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ABSTRACT 

Windows are an essential design element of desert homes that provide a view, 

light, ventilation, egress and filter the environment. Windows may account for 10 to 25 

percent undesirable heat loss or gain to interiors. All desert dwellers can save energy and 

money by becoming educated in basic principles of solar benefits and user management 

and control. People relocating from other climates often do not understand window 

design strategies that ameliorate the extreme desert climate. The design strategies and 

technology necessary for control is presented in this thesis. 

This thesis presents current window technology and proven interior and exterior 

window shading design strategies that save energy yet maintain a pleasant visual and 

physically healthy interior comfort. Architects, interior designers and residents of the 

southwest will find this information useful as a decision base for specification of energy 

efficient windows and design. 
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INTRODUCTION 

Windows directly affect a home's energy loss and gain more dramatically than the 

walls, floors and ceilings (Warner 1992, January/February: 9). Interior illumination and 

thermal conditions of a dwelling in any climate are dependent on size, location and 

orientation of the windows and by the degree of shading, by natural means from 

vegetation, or by constructed shading devices (Namazian 1980: 86). The low-E window 

unit technology and exterior shading strategies offer the best opportunity utilize the sun as 

a positive energy source. Hot dry desert conditions create an impact on energy heat gains 

and losses. It is important to seek and implement measures that will control heat flow 

through windows to balance heat losses and gains (CAREIRS 1988, April: 1). Some 

homes are built that fail to use energy efficient windows or other solar energy design 

concepts. Thus, It is important for individuals to understand basic solar design concepts 

to make wise choices when building or purchasing to derive interior comfort and energy 

efficiency. A goal of this thesis to gather and present window design information to 

further public education. 

An analysis of the southwestern environment will provide information necessary in 

the formation and application of energy efficient window design strategies. These 

strategies can be used in desert housing design in response to basic thermal and visual 

comfort needs or requirements. This design analysis should relate changing daily and 

annual solar patterns and to the potential modification of undesirable factors with designs 

that respond to prevailing desert conditions (Clark and Paylore 1980: 51). The designer 

should analyze each window wall separately and choose energy saving strategies specific 
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to each window walls' unique solar exposure. 

Tucson and Phoenix show a predominant number of degree days in an overheating 

mode. This suggests that summer heat gains overrules the demands of cool winter periods 

where summer cooling design strategies take precedence over winter solar heating needs 

(Cook 1979: 9). Design strategies are cited in this thesis address both the summer 

cooling needs and the winter heating needs through application of rudimentary passive 

solar window design strategies. The solar design recommendations for the hot-arid region 

in the United States are for a majority of south facing windows with outdoor living spaces 

arranged 25 degrees on the south-southeast side of the structure. This orientation of 

windows and outdoor living spaces benefit from early morning sun and light and 

experiences early shade from the hot afternoon sun (Holtz 1976: 71). The south wall is 

shaded in the summer due to the high elevation of the sun in a slight northerly direction. 

During the winter equinox, the sun is in the southern sky at a low altitude angle that 

enhances deep sun penetration through windows providing heat and light. Orienting a 

new home in a southerly direction, on a carefully chosen site, does not add to the cost of 

construction. It can save fossil fuel by using solar energy to heat interiors through south-

facing glass in winter. Southerly exposures are cooler in summer as the sun is overhead in 

a slightly northerly direction. The window industry is producing low-E windows that 

insulate and are highly energy efficient thus influence interior comfort (Wilson 1990, 

August: 98). This industry constantly strives to improve design and technology. 

Individuals settling in homes in the desert need to be apprised and educated in 

useful energy conservation designs and strategies. A goal of this thesis is to simplify 
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important energy efficient design concepts into comprehensible segments. These short 

segments may be organized into educational pamphlets that could be incorporated into 

mailings and disseminated by public utility companies and environmental interest groups. 

This phase is recommended for future study and development. 

People living in the desert would learn about energy efficiency from a visit to the 

Desert House in Phoenix, a prototype for water and utility conservation. The utility 

conservation measures designed and built into this house is projected to create a 40 

percent water and energy use reduction. The occupied three bedroom home is continually 

monitored by residents and a computer in real time. Visitors are invited to tour the 

information center where technical exhibits and water conserving landscape can be 

observed. A key issue concerning the Desert House is its dedication and puipose as a 

public education center in methods of water and energy conservation. The premise is that 

individual people make the difference in energy conservation at the local level to affect 

conservation on a national level. Individuals, education and involvement are the key 

concepts for energy conservation on a national (Karpiscak et al., 1994, April: 329). 

This thesis may not provide the perfect solution for energy-efficient window 

designs. It does provide information and energy efficient window design and technology 

to stimulate choices in methods of solar control that make living in the harsh desert 

climate more enjoyable and comfortable. Tucson and Phoenix are cities with a population 

mix from a variety of very hot or very cold climates. Individuals from cold climates are 

usually unaware of proven energy design strategies that are appropriate for the desert and 

presented in this thesis. Public education segments may be formed from information in 
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the following chapters addressing ventilation, orientation, shading in the microclimate, 

energy-saving technology and window design strategies for new and retrofit homes. 

These segments are recommended for future study and development as an information 

base important to the understanding of energy-efficient design choices. 

For many years, a single sheet of clear double strength float glass offered only a 

thin barrier to the harsh desert elements. This double strength window glass is also used 

as a standard measure that produces a 12 percent shading coefficient (SC), a window unit 

U-value of 1.1 and an R-value of .90 center of glass (Wilson 1988: 13). Non-solar air 

flow by conduction, convection and radiation produce heat gains and losses through the 

glass and infiltration around the window unit. Heat loss during the heating season and 

heat gain during the cooling season increases the amount of non-renewable energy it takes 

to cool or heat a home in the desert (Warner 1991, January/February: 10). Increasing 

utility costs and depletion of non-renewable energy sources in the United States has 

stimulated an interest in energy-saving technology and design. 

Information in this thesis can be helpful to anyone interested the use of energy 

efficient windows design for new construction, retrofit or shading strategies and 

interactive monitoring. Information presented in the following chapters does not address 

scientific paraphernalia. Discussed are the issues concerning current window design and 

technology, shading protection, also user-control and interaction. New materials and 

improved designs have produced changes in window unit performance relative to that of 

past decades, providing "cooler windows" for energy-conscious consumers in hot climates 

(CAREIRS 1991, July: 1). 
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The International Style of the 1920's introduced new construction techniques. 

The use of steel and iron in load-bearing membrane systems and window frames led to the 

development of the window wall. This building technology encouraged the use of large 

apertures that produced greater quantities of interior illumination. Homes with window 

walls were introduced by Modernists Richard Neutra, Ludwig Mies Van der Rohe, Phillip 

Johnson and others. These prominent early Modernist architects designed houses that 

utilized structural steel and walls of glass. Walls of glass, or "window walls" introduce 

great quantities of sun light into home interiors and are in currently in demand as indicated 

by home and building magazines, The Wonder of Windows (Home 1991, July); What 

Windows Can Do for You (Home Owner 1991, May), Bay Windows. Bumping Out For 

Light and Space (Practical Home Owner 1987, September); "Love of Light" (Traditional 

Home 1993, March). These and other magazine articles influence public taste and indicate 

national trends in home building and interior design. 

Living in sun-drenched interiors, even in the deserts of Arizona, is the message to 

the modem homeowner. Windows have developed into a commodity that is advertised 

and written about in magazines and books, that sell an idea, a product, and a way of life. 

Remodeling a home often involves extending interior sight lines or space visually through 

windows that emphasize an egress of bright sunlight and views (Rosenau 1992, October: 

48). 

