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Week  9

Chapter 25: Passive Solar Construction  

The textbook for this course is: Modern Carpentry, Essential Skills for the Building Trades. By Willis H. Wagner and Howard Bud Smith, Published by the Goodheart-Willcox Company Inc., Tinley Park, Illinois (2008) ISBN 978-1-59070-648-0
The second half of this textbook will be covered in this course with the first half of the textbook covered in Construction Technology I.  

Please Read Chapter 25 from pages 757-776 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

If you could find a heat supplier that would charge you nothing to keep your home warm and cozy, would you think that was a great deal?  Well, sunshine is free and it can be used for home and business heating; however, careful planning is required with an understanding of how to capture solar when it is most needed.  Solar technology continues to develop into new and creative ways to take advantage of sun energy.

25.1 How Radiation and Heat Act

Solar radiation is transformed into heat energy by striking a surface.  It can travel through glass almost as well as it travels through the atmosphere.  Heat energy, however, does not readily pass back through the glazing (window glass).  This is called the greenhouse effect. See Figure 25-1.  The basis of solar construction is how heat moves from place to place.  Here is a rule:  Heat always travels from an area of higher temperature to one of lower temperature.  That is why heat warms up a cold room.  Heat travels in three different ways:  conduction, convection, and radiation.

25.1.1 Conduction

In conduction, one part of a solid body must be in contact with a heat source.  Then the heat travels point-by-point through the solid material, gradually heating the whole body of material.  See Figure 25-2.  When the sun strikes the concrete block, eventually the whole block becomes hot.  The kinetic theory of matter explains this.  The molecules making up the concrete become more active and they become warmer causing them to move farther and faster.  They bump into other molecules.  This contact moves the heat from one molecule to another.

25.1.2 Convection

Convection occurs only in fluids and gases.  Heat causes the fluid or gas to expand and become lighter (less dense).  Lighter (warmer) elements always rise and cooler elements sink.  Through this constant motion, heat moves through a liquid or a gas, such as air.  That’s why it is warmer at the ceiling while the floor is cold.  See Figure 25-3.  Fireplaces use convection.  Warm air exits the fireplace and rises to the ceiling as cooler air from the floor is drawn in. 

25.1.3 Radiation

Radiant energy moves through space in waves.  When the wave strikes a solid object, the heat energy is absorbed by the solid matter.  See Figure 25-4.  The internal energy of the molecules in the matter increases and the temperature of the matter rises.  An electric heater works in this way and so does the sun’s rays.  Be sure you understand these methods of heat transfer.

25.1.4 Thermosiphoning

This big word simply describes the result of a liquid or gas expanding and rising.  The principle is put to work in both active and passive solar heating.  Sunlight is captured in a closed space where a liquid or gas, such as water or air, is heated.  The action of the expanded water or air rising makes the system operate.  Cooler air or water comes into the lower space to take its place.  See Figure 25-5.  

25.2 Types of Solar Energy Systems

Two common methods are used to incorporate solar energy into a building: 

Active solar construction is actually a system of collecting and transporting solar energy apart from the structure of the house.  It is a separate system that may be added on.  It has little effect on the way the building is constructed.   Because they use blowers or pumps to move the air or fluid, they are called active systems.  See Figure 25-6.

Passive solar construction is designed so that energy is absorbed by the mass of the structure.  The heat is not distributed mechanically by a blower or pump.  They have few if any movable parts, hence the name passive.  These systems require a change in the structure of the building so that collection, storage, and transportation of heat is naturally done by the materials used in the construction.

Solar collectors are simply boxes that trap solar energy.  See Figure 25-7.  These boxes may be part of the roof or attached to the existing roof.  Depending on the house design, both active and passive systems may be used to create an efficient, affordable and attractive home.  Passive solar systems may be incorporated into many architectural styles.

25.3 Passive Solar Collection

Be sure you understand the information presented in this section up to this point.  We are going to build on these basics to further understand solar heating systems.  Let’s review a bit:  Heat moves from warmer to colder by three methods: conduction, convection, and radiation.  When considering a solar heating system there are two basic types: active and passive.  Active systems require mechanically moving the heat energy and may be added to an existing building.  Passive systems absorb heat into the mass of the structure and must be planned into the design of the building.  Collectors are boxes that trap solar heat.

