to modify their solar heaters to better fit their unique needs. We hope this section will

provide you with some additional thoughts as you build and install your own solar heater.

Measuring Internal Temperatures

You may decide to use a thermometer to determine the inside air temperature of your solar
heater. If you do this, make sure you get a thermometer that will handle temp ranges upwards of
220 degrees. Although it sounds very high, solar heaters can produce substantial internal

temperatures during the day.

Using a Blower Fan

A solar heater that simply collects heat and uses thermosiphoning only to heat a structure is
called a Passive Heater. You may decide to install a fan into the output vent and move to an
active heater. When you do, you’ll actually move more air into the heated space of your home or
building, however the temperature will drop slightly from a passive heater. This is not a concern,
especially if the solar heater is producing high temperatures in the first place. When installing a
fan, consider wiring it to a small battery connected to a small solar panel (if you’re not using one
already), in order provide ongoing free electricity.

Additionally, you may decide to wire a thermostat to the unit and fan blower, so that the

fan does not come on until the internal temperature rises above a threshold, say 110 degrees.
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Appendix - Heating Degree Day Estimates

Figure 5 - Heating Degree Day (Alabama thru Georgia)
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Appendix - Heating Degree Day Estimates (cont)
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Appendix - Heating Degree Day Estimates (cont)

Figure 7 - Heating Degree Day (Montana thru Oregon)
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Appendix - Heating Degree Day Estimates (cont)

Figure 8 - Heating Degree Day (Pennsylvania thru Wyoming)
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Appendix - Load to Collector Ratios

Figure 9 - Load to Collector Ratios
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Appendix - Load to Collector Ratios (cont)

Figure 10 - Load to Collector Ratios (cont)
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Solar Energy Tax Credits

It is important to note that SolarHeaterDesigns.com does NOT provide any Tax or IRS
advice. Nothing in this or other documents is intended as tax or legal advice. You should consult
a tax professional for Federal, State or Local tax laws.

For Solar Tax Credit and Rebates, see this website for the latest information at DSIRE,
http://www.dsireusa.org/ *DSIRE is a comprehensive source of information on state,
local, utility, and federal incentives that promote renewable energy and energy
efficiency.

For specific tax forms involving solar, see Tax Form 5695 at
http://www.irs.gov/pub/irs- pdf/f5695.pdf

The general link to IRS forms and publications can be found here,
http://www.irs.gov/formspubs/

For our friends in Canada, see the Retrofit Grant, by going here,
http://oee.nrcan.gc.ca/publications/infosource/pub/ecoenergy-retrofithomes/retrofit-
qualify-grant.pdf

Additional information for our Canadian friends can be found here,
http://oee.nrcan.gc.ca/residential/personal/retrofit-homes/retrofit-qualify-grant.cfm
For those in Latin America, Europe, Asia and Africa, please see the following website,

http://www.solarthermalworld.org/
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