The message not delivered is how to control the unrelenting summer desert heat, 

ultraviolet radiation, and solar glare through unprotected window walls and large window 

assemblages. Undesirable loss of privacy, security issues and urban noise are other 
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problems and issues that may invade interiors when giant windows and window walls 

indiscriminately occupy exterior walls. 

Homes built in predominantly cool coastal climates enjoy national circulation in 

magazines that introduce provocative building design ideals. These designs influence 

people in all walks of life, all over the United States. Proven design strategies from colder 

climates have been utilized in the hot Arizona climate, usually by people who have 

relocated. Many of these people have not experienced problems created by a hot sun and 

large quantities of unprotected glass in the overheated desert. The result is often visual 

and thermal discomfort and damaging effects to interiors. Homeowners and designers in 

Arizona and other desert communities need be aware of solar benefits and the need for 

control of solar energy used to daylight interiors. Windows that act as a filter can 

maintain human comfort through solar orientation, the use of exterior and interior shading 

and low-E window technology designed for desert climates. 

According to Warren Hampton, consultant in the Architecture Laboratory/Center 

for Desert Architecture at the University of Arizona, the penetration of daylight into a 

building's interior requires an evaluation of the thermal and luminous components of 

sunlight. Light transmission and the resultant thermal impact to interiors can cause 

overheating. Daylighting in a hot dry climate requires an integrated window design 

approach that must respond to lighting, passive heating, cooling, and ventilation 

requirements (Hampton 1992: 24). 

Low-E energy-efficient or "Smart Windows" that "know" the appropriate seasonal 

response, when to reject or admit solar energy, is currently the "best choice" for 
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specification for windows in hot climates. Sungate, by PPG offers a choice between 

Sungate 100 or 200 based on degree days. Exterior, and interior shading and other solar 

design strategies related to windows are presented the following chapters that identify 

energy-efficient design and daylight illumination. 

Energy efficient windows are available that "act" with the efficiency of an "R-14" 

wall, yet present a clear view and resist a high degree of edge-of-glass condensation in 

rooms with high water-use demands. This, and other window technology organized in 

this thesis, can be applied as design ideas, for specification, or "food-for-thought" by 

architects, interior designers, the individual homeowner, students, and anyone interested in 

improving the interior comfort of their home. For control of energy gains and losses, 

Ruck (1989: 110) and Olgyay and Olgyay (1957: 3) consider windows and walls as a 

filter of the environment: 

to consider the building envelope as a filter rather than a barrier 
to the external world and design the envelope accordingly 
responding to the psychological needs of the occupants 

Since the energy crisis of the 1970's, energy prices have increased more than 

sevenfold and are steadily increasing. The cost of public utilities, the depletion of non­

renewable energy sources, and waste disposal—where to put it without polluting are 

national issues that affect all. These environmental issues alert people to the need for 

clean energy through solar design. It is important to teach the public individually how to 

utilize solar energy to affect energy use on a national level (Karpiscak 1994, April: 329). 



Learning time is necessary to figure out how to operate buildings 
optimally. No building ever takes care of itself: people take care of 
buildings and learn to operate them to achieve energy efficiency, 
comfort and functional satisfaction (Kantrowitz 1986, April: 122). 
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CHAPTER 1 

1 Traditional Window Functions 

Ventilation was the original function of windows when they first appeared in 

dwellings as an uncovered hole in the shell. As technology and societies became more 

complex, the functions of windows changed. They produced interior comfort by 

providing light, solar heat, cool breezes in hot summers, a view, a means of surveillance, 

protection from storms, or intruders, and were used for egress in an emergency (Selby, 

Anthony, et al. 1990, April 269). 

In the colonial period, impressive fanlights and casements were created from small 

hand-made roundels held in place by wooden muntins. The window lites were arranged in 

combinations from six over six for homes and small buildings to twenty over twenty in 

large, old, public buildings and placed in a casement. Windows were handmade by a 

carpenter, but as the wood weathered, the panes and casements and became loose-fitting 

and drafty. On the average home, one window per wall or less provided poor illumination 

to home interiors. With changes in glass technology, from small handmade roundels to 

large sections of float glass, window lites became larger and without noticeable visual 

distortion. 

New manufacturing methods and technology, the production of sheet, then float 

glass, resulted in a controlled, distortion-free glass in a predetermined thickness. This new 

technology prompted the production of glass that could cover large window areas. In 

1929, Richard Newtra envisioned and built the modem "health" house for the Lovells in 

sunny California. A lightweight steel skeleton supported floor-to-ceiling glass that would 
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ensure that maximum quantities of purifying daylight could penetrate walls of glass. 

Window walls as a main architectural feature admitted tremendous quantities of healthy 

sunlight, accompanied with panoramic views and uncontrolled radiant heat in summer. 

The floor-to-ceiling glass with sunlit interiors became a dominant "hall mark" of the 

innovative International Style modern home design (Ibid., 269). The Lovells and others, 

at this time, experimented with the connection between sunlight and health. Since this 

movement, the ultraviolet portion of the solar ray has been recognized as a germicide. 

Currently, large quantities of glass are used indiscriminately in many homes in all 

parts of the United States. The latitude, climate, vegetation, and direction unique to a site, 

determines to a great extent, the amount of solar exposure that can be allowed on large 

quantities of glass, and yet maintain interior comfort. Tlioughtfully positioned windows, 

with large expanses of glass, can incorporate desirable panoramic views and create a 

feeling of interior spaciousness by forming a connection to the outdoors (Ingersoll 1991, 

May: 136). Ingersoll recommends the use of Iow-E window units made with reflective 

Heat Mirror <tm) films. They help to control a large portion of radiant heat and ultraviolet 

light rays that are so degrading to interiors. But, in a harsh, hot, desert climate, this 

solution seems almost too simple. Exterior and interior shading on low-E glass units is 

recommended by Tucson window dealers (mentioned in this thesis) for a unified energy 

design strategy. 

Implementing, any or all, summer shading strategies can relieve overloaded air-

conditioning units and save energy and money for the home owner. Energy savings from 

the use of energy-efficient windows produces a reduction in utility costs. This may be 
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viewed as a pay-back for money invested in quality energy efficient and design strategies. 

Or, investment in beautiful window arrangements may be a determining factor. 

1.1 The Window View 

1.1.1 Find a View 

An obvious use of windows is the location or placement of the window to frame 

the a chosen view. A survey of the site of a new home or the demands of a remodel is 

necessary to locate landscape or objects that are visually appealing. If the window is 

placed too high in relationship to the furniture plan seated or standing, only the sky will be 

visible. Placed too low and furniture may cut off the view. To find the "correct" view for 

an addition, Jim Rosenau, architect, (1992, September/October: 51) suggests viewing the 

proposed subject from a floor-height perspective. This may involve the use of a 

stepladder to capture the desired window view on a proposed second floor addition. 

Another solution is to wait until the floor is framed, allowing you to study at leisure, the 

view from different paits of the new room. 

Cardboard "L's" may help to frame the view and the decision of a horizontal or a 

vertical wide or narrow window from a seated position ... where your favorite chair, desk, 

or table, will be arranged ... in the room. Remember, the window will cost the same 

wherever you place it, so it is best to take the time to get it right (Ibid., 52) 

Now, there are twenty times more available manufactured the window sizes and 

shapes than were around only five years ago. Recent window manufacturers' innovations 

are Kolbe and Kolbe Window Company's curved double-glazed, double-hung casement 

and Marvin Window Company's bent-glass comer window that provides better views and 
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illumination than Frank Lloyd Wright obtained with butted glass corner windows or small 

corner-joined stacked casement windows at "Fallingwater" (See FIGURE 1.1). Sadly, the 

revered Palladian arched window with modifications have been overdone by builders in an 

attempt to seem fashionable. Client demands for creative solutions by architects or 

interior designers for uniquely framed views are on-the-rise (Ibid., 52) 

FIGURE 1.1 Recent Innovations Produced by Marvin Window Company 

The relationship of the scale of the room to a view is an important consideration. 