Now let’s study more about passive systems.  Passive solar energy systems are named for the way they operate and there are three basic types:


· Direct gain
· Indirect gain
· Isolated gain (sun space)

The word gain refers to how the heat is picked up from the solar radiation.

25.3 Direct-Gain System

Direct gain means the sun shines directly into the living space and heats it up.  See Figure 25-8.  In the simplest direct-gain structure there is no massive structure to store the heat.  The furniture and air soak up the heat.  In one sense all houses have passive solar heat because the sun shining in through the windows and making the carpet and sofa feel warm is basically a simple passive system.  In an intentionally designed passive solar house, there is usually a means of storing the heat for use at night and on cloudy days.  Thick masonry, stone, adobe, brick, or concrete walls, floors, and fireplaces; stone planters; large water pots can all be used.  At night, stored heat is distributed to the living space by radiation and convection.  Hopefully, the storage is adequate to keep the house warm all night and on cloudy days as well.  A major disadvantage of direct-gain passive solar systems is the wide fluctuation of temperature.  During hours of strong sunlight, the temperature can reach uncomfortable levels and, when the sky is dark and cloudy, it may get too cool.

25.3.2 Indirect-Gain System 

Remember we are still discussing passive systems.  In an indirect-gain system, the sun’s rays enter through glazing (window) and heat up a thermal mass rather than the room.  The thermal mass is usually a thick masonry or concrete wall located directly behind large windows or sliding glass doors.  The wall may be vented at top and bottom allowing hot air to flow upward and into the room by way of convection.  See Figure 25-9.  The thermal mass wall or Trombe wall, named after the French scientist who designed it, is the most common storage structure for indirect-gain systems. The outer face is dark-colored to absorb heat.  By conduction, heat travels through the wall to its inner face.  Then, radiation and convection work together to distribute the heat.  Thermal walls work even if they have windows in them.  The walls can also be covered with heat conducting materials like stucco, plaster, or ceramic tile and pictures may be hung on the room side of the wall without affecting thermal performance.

25.3.3 Water Storage Wall

Water is one of the most efficient and inexpensive ways to store solar heat.  It can absorb about twice as much heat as stone.  Barrels and other salvaged containers can be used.  The water wall is place directly behind a south-facing window.  See Figure 25-10.  The container absorbs the solar heat by radiation.  The water absorbs the heat from the container by conduction.  The reverse process transfers heat to the interior room.  Another water wall may use phase-change materials which are materials that change from a solid to a liquid state as they absorb heat.  These materials absorb much more heat that materials that do not change their form.  Usually some type of salt solution is used such as Glauber’s salt.

25.3.4 Isolated-Gain System

In an isolated-gain solar system, the heat is collected and stored in an area remote from the living space.  Advantages include: 1) the living area is not directly exposed to the sun and 2) the collected heat is more easily controlled. Figure 25-11 is a sketch of a thermosiphon, isolated-gain system.  Another is called a sun space as shown in Figure 25-12.  It is basically a sun room with many south windows.  It may or may not have a thermal mass wall or floor.  Heat can also be stored in water containers or boxes of rocks.

25.4 Passive Solar Advantages

Passive solar has several advantages over active solar and conventional heating:

· Common building materials
· Conventional carpentry and masonry skills are sufficient
· Passive components do not wear out and need little maintenance
· Can supply nearly 50% of required heat
· Nonpolluting
· Little heat loss during transfer since heat is generated close to or in the space to be heated

25.5 Passive Solar Disadvantages

Control of the heat is not as responsive as conventional or active solar systems.  In other words, the heat fluctuates in a wider range.  Careful planning is required to control heat and heat distribution.

25.6 Solar Heat Control

Passive solar systems need some creative methods to stop heat when it is not needed.  In the summer months, the same features that allow sunlight to enter must be blocked.  See Figure 25-13.  Shades in the form of window coverings or shutters or trees can be helpful.  See the Green Box.