Big interior spaces usually require big glazed areas. Smaller houses looking out on limited 

backyard views employ smaller windows that focus on precise views. Muntin bars imbue 

a romantic quality on the view and divide a large window into smaller view segments. 

Ingersoll (1991 May: 136) maintains that the house controls the view. 

CllFMsB CASENEKT CORNER 
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1.1.2 Capturing or Framing the View 

In the crucial planning stages, placement of windows toward a choice view is an 

important design consideration. Judicious placement of windows, with large expanses of 

glass, can incorporate magnificent southwestern panoramic views. A limited garden view 

usually requires a special window that frames precisely (Rosenau 1992, September/ 

October: 138). Windows visually connect interiors to exteriors, enhance our sense of 

space, and satisfy our curiosity (Braasch 1982: 7). 

Barbara Braasch, Coordinating Editor of the book, Sunset Windows and Skylights, 

provides the following common-sense guidelines for selecting and placing windows that 

frame a view that enhance and links the interior to the exterior: 

1) A large spectacular view, framed with a big picture window, can be altered 
with the use of muntins that divides a great expanse of glass into savory choice 
views. This also imbues a sense of containment, shelter, and protection. 

2) The sensation of an overwhelming view is reduced by grouping a series of 
small windows as framed segments. This produces views from many 
positions; seated, standing, or moving through the room. 

3) Windows look in as well as out; privacy should not be lost to justify the view. 

4) Large, wide, door and window casings are a dominant feature in old or historic 
homes. Restoration or retrofitting projects require proportionately more 
surrounding wall space around wide casings. Also, wide casings on small 
windows are an inappropriate mix. 

5) Avoid obstructions to the line-of-sight from double-hung windows with a strong 
horizontal line. Windows can be ordered with high division lines that allow 
a clear view. Horizontal flaming over 4 inches wide is unacceptable. 

6) Plan the interior furniture arrangement first then size the window to 
coordinate with compatible views (Rosenau 1992, September/October: 138). 

7) Screens may interfere with a beautiful view. Combinations of fixed and 
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openable awning windows, with screens above the line of sight, are suggested. 

8) An artistic selection of a view is similar to framing a picture; views of blank 
walls or fences are uninteresting. 

9) To provide privacy on a busy street view, use the second story window view 
or place the window above the line-of-sight, usually 4 feet from the floor. 

10) Accommodate a good view by coordinating the sill height in relation to the 
function of a room and supportive furniture placement. Considerations are: 

.. ideally, the sill is placed below eye level 

.. above counter height in a kitchen 

.. about table level in a dining room 

.. no more than 44 inches from the floor in a bedroom 
for egress, 24 inches high by 20 inches wide, 5.7 sq. ft. area 

.. install safety glass 10 to 14 inches from the floor in 
the living room or rooms with an adjoining a patio, 
building codes specify safety glass installed if within 
18 inches from the floor (Ibid., 7). 

1.1.3 The Human Benefits of Window View 

The average person's response to windows is believed to be relatively unconscious. 

However, researchers who compared the importance of window functions, suggested that 

window views rank high on surveys for specification and worthy of preserving (Ruck 

1989: 111). Research also shows that a home window view does affect daily living 

patterns and produces environmental satisfaction. Variability of window view content was 

connected a variety health outcomes (Selby et al. 1990: 269 [Kaplan 1985, 1983, and 

Ulrich 1984]). This psychological research involving people who were mostly confined 

inside, identified four general health and well-being benefits derived from a window view. 

Psychological needs that were satisfied by window a view were: 

(1) access to environmental information; 
(2) access to sensory change; 



26 

(3) a feeling of connection to the outside world; 
(4) faster restoration and recovery (Ibid., 269). 

Window views produce human sensory change information relating to weather, 

time of day, and visual qualities of sunlight. These important perceptions help occupants 

make decisions for change. Sensory change is fundamental to perception and believed to 

be essential for efficient brain function ([Piatt, 1961], Ibid., 270). Natural light is vital to 

human well-being in relation to brain stimulation and activity, body orientation, balance, 

blood circulation, and mood stability (Ruck 1989: 43). Ultraviolet radiation has an 

important effect in the biological formation of vitamin D and the control of calcium-

phosphorous exchange necessary to bone formation (Ibid., 46). 

The preference for daylight may be linked to the need to see outside, or the 

importance of views that maintains a psychological connection to the real world. When 

involved in tasks that require close vision and concentration, a shift in concentration to a 

distant view rests the eye and rejuvenates the mind as a person enters a "day dream" state. 

A beautiful view provides a retreat for our minds (Dickinson 1992, September: 51). It is 

possible for people who live or work in view-restricted environments to develop 

claustrophobic symptoms (Evans 1981: 49). Window views can inspire, or elevate one's 

mind and mood by being in touch with nature: the mountains, the desert, or a special 

garden spot, connects humans to exterior environments. 

1.1.4 Windows Provide Great Views That Coordinate Interiors to Exteriors 

In old vernacular homes, with traditionally dark interiors, window views were 

limited due to window size and wide wall spaces between window units. A hierarchy of 
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window function has re-evaluated window view and orientation as an aesthetic function. 

A feeling of "airiness" and "light filled" rooms with great views is in strong demand. The 

wall appears to be yielding to maximum quantities of IGU's (Insulated Glass Units) in 

window walls, with a 40 percent ratio of window-to-floor area or more. 

Modem window walls, with tightly spaced windows in pleasing design 

combinations, tend to make the wall itself disappear. Minimal wall restrictions can 

produce untrained views that delights and arouses the visual senses. Window walls allow 

framed broad views from any vantage point within a room, where particular perspectives 

are unnecessary (Dickinson 1989: 49). 

Editing or improving the view from an existing window is an inexpensive home 

improvement (Rosenau 1992: 138). When building or remodeling, look toward views that 

are especially pleasing, a near view of a tree or garden or a distant view of city lights. 

According to real estate sales people, beautiful views sell a house. Pella dubbed and 

patented the window view process with a descriptive name, Windowscaping IR> (1991: 6). 

1.1.5 A Restricted Focus on a Garden View 

House lots are often small as land becomes more precious with population growth. 

This change influences the use of smaller windows and restricted views. Homeowners 

visualize their yards in beautiful live color year around. Even the tiniest back yard can 

provide a colorful profusion of plants if their growing capacity and seasonal blooming are 

staggered. Selection and planting of trees, shrubs, vines and ground covers, planted in 

zones in relation to watering demands can maintain an inviting window view (Blume 1991, 

Fall: 28-31). 
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1.1.6 Expand Interior Space to Include Outdoor Rooms 

A need to expand small interior rooms could involve connecting interior space 

and functions an exterior room. Potted plants placed 011 both sides of sliding glass doors 

or vignettes of a Japanese garden through a moon window forms a visual connection. 

Interior space living functions of dining, relaxing, reading or playing may extend to the 

outdoor rooms. Wood fences and dense landscaping shield windows to maintain a 

private, controlled view. California architects often design both home and gardens. They 

orient living spaces to expand outward to include pool, fencing, and latticework, that 

accents privacy (Ingersoll 1991, May: 138). 

Interiors can be expanded visually and physically by creating outdoor "rooms". 

Patios, decks, gazebos, pergolas, covered arcades or a gathering place under a large tree 

become a microclimate for entertaining or relaxing. Such outdoor rooms can also function 

as a dining area for family meals, games or sports. 

1.2 Windows and Interior Illumination 

A fascination with sunlight probably stems from fundamental biological needs. 

Human orientation to the sun in time and space is basic to survival and well being. The 

very structure of nature is rooted in responses to the daily and seasonal movement of the 

sun that determines human and other living patterns. It is small wonder that there is a very 

strong desire for sunlight penetration in our daily living spaces. The sun controls life. 

The sun emits energy-intense shortwave radiation ranging between 0.15-4.On. from 

a surface temperature of 6000 degrees kelvin. Of the intense short wave radiation emitted 

from the sun, only one-fifth of the total incident radiation strikes the atmosphere and is 
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transmitted to the earth's surface where it is absorbed or reflected. The earth as a 

radiating body emits mostly longwave infrared radiation in wavelengths between 3-80p. 

The earth's atmosphere absorbs approximately 90 percent outgoing terrestrial infrared 

radiation, the bulk of which is reradiated back to the earth's surface. As solar radiation 

warms an object, the intensity and temperature increases but the wavelength emitted 

decreases (Clark and Paylore 1980: 18-19). 

Daylight design strategies used for admitting natural light should respond to 

factors of predictable sunlight in direction, cycles of days and seasons. Tucson and 

Phoenix, receive a dependable 84 percent maximum possible hours of sunshine per year 

(Clark and Paylore 1980: 19). Natural light is a diffused form of sunlight and the sky is a 

large visual area with relatively low luminance. The position of the sun and atmospheric 

FIGURE 1.2, Daylighting Interiors, Light Sources: Direct/ Sky; Reflected, 
Clouds/Ground, After Villecco, et al. 1979: September, 68. 
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conditions determine the amount of sunlight received from the sky. One or more of three 

conditions of incident light on exterior vertical surfaces are usually considered for design 

evaluation: 1) light from an overcast sky only: 2) light from a clear sky only: 3) light 

from a clear sky plus direct sunlight. The direction of light that reaches a window is 

dependent on the sky luminance pattern. A uniformly overcast sky is nearly 3 times as 

bright overhead as near the horizon (Villecco et. al., 1979/ September: 68, see figure 1.2). 

Arizona has a predominance of clear days when sky illuminance varies with the 

amount of atmospheric haze or dust and the position of the sun. Sunlight reflected from 

the ground is approximately 10 to 15 percent or more of the total daylight reaching the 

window. Non-solar reflected light from the ground may account for over half of the total 

solar light reaching windows. Predictability lies within daily and seasonal sun rhythms. 

Sidelighting is the most familiar approach to daylighting which uses both direct sky 

and reflected ground light. Examples of lighting gradient combined with the effects of 

roof overhangs and ground terrain are illustrated in daylighting interiors, FIGURE 1.3. 

Window design and daylight management must respond to the variations of direct 

solar radiation, sky light and reflected light. Daylight luminance and distribution of light 

from the sky vault depends on weather patterns that produce variances that influence the 

amount and intensity of daylight admitted to interiors (Villecco et al. 1979, September: 

68). See Figure 1.5, page 42. 

For pure puiposes of daylighting, without considering the trade-offs of glare and 

overheating, the larger the window area, the better the illumination through vertical 

windows. A reduction in high contrast, between the bright window light source and dark 
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corner or dark walls distant from the light source, produces a balanced room illumination. 

Daylight penetration through windows is typically 15 to 20 feet since light levels from 

windows in a single wall drop off rapidly as indicated by Figure 1.3. Lighting intensities 

diminish from a height at the center of the window area to nearly 1/4 intensity at the 

rooms' center while 1 /6th intensity is experienced at the center back wall. The room 

begins at the edge of the overhang and the window wall defines the usable window portion 

of the space below the roof. As overhangs or shading devices increase, center and rear 

lighting is less affected. Sidelighting levels developed in the 1950's have remained 

unchanged (Ibid., 69). See FIGURE 1.3 a test developed at Rice University under an 

artificial sky. Reflectance measured from the terrain involved concrete, sand, and asphalt. 

FIGURE 1.3, Terrain Reflectivities Influence on Lighting Distribution Through Vertical 
Windows, After Villecco et al., 1979, September: 69 
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Daylight is a full-spectrum light. It is the dominant lighting influence in nature to which all 

other light forms respond to (Flynn & Segil 1988: 102). The daylight that illuminates 

homes is the only light source that most closely matches human visual response (Robbins 

1986: 4). The quality of daylight is much better than electric light. Since the quality of 

daylight is so good, it takes up to 1/3 of the illuminance (foot candles) needed to light a 

task compared to like task illumination from a fluorescent electric light source. 

Visual adaptation influences visual perception in relation to illumination of the 

environment. Objects are perceived clearly in either bright daylight or in a subdued 

moonlight situation. This is an issue of relationships and visual adaptations. Visual 

perceptions are formed by actual illumination influenced by expectation and experience. 

The designer relies on context and also light itself (Villecco 1979, September: 49). 

The design goals for quality daylighting of interiors must be carefully conceived 

and controlled. A good visual environment coordinates visual information to meet the 

needs of the occupants. Surfaces of interest are highlighted and surfaces lacking interest 

are subdued. This creates maximum "signal" and a minimum of "noise" in the visual 

environment. The what and how will indicate how much. People like well-framed views 

through clear glass, lighting elements that organize space to reinforce perception of 

interior focal features (Lam 1986, Flynn & Segil 1988: 13). 

Good daylighting does not just mean large windows but quality that relates to 

quantity should be sensitively distributed in a design plan. To ensure a pleasant 

atmosphere, the source, quantity with quality in the distribution of light, needs to be 

considered to control glare (Villecco et al. 1979, September: 68). Factors affecting 
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daylighting are variations in the amount and the source that are combined to produce in a 

pleasing luminous environment. Conclusions are that surfaces should produce a pleasant 

(specular) illumination that is easy to look at, consciously or unconsciously. Adequate 

illumination levels are necessary for comfort in the performance of tasks and relaxing. 

Windows provide orientation information to produce a secure feeling (Lam 1977: 91). 

1.2.1 Vision 

The act of seeing is a highly developed combination of light detection and image 

processing influenced by the quality and quantity of light. Natural light produces the best 

quality and puts humans in touch with their environment. Quality and comfort in the 

visual environment is created through pleasing specular glare free surfaces, with an 

adequate illumination level to perform a task at hand or move about. The specular 

composition of materials within the room creates visual comfort. Light colored room 

surfaces reduce glare by reducing contrast. White surfaces may be excessively bright on 

brilliant days. Wall surfaces near small windows should have a very light color such as a 

Munsell Value 9-10. But, if a side-lighted window-to-floor area exceeds one-third of the 

window wall, white should be avoided and a lower Munsell Value of 8.5 can be used 

(Hopkinson 1966: 449). 

It may be preferable to have some areas of a room well lit while other areas may 

benefit from muted lighting. This emphasis or retreat may be coordinated with natural 

light from a window or windows, and the arrangement of furniture that serves a variety of 

family functions (Hopkinson 1966: 444). 

A bright light on shiny surfaces often results in an unpleasant reflective quality or 
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glare. A shift of the light source, a reduction in the shiny character of the surface, or a 

shift to a darker chroma reduces the reflective character of the surface and the and glare. 

Natural light is the combination of wavelengths that the eye responds to, some more 

favorably than others. Visual comfort is dependent upon the composition of light reaching 

an individual's eye. A bright window view of the sky, framed by dark or shaded materials, 

creates a high visual contrast that may produce uncomfortable glare. 

Light, in architectural terms, is a structural material and thus should not be 

perceived as an applied decoration or an afterthought, added after the building is designed 

(Ruck 1988: 40). 