Green Box—a very big green box
Well-placed plantings can significantly alter the microclimate around a home, resulting in a more comfortable environment and significant savings in heating and cooling costs over time.
Windbreaks for Winter Savings
Winter winds increase the rate of air exchange between the interior and exterior of a house, lowering the house’s interior temperature and thereby increasing the heating demand. In a windy site, a windbreak planting (also called a shelterbelt) can account for up to a 50-percent wind reduction and up to a 25-percent reduction in heating fuel consumption. A windbreak is a single or multiple rows of trees or shrubs in a linear configuration.
The goal of a windbreak is to reduce wind speed. Living windbreaks will reduce wind speeds for a distance 30 times the height of the windbreak. However, the maximum zone of wind reductions occurs at 5 to 7 times the height of the windbreak. For example, if the mature height of a windbreak planting is 30 feet, then the zone of maximum wind reduction occurs 150 to 210 feet downwind of the windbreak. A wind barrier that permits 50 to 60 percent wind penetration (as in the case of evergreen trees) is more effective than a solid barrier (such as a fence) because it provides a larger area of protection on the leeward side. Evergreen trees (conifers or broadleaf evergreens) are very effective in reducing wind speed.
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Shrubs next to a house can also reduce wind speed. Dense evergreen shrubs planted about 5 feet from a house will create an area of dead-air space. This dead-air space decreases heat loss from the house walls.
Location. For maximum effectiveness, windbreaks should be oriented perpendicular to the direction of prevailing winter winds. In Virginia this is usually the northwest side of the area to be protected. The windbreak should be longer than the area to be protected. Wherever space permits, an extension on the east side will help, too. Generally, savings from windbreaks increase as the protected perimeter of a house increases; however, even a few well-placed trees make a difference.
Suitable Species. Choose a relatively fast-growing, dense conifer or broadleaf evergreen species with stiff branches that will mature at a height about 1.5 times the height of the house. The species should retain branches low to the ground at maturity.
Most pines lose their lower branches with age, thus, they will serve as an effective windbreak for about 20 years. For a long-term windbreak, select species that keep their lower branches such as spruces, firs, arborvitae, and eastern red cedar. In the event your windbreak trees lose their lower branches, you can plant a row of dense evergreen shrubs at the base of the trees.
Norway, white, and Colorado blue spruce are among the best windbreak trees; blue spruce usually provides the most protection, but is slower-growing than the others. Consult your local Extension agent or garden center personnel to determine which conifers and broadleaf evergreens are suited to your area.
Spacing. In regard to the number of rows of trees, the effectiveness of a windbreak generally increases with each added row, up to five rows. With dense trees such as spruce, two rows are usually the most cost-effective. The distance between rows depends on the mature height of the tree species. More northerly tree rows will cast shade onto trees of adjacent row(s) to the south. Since most conifers only tolerate a small amount of shade, your rows should be far enough apart to avoid the shading phenomenon.
In regards to the spacing between trees, it will, in part, depend on the mature width of the tree species. Trees can be planted at a distance less than their mature width to decrease the time to form a solid barrier. Spacing also depends on how quickly you desire the plants to grow together. Deciding how close to place plants is a compromise between planting plants at a close spacing (having plants grow together quickly) versus the cost of buying more plants which will be required for close spacing. Conversely, a wider spacing will take longer to fill in, but you will be buying fewer plants and spending less money.
Preparation and Planning. Soil preparation prior to planting should include testing the soil and applying nutrients and lime as recommended. Tilling will be necessary for compacted soils. Early spring is a good time to plant windbreak trees, as it allows plants to grow roots into the surrounding soil before the first winter.
Shade for Summer Savings
Well-placed trees and shrubs can also help cut air-conditioning costs. Trees, shrubs, ground covers, and grass affect solar radiation more than structural devices, such as awnings. This is because plants transpire (release water vapor from leaves) during the day, which serves an evaporative cooling function. Deciduous plants drop their leaves in winter and have the advantage of allowing sun to reach buildings in the winter for warmth, yet providing shade during the summer.
Shade trees can significantly reduce air temperatures in and outdoors in the summer, as trees intercept and absorb the sun’s heat while transpiring cooling moisture into the air. The shade of trees, placed on the south side of a house, can significantly cool a house in the summer with estimates of up to 30 percent lower air-conditioning bills compared to an un-shaded house. In the summer, the temperature under a tree can be 9ºF lower than an adjacent area, and up to 25ºF lower than air above nearby blacktop. We intuitively know the value of tree shade when we search for the shade of a tree in the desert-like expanse of an asphalt parking lot. If you want to shade a particular portion of your house during the summer, such as a deck or porch, remember that the sun tracks from the northeast to the northwest in the summer. Thus, if your deck is on the west side of your house and you desire afternoon shade, then you must place the tree on the southwest side of the deck during the hottest part of the day.
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Shade trees should be planted mainly to the south and west sides of the house. Publications that cite the benefits of shade trees often suggest planting trees about 15 to 20 feet from a house to cast shade on the house. This recommendation is effective in shading the house, and will result in less need for air-conditioning. In midsummer, a 50-foot tree will cast a shadow 50 feet long shadow at 3 to 4 p.m. However, if a 50-foot tall tree placed 20 feet from a house falls towards the house, then the top 30 feet of the tree will hit the house. Thus, the advantage of tree shade versus the liability of a tree falling on a house must be carefully deliberated. A potential solution to minimize the liability issue is to place small to medium size trees (less than 50 feet tall) within 20 feet of the house. While such trees will not necessarily shade the roof, they will shade the side of the house. The placement of shrubs around an outdoor air conditioner or heat pump also saves energy.
The major considerations for selecting shade-tree species for summer cooling are adaptability to your site, ease of maintenance, and aesthetics. Most broad-leaved, deciduous trees are dense enough to block direct summer sun rays.
Shrubs can also help reduce energy use by shading walls in summer, but don’t allow tall-growing shrubs to block the winter sun from your windows. In summer, deciduous vines on trellises can be used to cool walls that face south or west. Behind the trellis, convection current carries warm air away from the wall. Added summer heat reduction can come from the use of lawn grasses and ground-cover plants. Glare can be reduced by lawns, and green ground covers outside of windows also reduce summer temperatures of the immediate area by 10 percent to 14 percent.
Year-round effect
In placing shade trees and windbreaks, consider their year-round effect. Deciduous trees will not block the winter sun as much as conifers will. But even deciduous trees can reduce solar radiation by about 20 percent to 50 percent in winter (depending on species and size), since even bare branches block the sun’s rays. Properly located shade trees will shade the most important parts of the house in the summer without shading too much in the winter.
In general, trees on the east or west side of the house provide summer shade without excessive winter shade. In cold areas, leave the south clear so the sun is not blocked during the winter, unless you use a species that does not cast a heavy shade, such as honey locust.
A solid row of evergreens next to a wall can create a dead air space, and consequently, a year-round insulating effect, although mold and mildew can sometimes occur. The evergreens can be trees, shrubs, or vines. Evergreen vines or dense-growing deciduous vines can be used on a trellis on a north- or northwest-facing wall to insulate a house from winter winds.
Additional Benefits
Planting for energy savings also reaps other benefits. A windbreak provides privacy and noise deflection in addition to wind and snow diversion. Shade trees beautify the landscape as well as protect people and homes from sun and wind. Most plantings provide a habitat for wildlife, reduce pollution and soil erosion, and bring us closer to nature. Well-maintained trees and shrubs also increase property values.
Reducing lawn areas can also save energy‚ by planting ground covers or under-story shrubs, less mowing is required. Plus, if drought-tolerant plants are used, water use can be significantly reduced.
The original publication was authored by Diane Relf, Extension Specialist (ret.), Environmental Horticulture, Virginia Tech, and the original development of this series was funded by ESUSDA Smith Lever 3(d) National Water Quality Initiative Funds and the Virginia Department of Conservation and Recreation, Division of Soil and Water Conservation.  This version is credited to Alex X. Niemiera, Associate Professor and Extension Specialist, Department of Horticulture, May 1, 2009.
Virginia Cooperative Extension materials are available for public use, re-print, or citation without further permission, provided the use includes credit to the author and to Virginia Cooperative Extension, Virginia Tech, and Virginia State University.
Publisher
Issued in furtherance of Cooperative Extension work, Virginia Polytechnic Institute and State University, Virginia State University, and the U.S. Department of Agriculture cooperating. Alan L. Grant, Dean, College of Agriculture and Life Sciences; Edwin J. Jones, Director, Virginia Cooperative Extension, Virginia Tech, Blacksburg; Jewel E. Hairston, Administrator, 1890 Extension Program, Virginia State, Petersburg.
Date
While this information is specific to Virginia, it is also very relevant to Michigan’s climate.  Our local County Extension Offices can provide more specific info for Michigan as well as catalogs for yearly sales of tree seedlings.
25.6.1 Overhangs