1.2.2 Color Constancy in Daylighting 

The eye selectively responds to the different wavelengths inherent in natural 

daylight or sunlight (Youssef 1981: 16). The color spectrum of daylight changes during 

the day from orange-pink at dawn or dusk to yellow or white or bluish skylight. The 

human biological faculty, color constancy, provides the eye and mind with the capability to 

accept them all as "natural" even in the non-white-light source. Different types of light 

sources used in the same space, such as a mix of natural light and electric sources, can 

create a difference in appearance of some colored surfaces that can be objectionable 

(Evans 1981: 30). Reference is made to the objectionable quality of sodium electric light 

except when highlighting an object in the warm color range. Electric lights used as a mix 

should be selected to blend properly with daylight in homes or buildings (Ibid., 31). See 

FIGURE 1.4 (Evans 1981: 31). 

In Kruithof's principle surface colors have a "natural appearance" only if the color 
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of the light source is warm at low levels of intensity, or cooler colors are seen at intensity 

high levels (Ibid., 31). The "natural" appearance region lies in the space between the two 

curves as illustrated in Figure 1.4. Each source of light has its own color spectrum of 

wavelengths that changes during the day, thus colored surfaces can change visually 

depending on intensity and angle of the daylight source and the visual acuity of the viewer. 

FIGURE 1.4, Color Temperature (kelvin degrees), Kmithofs Principle: Evans 1981: 31 
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The architect's task is the recognition of the basic human visual and physical comfort 

needs of the client. This includes standards of good visibility such as adequate light levels 

in interior space. 

1.2.3 Color and Reflectance 

The modem open plan contributes to an effective flow of light over a floor area 

from windows, glazed doors or skylights. Specifying a light colored wall, ceiling, and 

furniture surfaces will reflect light and cause the room to appear brighter and cheerful. 

Dark colors in a room absorb light that may cause a room to appear gloomy with a feeling 

of enclosure. However, a feeling of enclosure may be a fitting mood for a library. 
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Charles Moore, former head of Yale School of Architecture then professor at 

UCLA, who was a colorist and designed and built some of the inost influential houses of 

our time, left some inspiring messages about color. Color can cause reactions in people ~ 

such as an aesthetic response through relationships. Strong or complimentary colors can 

evoke an active reaction, they can vibrate. He illustrated this principle on a wall at the 

Bums home where he actually used 28 colors. As the sunlight from the window moved 

across the walls, the angle of incidence and wavelengths interacted with the wall's surface 

to create a subtle light refraction changes that evolved a variety soft colors. The colors of 

the wall changed throughout the day and seasons (Dickinson 1992, September: 51). 

1.2.4 Quality and Quantity 

Delivering comfort with quantity is the goal of daylighting of interiors. Factors 

concerned with sunlight control are the time of day, orientation, season, and atmospheric 

conditions (Villecco, Selkowitz & Griffith 1979: 68). Quality lighting for home interiors 

assumes sufficient quantities of light to provide visual satisfaction without eyestrain and 

with good task visibility. However, the majority of daylighting information centers 

around the development of commercial lighting schemes that are suited to deep space, 

large scale installations that depend on a balance between daylighting and electric lighting. 

The interior space in a home functions differently from that of an office due to the size of 

rooms, the ability to move around, and even move furniture to obtain a greater degree if 

comfort. Specifying and lighting evaluations depend on many variables: age, task, and the 

memory or familiarity of spatial movement patterns. People can find their way around 

their home using very low light levels, due to familiar, repeated patterns and "knowing" 
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spatial arrangements. 

Good daylighting design also means an adequate supply of light through well 

proportioned windows. A sensitive approach considers the quantity that creates quality in 

the distribution of light. Quantity with quality should meet the needs of the occupant, as 

he performs daily tasks and rituals of living in a home environment. An interactive design 

approach allows the occupant to make dynamic (flexible) lighting and shading decisions 

that relate to the time of day, season, and prevailing weather and lighting conditions. 

Cantilevered roof, overhangs, balconies, awnings, and interior slat blinds can be 

used in design combinations that support each other. These configurations reduce sky 

view through the window that also reduces glare and controls the amount of direct light 

entering the interior through windows. Overhangs and lightshelves on the exterior 

produces a softened diffused glare-free natural light (Dantz 1967: 5 1). 

Most people want the opportunity to control interior shades to fine tune and adjust 

window light to their comfort level. The occupant can control interior natural light 

conditions best when the operations are simple and clearly understandable ...using manual 

controls (Kantrowitz 1986: 118). Handbooks are distributed to understand small 

appliance use. Handbooks may become common with the advent of increasingly complex 

"intelligent home" computer controlled operational systems. 

1.2.5 Daylighting the Home Work and Task Surface 

Window task side-lighting is preferable. Place desks or table top work-surfaces 

perpendicular or parallel to windows. Left-handed people need the light source located to 

the right of the work surface; for right-handed people the location is the opposite, on the 
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left. Never face a sunny window. Your shadow should not obstruct the daylight 

illuminating the task. Instead, position a reading chair so the light comes over the proper 

shoulder (Grosslight, 139). An overhead or forward placement of an electric fixture can 

cause veiling reflections. Similar tasks can be grouped or stacked together to maximize 

lighting efficiency and minimize lamping and wiring expenditures (AIA Research 

Corporation 1974: 92). Jane Grosslight's (1984: 138) rule of thumb for determining 

glare-free light is that the source light comes from a very narrow 30 to 60 degrees from 

vertical angle To perform a variety of tasks at home that require visual acuity, an 

unobstructed view of the sky through a window located near the activity is needed (Ibid., 

138). Visual acuity depends on the size of the task, the amount of time allowed for 

viewing, contrast visibility, and illumination visibility. Quality involves resolving veiling 

reflections and the control of the specular quality of materials. 

1.2.6 Visual Space, and Comfortable Environments 

Daylight expands visual space while darkness subdues or closes rooms in. People 

living in smaller homes on smaller lots can create visual space with the vertical movement 

of light through tall windows. Dramatic windows configurations, large expanses of clear 

glass, or vertical window walls introduce large quantities of daylight into a room and 

imbue a small room with a feeling of spaciousness (Ingersoll 1991: 138). Higher ceilings 

and taller windows bring more light into interiors. Low-E glass with shading coefficients 

ranging from 0.79 for low-E thermal pane to 0.43 for the Sunbelter 66 (recommended for 

use in Arizona for thermal and visual performance) is clear as a bell and energy efficient, 

and selectively admits maximum light and deep penetration but reflects the infrared heat 



rays (Dickinson 1992, September: 51 and Hurd 1994, September: 7). 

As air conditioning comfort became an anticipated amenity in warm climates, 

conflicts surfaced relating to the compatibility of air conditioning and windows in an 

energy-efficient environment. This conflict, of the 1960's to the present, led to an 

economic rejection of windows and the importance of windows to personal health and 

well-being. Decisions were often made to make windows smaller, or do away with them 

altogether in schools and some commercial spaces. In this misguided effort, windowless 

schools were built in the 1960's to accommodate the economics of air conditioners. This 

influenced Americans to value and desire natural light; lots of bright light in airy homes. 

Ingersoll reported that dramatic changes are taking place in American houses 

without adding rooms or square footage. Rooms are expanding vertically and visually as 

homeowners seek a greater feeling of spaciousness. Large expanses of manufactured 

windows link interior to exterior space through expanded sight lines. The opening of 

interiors relieves the shrinking yard space and the need for breathing room. People have 

always desired more light and space but were unable to manage solar control and 

maintenance problems. The low-E window unit, manages solar energy efficiently and 

make a greater use of glass economically feasible (1991 May: 136). 