Protective overhangs can also assist in controlling the heat in a passive system.  See Figures 25-14 and 25-15. The math box below provides the factors to consider and a method for calculating how far the overhang should project:

Math Box

Width of the overhang is important when designing a solar structure.  Three factors determine the overhang distance: height of the window or collector, height difference between the header and the window or collector, and latitude of the construction site.  The formula is:

Overhang = window height plus height difference
                                 Latitude factor

Example:  Window height is 6’-8”.  Header height is 7’-6”.  Construction site is in northern most part of Minnesota.  

First, find the difference between the header height and the window height:
7’-6” – 6’-8” = 10”

Second, divide the window height by the difference between the head and window heights:
6’-8” plus 10” =  90”

Third, divide 90” by the factor from the table in Figure 25-15 which gives a factor range of 1.7 to 2.2.  Our site is in the northern most part so we will use the 1.7 factor.
90” divided by 1.7 = 52.94”.

Fourth, rounding up, our overhang should be 53 inches or 4’-5”.

25.6.2 Movable Insulation

Movable insulation is also a practical way to reduce heat gain in the summer and also a good way to effectively reduce nighttime heat losses through the glass.  Movable insulation is sheet or blanket material that can be temporarily placed over the glazing.  Glass is not a good insulator.  Figures 25-16, 25-17, and 25-18 illustrate three different types of insulation and the systems used to make it movable.  What do you think about the powered system that uses a blower to fill the air cavities between double pane glass with insulating beads?  Triple glazing of window areas cuts down heat losses but also reduces solar radiation transmission from about 74% for double glazing to 64% for triple glazing.  Draperies and decorative window coverings can also provide some insulating.  Care is needed though to be sure they can be pulled back to fully expose the window when heat is needed.  Also be sure the material used does not sun fade.

25.6.3 Venting

In both indirect and isolated-gain systems, vents are important.  Trombe walls may have vents to provide daytime heating.  Opening the vents allows convection currents to carry the air through the vents and into the room while cool air is drawn into the space between the glazing and the Trombe wall.  Closing these vents top and bottom prevents heat from entering the room through convection.  Isolated sun spaces (sun rooms) may be vented to the outdoors to remove unwanted heat.  The vent acts like a chimney.  I can tell you from experience, a vent is good in a sunroom.  Mine did not have one.  It would get so hot we could not even enjoy it.  We just had to keep the doors to it closed and covered.  Vents at the floor level can pull in cooler air.  Figure 25-19 shows two venting possibilities.

25.6.4 Orientation

Good solar construction requires careful planning beginning with the selection and development of the building site.  The building must be oriented to catch the sun’s ray all day long which is called orientation.  See Figure 25-20.  Most windows should be facing south to collect solar radiation. Few windows should be on the north.  Garages should be placed at the northwest to block winter winds.

25.6.5 Energy Balance

In the winter, houses experience heat gains from three sources:

· Conventional heating systems
· Solar radiation
· Appliances and occupants, which is called internal heat

Solar and internal heat gains can reduce the amount of operation of the furnace.  While it may seem insignificant, locating appliances on the opposite side of the house from areas of solar gain can balance the heat energy and make the best use of all heat sources.  Figure 25-21 illustrates this balance in the northern hemisphere.

25.7 Building Passive Solar Structures

Thermal storage walls should be constructed of materials that store enough heat to minimize large fluctuations.  Some materials hold heat better than others.  Here are some common ones:

· Water is inexpensive but good containers may be pricey.
· Concrete and concrete block have good heat storage capacity as well as providing structural support.  Cores of hollow block can be used as warm air ducts but the wall will hold more heat if they are filled with a sand concrete mix.  Walls can be plastered or painted to improve appearance.
· Brick is similar in heat storage and support to concrete or blocks and more attractive.  They are more expensive, however.  
· Figure 25-22 compares several different storage materials.

25.8 Sizing Thermal Storage Systems

Square footage of the living space determines the size of the thermal storage system.  In cold climates the ratio is .43 to 1 sq. ft. of masonry per square foot of living space.  Figure 25-23 is a comparison chart and Appendix B in the back of the book has more information as well.

25.8.1 Wall Thickness

Thermal storage wall thickness is important.  Too thin and the house will overheat quickly and then be cold later because it cannot hold enough heat.  Figure 25-24 is a reference table for thickness of different materials.  The more rapidly a material conducts, the thicker the wall must be to avoid delivering the heat load too soon.