Thus large areas of glass that produce deep daylight penetration to light interiors 

is feasible in the desert with the use of energy efficient low-E glass units. Appropriate 

shading on both exterior and interior window surfaces, can be monitored by predominantly 

user-friendly shading controls in interiors, to fine tune interior daylighting. This gets the 

"right" light on the "right" surfaces and coordinates space use with user comfort. 
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1.2.7 Sidelighting Windows and Lighting 

The introduction of low-E windows, permits increased window size that can bring 

maximum quantities of daylight into a home. Large windows increase lighting effects and 

elevates the mood of a room and imparts a spatial look. Daylighting levels from a single 

window 011 a wall fall off rapidly. Bilateral lighting is recommended to achieve greater 

balance in the distribution of light. Typically, 15 to 20 feet distance from the window 

source is a practical daylight penetration limit. 

The basic strategies were developed in the 1940s and 50's for unilateral, bilateral 

and trilateral design approaches. These have remained unchanged (Villecco, Selkowitz, 

Griffith 1979: 68). Effective sidelighting relieves veiling reflections due to glare and 

improves visual contrasts (Ibid., 69). Sidelighting utilizes light from the sun, sky and 

reflected light from the ground or adjacent structures. Sidelighted homes derive much 

benefit from protective shading at a great distance, a mountain or tall building (Lam 1986: 

68). 

A window area should be equal to 10 percent of the room floor area for minimal 

lighting. Larger areas will increase light levels (Grosslight: 141). Ruck (1989: 112) 

recommends 20 to 40 percent of the window-to-floor area. Use of special energy efficient 

windows, should allow increases above the 40 percent level combined with exterior 

filtering or shading controls. 

Windows placed on two adjacent walls, in a bilateral position (windows placed on 

opposite sides) with one window larger than the other, will deliver the best daylight to 

interiors. This use of dominant and secondary light source, combined with inter reflected 
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diffused light, plus room reflectance levels, produces the best modeling and glare control. 

Each window illuminates the opposite wall and reduces unpleasant high contrasts from a 

bright light source (window) and a dark opposite wall (Hopkinson 1966: 446). 

Low window shading coefficients indicate dramatically lower visible light 

transmittance through windows. Daylight penetration and interior illumination is reduced 

by applications of solar protective window films, tinted glazing, reflective or heat min or 

glazing, or dirty windows. 

1.2.8 Preferred Window Placement and Visual Comfort in Interiors 

Windows located on more than one wall increases and balances interior 

illumination. A window or windows on one wall usually creates high contrast between the 

sunlit window and the back wall. High contrasts such as a bright large window on the 

exterior wall, compared to an unlit back wall, produces the illusion of a dark room. A 

skylight or skylights, placed in close to the back wall, washes the wall with light and 

relieves uneven light levels. This elevates both the light level and mood of the room. 

1.2.9 The Daylight Factor 

The Daylight Factor involves the total daylight illumination: 

. directly from the sky 

. reflection directly from an external obstruction 

. reflections from walls, ceiling, and ground 

. reflections from ceiling and floor 

The total daylight illumination is based on the combination of these factors. Light 

is transmitted to the interior of a room from a window source, where diffused light is 
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reflected and inter reflected from surfaces within the room before it reaches the reference 

point (FIGURE 1.5,). The amount of light received through a window depends on the 

size and position of the window combined with the luminance of the usually clear Arizona 

sky, at 10,000 FC. Illumination is determined by inter reflection or how much light is 

utilized by, and reflected by furnishings. 

Actual tests reveal that the ceiling is the most important reflective surface in 

controlling daylight entering the room and the illumination of horizontal surfaces in the 

room. The back wall ranks second and the side walls and floors rank last. The ceiling 

should be a light color, 70 percent or higher, but the floor can be the darkest color, 40 

percent reflectance (Munsel Scale Factors, Evans 1981: 74). 

1.2.10 The Daylight Factor Method 

The penetration of daylight into a home interior requires the architect or designer 

to evaluate the thermal and luminous components of sunlight (Hampton, 1989, 

Spring/Summer: 24). An analysis of thermal gains and illumination from three 

components should be included. 

FIGURE 1.5, The Daylight Factoring Method, After Egan 1983: 193 
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Developed in England in the 1920's, under prevalent overcast sky conditions, the 

daylight factor (DF) "is the percentage of external illumination from an unobstructed sky 

at a point on a horizontal plane in a room". In this method, DF is the sum of the 

following terms or components: 

Sky component (SC) ~ the amount of sky light directly incident on the 
window opening 

Externally reflected component (ERC) ~ the light reflected 
from outdoor objects (fences, buildings, etc.) 

Internally reflected component (IRC) — the light reflected 
from interior surfaces (Egan 1983: 193) 

See Egan (1983: 194-197) for farther information and factoring of each component listed. 

Variations in sky illuminance function with time of day, season, also latitude, longitude 

and orientation. The sun is a point source, and the sky is a large diffused source of 

variable luminance distribution (Hopkinson 1966: 31). The atmosphere particulate 

density reduces solar penetration. 

1.2.11 Summary List for Room and Window Configuration to Deliver Quality 
Daylighting to Interiors 

.. reduce contrast by placing window on adjacent or opposite walls to reduce 
light contrast and glare in immediate surroundings 

.. screen direct bright skylight from eyes by exterior overhang or louver 

.. place occupants to avoid a bright view of the sky while working 

.. windows placed bilaterally, deliver an even distribution of daylight, reduce 
high contrasts, and produce a brighter look to a room 

.. light colored walls and window reveals improve visual comfort (Hopkinson, 
1966) 
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The following considerations help to control glare produced by windows: 

.. disability vision rarely occurs in a well-lit building 

.. bright window at end of hall may cause direct disability to vision 

.. discomfort glare is related to the position of window and secondly to 
size and position (high, low) of windows 

.. if a window is made smaller, it will cut the size of the glare source 
and interior illumination 

.. placing windows on adjacent or opposite walls reduces glare by 
lowering contrast levels 

.. glass with a low SC (shading coefficient) reduces the source brightness and 
reduces visibility and can affect the view 

.. window muntin bars and reveals can reduce glare by'contrast grading 

.. an uninterrupted window will cause less visual contrast 
(Hopkinson 1966,448) 

1.3 Natural Ventilation Through Windows 

1.3.1 Air Flow, A Prime Function of Windows for Homes in The Desert 

The best way to ventilate a room is through windows that open 100 percent like 

casements that open vertically, or awning windows that open horizontally. Windows, 

placed on apposite walls to allow incoming air to wash around the room. In rooms with 

one available outside window wall, a ventilating skylight can be located near the opposite 

inside wall to vent warm air while drawing cool breezes through the window (Clark and 

Hogan 1988: 6). 

Differences in air pressures and temperatures cause air to move. Natural 

ventilation occurs when uneven pressures act on inlets and outlets due to wind that creates 
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a thermal chimney stack ventilation effect (Cook 1989: 47). High pressure (rising air) 

forms on an exposed windward wall and low pressure (falling air) is experienced on the 

protected leeward wall to create optimal air movement and interior ventilation (Clark and 

Hogan 1988: 9). The strongest air movement effect is cross ventilation, by a steady 

wind-driven movement, when the prevailing wind creates distinct positive and negative 

(suction) pressures at inlet and outlet window walls. Changing pressure patterns over a 

windward wall, two widely spaced windows on the same wall, can result in unsteady 

pressure differences. Minimal ventilation is created in rooms with one window as air 

enters, pauses and exits, creating an uneven rate. This is known as a fluctuating static 

pressure of the wind. Rough topography or suburban terrain stimulates unsteady pressure 

fluctuations and generate significant ventilation (Cook 1989: 47). To produce the 

greatest creature comfort, place window openings low on the wall where air flows at 

occupant level (Clark and Hogan 1988: 9). 

Summer nighttime air flow through windows is an important energy-saving cooling 

design strategy in hot climates. Properly controlled air flow across a human body creates 

an important physiological cooling effect by accelerating heat conduction release and/or 

the cooling effect produced by evaporation of skin moisture. Ambient air temperature 

usually determines the desirability of ventilation, considering the following variables: 

1) Velocity of the air stream 

2) Temperature of the air stream 

3) Relative humidity of the air stream 

4) Surrounding thermal conditions 
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5) Physical and physiological state of the individual 

([attributed to Henry Wright, "What is a Draft?" (RL43)] Building Research Institute 

(Reed) 1957: 42). 

Beside cooling, other reasons for ventilating are the control of moisture, odors, 

and pollutants like formaldehyde, radon, etc. (Ibid., 42). Interior air can be 100 times as 

polluted as outdoor air, causing headaches, and may aggravate other disorders such as 

lung disease. The Foliage for Clean Air Council and NASA scientist B. C. Wolverton, 

proved in experiments with house plants that 87 percent of toxic indoor air pollution can 

be removed within 24 hours in a small space via photosynthesis (Furio and Javan 1991: 

31). Tlius, plants, located near a sunny window, will improve air quality in the winter 

when ventilation is not feasible. 

NASA used plants to rid air of formaldehyde and other pollutants in space 

capsules. Large, airy rooms were not included in this study. But, increasing the number 

and types of plants could increase the protective effects fiom pollutants and create a lush, 

tropical atmosphere. Plants used in the study included spider plants to alleviate the smell 

of ink, English ivy absorbs benzine, fig trees and spider plants absorb formaldehyde, aloe 

vera and chrysanthemums absorb numerous toxins (Berthol-Bond 1991, April: 12). 

1.3.2 Wind Forces and Window Design to Create Maximum Ventilation 

Excluding exceptional circumstances, air movement in summer is more often 

sought after than avoided. Windows used for summer ventilation should be designed to 

use the natural wind forces for needed cooling. Their design should permit an upward 

deflection of drafts for winter, and direct incoming cooled night air in a downward 
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movement, to ventilate and refresh interiors in the summer (RL 43, Reed, Ibid.: 42). 

Reed cites three basic window types for anticipated air movement control: 

1) simple opening windows...single hung, double hung or single sliding pane 

2) vertical vane...side hinged casement, folding casement, or any vertical 
pivot 

3) projected sash...awning, horizontal pivoted, jalousie or any window 
with a horizontal axis. (See FIGURE 1.6) 

Although window manufacturers produce a great variety of windows, the windows used 

in the following discussion and figures have the design capability to create a controlled 

draft and maximum air flow important for summer cooling. Most windows can be 

grouped in one of the three following categories: 

1) simple opening, 2) vertical vane, and 3) horizontal vane (see FIGURE 1.6) 

Simple opening windows are single hung, double hung, or horizontal sliding, non 

pivoting, but slide in a single plane. Vertical vane windows are casements, side hinged or 

folding and operate with a vertical pivot, such as a reversible window, that pivots on a 

vertical axis to open. Horizontal vane windows are the awning, projected sash, basement, 

horizontal pivoted, jalousie or louvered glass window that pivots on a horizontal axis. 



FIGURE 1.6, Classification of Ventilating Windows for Directional Air Control, After 
Reedy, Ibid., 44 
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1.3.3 Air Flow Characteristics 

Generally air flows in an indiscriminate direction through a simple opening in the 

plane of the operating sash influenced by surrounding pressures at the side of the opening. 

Asymmetrical pressure introduces a straight air flow into the opening perpendicular to the 

wall plane. The use of a vane operating sash produces air flow generally parallel with the 

angle of adjustment of the operating sash. When the pressure above the opening is greater 

than below, the air flows in a downward angle to the window opening. A greater pressure 

below the opening forces the low air upward as it enters the room. Air flows straight 

through a simple opening with symmetrical pressures. Air usually flows at an angle due to 

non symmetrical pressures around the opening. The air stream normally follows the 

pattern of the plane of the operating sash as determined by the pressures above and below 

the vertical vane window (Ibid., 44-45)(see FIGURE 1.6). 

Cook (1979: 39) recommends that all rooms have openable windows to permit 

cross ventilation as an important source of comfort during winter days and night cooling in 

summer. Desert inhabitants, who live in homes equipped with fan-driven evaporative 

coolers, usually open windows to exhaust the stale air accumulated in the interiors during 

the day and replace it with fresh cooled night air. Fortunately, the thin, dry desert air 

experiences diurnal temperature swings of 27 to 30 degrees or more to produce 

comfortable night temperatures that hover between 70 and 77 degrees during the hottest 

summer days in Tucson, Arizona. He also recommends locked stops for security and 

screens on all openings for insect control. 

Ventilating windows must be sealed against air leaks to realize maximum energy 
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and sound control performance. They can be located to face courtyards or a protected 

backyard in acoustically protected areas (Ruck 1989: 215). 

1.3.4 Breezes and Wind 

Window orientation in relation to the prevailing wind direction has a significant 

influence on the ventilation capability of the interior. The primary requirement for proper 

ventilation is to provide openings on both the windward and leeward sides of the 

structure. Larger or more openings on the leeward produce natural ventilation at rates 

higher than on the windward side. Larger lee openings usually create a suction effect on 

the windward openings when a clear space lies between them (Energy Conservation in 

Building Design, AIA). A reverse design can speed up air movement. When openings are 

staggered on the windward and leeward side, a larger volume of air is exchanged 

(Namazian 1980: 56-57. See FIGURE 1.7, Openings for Natural Ventilation). 

Vegetation and structural forms can be designed and placed in order to channel 

and concentrate cooling breezes through and around buildings. Ponds of water, fountains, 

or sprinkling vegetation up-wind from buildings, will cool the ambient air. Moisture laden 

air enhances the heat-carrying capability of air before it enters the structure. A proper 

selection and combination of microclimate design modifiers help to maintain temperatures 

well below that of surrounding areas (Clark 1979: 206). 

A variety of protective benefits can be derived from appropriate placement of trees 

in the microclimate zones. Cold winter north winds can be slowed and diverted by 

planting conifer trees to the north or northwest in zone 1, depending on wind direction. 

The zone of maximum protection (zone 3), where the wind speed can be greatly reduced, 
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should be at a distance from the structure of approximately 4-6 times the height of the 

tree. Such plantings create a moderately penetrable barrier to its lee side. The more 

penetration resistant the planting, the more the wind is forced up and over the barrier. 

This phenomenon will create a more powerful suction eddy, or low pressure zone, 

behind the barrier, that will pull overhead air flow back down to its original path sooner 

than if some of the air is allowed to pass through the barrier (Clark and Paylore 1980: 

33). A shelter belt of conifers, usually located to the north or the prevailing winter wind 

side, will protect vegetation, patios, windows, and walls by reducing blasts of cold air (see 

FIGURE 1.8, Windbreaks or Shelter Belts and Venturi Effects). 