25.8.2 Sizing Direct-Gain Storage

The rule of thumb or storage in direct-gain systems is to provide 150 lb. of concrete or masonry for every square foot of glazing, assuming the storage is subjected to direct sunlight.  There should be 150 lb. of concrete or masonry for every 2 sq. ft. of area to be heated and it should be about 4-6 inches thick.  Floors used for thermal storage should not be carpeted but small rugs and furniture will not affect the performance of the floor.

25.8.3 Effect of Color on Collecting Surface

Dark colors absorb more heat than light colors, therefore, the wall surface facing the glazing should be dark.  Black is the most heat absorbent.  Inside wall surfaces can be any color.

25.8.4 Wall Construction

Solid Trombe walls store more heat than vented ones and may reach 150 degrees on a sunny day.  Yet the wall facing the room will remain at a fairly uniform temperature for a 24 hour period.  With a vent the wall becomes a thermosiphon.  The Trombe wall is a bearing wall so it must be properly constructed with footings twice as wide as the wall’s cross section and equal in thickness.  See Figure 25-25.  Some venting at the top is advised.  Windows may be built into a Trombe wall.  See Figures 25-26 and 25-27.

25.8.5 Special Concerns

Glazing, whether it is a window, a sliding glass door, or glass panels need to be cleaned for optimal performance.  Panels should be built into individual sashes and in sizes small enough to handle so they can be removed for cleaning and maintenance.  Single panes are not as efficient as double panes, but triple panes are not recommended because they cut down on the effectiveness of the solar radiation and do not save significant heat loss over double panes.

25.9 Designing an Isolated-Gain System

An isolated-gain system is a fancy name for a small room (a sun room) attached to a building.  See Figure 25-28.  A greenhouse attached to a southern exposure is a good example.  The sun space may be embedded in the house within the walls and separated from the house by interior partitions.  One of these partitions can be a storage wall of concrete, masonry, or water.

25.10 Passive Thermosiphon System
Thermosiphon systems have not been well researched.  Your textbook provides data on the needed rock bed storage in relation to the area of the collectors.  Four inch diameter rock is recommended for easy circulation of the air and the depth of the bed should be 20 times the rock diameter. Rock bins should be insulated and dampers located in the ducts leading to the collectors.  They should be closed every evening to prevent heat loss to the outside at night.

25.11 Insulating Passive Solar Buildings

Buildings with solar heat should be well insulated.  Thermal barriers should be placed for any area where heat is likely to leak.  There should be no place in a solar home or a conventional home that air can flow between the inside and outside without going through insulation.  Seal up all the cracks.  See Figure 25-29 and review Chapter 15, Thermal and Sound Insulation if needed.

Chapter Summary and Assignments

After studying this chapter, would you consider building a passive solar home in Michigan? (You do not have to submit your response, the question is just to get you thinking.)

Read the chapter summary on page   775. 

Please complete the Test Your Knowledge questions on page 775 and check your answers online.  

Then complete the Online Unit Quiz and check your answers online.  Save your responses. These notes will be good review for Exam preparation.

Online Unit Quiz for Chapter 25

1. Convection only occurs in fluids or gases.
a. True
b. False
2. Heat gained from appliances or occupants of a home is referred to as residential heat.
a. True
b. False
3. Passive solar systems require pumps or blowers to carry heated air or fluid to the place it will be used or stored.
a. True
b. False
4. A major disadvantage of direct gain systems is the wide range of heat fluctuation.
a. True
b. False
5. A Trombe wall is a nonbearing wall.
a. True
b. False
6. In a direct gain system, the sun’s rays enter directly through the glazing and heat up a thermal mass.
a. True
b. false
7. Water is an effective material for the storage of solar heat.
a. True
b. false 
8. Heat can travel by
a. Radiation
b. Convection
c. Conduction
d. All of the above
9. The Trombe wall is an example of a(n) ____________ solar system.
a. Direct gain
b. Indirect gain
c. Isolated gain
d. None of the above
10. Most of the windows in solar construction are placed in the _________ wall.
a. North
b. South
c. East
d. West
11. In the _________ gain system, the solar heat is collected and stored in an area away from the living or working space.
a. Direct
b. Indirect
c. Isolated
d. None of the above
12. A material commonly used for thermal storage wall construction is ___________.
a. Water
b. Concrete
c. Concrete block
d. All of the above
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