An evaluation of the height, size and density of the canopy of a deciduous tree at 

maturity will help to determine an appropriate placement in zone 1 or 2 for a desired 

shading comfort. Properly placed trees and land berms will help to channel breezes to 

windows during the summer (see FIGURE 1.9, Channeling Breezes). 
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FIGURE 1.7, Openings For Natural Ventilation, After Adams 1975: 62, 63 
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FIGURE 1.8, Windbreaks and Venturi Eflfect, After Clark and Paylore 1980: 31 
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FIGURE 1.9, Channeling Breezes, After Adams 1975: 96 
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1.4 Window Styles and Placement 

Daylight expands interior visual space while darkness reduces it. People living in 

smaller homes on smaller lots can create visual space with the vertical movement of light 

through tall windows. Dramatic windows with large expanses of clear glass or vertical 

window walls, open a space visually to provide a link to the outdoors through a window 

view (Ingersoll 1991: 138). Higher ceilings and tall windows produce a high quality deep 

illumination to interiors. Windows above the sight line and large quantities of sunlight 

reduces contrast glare and produces a cheerful atmosphere. Clear low-E glass, acts like a 

solid 6 inch insulated wall, repelling heat and cold. It forms the physical separation or 

filter to the climate. Current window technology makes large areas of glass feasible. 

According to Dickinson, an inordinate focus continues to be placed on energy 

conserving windows, to lighting, ventilation and styles. Windows have much to offer as 

an aesthetic amenity, something-to-look-at (1992: 51). An oriel window, with a 

panoramic view, a bow or a bay window, can focus on a view of nature. The window 

area can become a focus for arranging furniture that supports a relaxing reading area, or a 

place to daydream at the end of a day. Bump-out windows add more usable floor space 

for interiors and create a visual design focus on both the interior and exterior of a home 

(See FIGURE 1.10 for a few style ideas). 

Windows often draw your eye to an interesting element of architecture. A 

dramatic array of windows may focus on a view or create a center-of-interest in a room. 

The success of any window array depends on consistent trim widths, or header and sill 

alignments that instill the look of a single large-scale unit. Horizontal and vertical dividing 
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mullions must align for energy performance and a well crafted appearance (Ibid., 49-50). 
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1.4.1 Window Size Relationships 

According to Evans, the window size and height above the work plane are among 

the most important factors in daylighting design (1981: 56). The amount of daylight 

increases when the size of the windows increases. However, to achieve an evenly diffused 

illumination throughout the room, several window sizes and placement factors may be 

considered and effectively combined to create visual interior comfort using natural light 

(Evans 1981: 38). To produce a sense ofbrightness in rooms, the depths ofthe room 

should be limited to a maximum of 2 to 2 1/2 times the height from the window head to 

the floor. Windows in this configuration are considered near continuous window elements 

(Flynn, Segil & Steffy 1988: 111). 

1.4.2 Window Height and Width Factors Related to Daylight Distribution 

The window height and a high location on the wall are the significant factors to the 

introduction of light into deep interior space. Short windows placed high on the wall 

above the line of sight will allow deep daylight penetration while reducing visual glare. 

Tall narrow windows, placed intermittently along the exterior wall, will reduce the size of 

a single large, bright, sunlight source and promote an even daylight penetration and 

distribution. Tall wide windows provide slightly higher levels of interior illumination than 

narrow windows due to an increase in overall size. Positioning windows close to the 

ceiling increases the value of the sky component. A location near the ground will 

distribute reflected ground light evenly over the ceiling. When the window is placed near 

the ground, a tall window is more efficient in introducing light into an interior than a wide 

window in the same location (Youssef 1979: 103). Comer rooms or rooms with outsets 
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allow the best scenario for eliminating excessive contrast within a room. Windows placed 

on two exterior walls balance the distribution of daylight in rooms. 

To achieve a diffused daylight interior, variables such as ceiling height, room 

depth, and room size relationships to the window area must be considered. Other 

variables that affect interior light distribution are surface color and reflectance 

characteristics 011 both interior and exterior surfaces (Evans 1981: 58). See section 1.2.3 

for information on color and reflectance. 

1.4.3 Window Location and Reveal Implications 

Youssef(1981) developed a dissertation study devoted to understanding the 

influence of the window position, area, and reveal shape on the quantity and distribution 

of daylight on the work plane. He tested window locations both in the middle of the 

facade and at the right side of the room with three types of reveals: 

a) straight reveal 
b) reveal beveled to the exterior at 45 degrees 
c) reveal beveled to the interior at 45 degrees. 

A model of a rectangular room was constructed and a number of tests were made and 

analyzed using a light meter positioned internally on a nine-point grid to measure the 

effects of daylight on matt surfaces with a reflection factor of 65 percent. The windows 

faced northeast with exterior daylight reflected from grass (23 percent) or concrete (55 

percent). Measurements were taken at floor and work surface height (Youssef 1981: 

199-210). 

His study involved a variety of visual tasks performed in the home requiring the 

best delivery of daylight through a window. 
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Dr. Youssef concluded that: 

The shape of the window reveal has a significant influence on the distribution 
and quality of illumination admitted into the building. The external reveal is more 
efficient in this respect than the square and internal reveal. 

FIGURE 1.11, Window Apertures and Reveals, After Evans 1981: 73 
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1.4.4 Clerestories 

Jeremy Jones (1984: 39) recommended using skylights or clerestory windows 

positioned high on the window wall that bring light deep into interiors. Windows in the 
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roof or placed high 011 walls have advantages over skylights since they are protected and 

can be user controlled. Operable clerestory windows, located close to the ceiling, are 

good openings for ventilation. The occupant can monitor comfort levels and vent summer 

heat build-up at night and cool interiors. 

Clerestory windows can be used in window-wall configurations or over doors. 

Where privacy is desired, in a bedroom or a bathroom, place a window high on the wall, 

with the sill at about 44 inches from the floor. 

1.4.5 Skylights 

Skylights admit direct light and heat most of the day but are parallel to the cool 

night sky. They usually require special framing in the roof Sometimes a skylight is 

exactly what is needed in a small windowless area such as a corridor or shower. In all but 

the mildest climates, they are cost effective. Thermal pane or gas fill glazing modifies 

condensation to and reduces heat gain and losses. If a view of the sky is not desirable, 

insulated translucent products are recommended. I11 smaller sizes, four feet square or less, 

and single-piece units are the least susceptible to leakage and other problems. High-

quality larger units using several panes and framing members are also quite reliable and 

available (Jones 1984: 32). Operable skylights can be occupant monitored to vent ceiling 

heat. Skylights are usually operated with a manual or automatic sensor (thermostatic 

controls), or may be operated by motorized controls activated by a switch on the wall or 

crank type extension devices. 

Toplighting with skylights is often limited to a single story or the top level of a 

multiple story home. An open atria or light well may light more than one floor level. 
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Skylights have a minimum HVAC impact yet contribute to an effective daylight 

distribution in a room. Skylights provide enough light, even on cloudy days, to eliminate 

the need for electric lights, thus reduce energy loads (Lam 1986: 68-69). They produce 

daylight for safe movement in rooms without access to exterior walls and windows such as 

halls, bathrooms or multiple stacked rooms. Clear-view skylights create romantic moon 

and star scapes in bedrooms. 

1.4.6 Window Styles and Designs 

Changes in location, family members or lifestyle may require building a new home. 

When family sizes change, a remodeling project may be a better choice rather than 

changing residences. 

FIGURE 1.12, Window Operations Checklist, After Hastings and Crenshaw 
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When relocating, building, retrofitting, or remodeling, look for new windows will 

provide great illumination and organize views with the function of the room and 

placement of furniture. The look of a home should be considered in order to meld 

appropriate window style or configuration to the facade. Basic window styles that have 

withstood the test of time and used over the years and are listed below: 

.. Sliding windows have movable sashes that slide horizontally from side-
to-side 011 tracks. These windows allow air movement through one pane as 
the open pane stacks in front of the closed pane. 

.. Double hung windows have been widely used for centuries. Usually both 
sashes move up or down in groves in the frame. Weights or springs 
control positions. For example, Marvin and Anderson Window Companies 
offer windows that rotate within the frame for easy cleaning. These 
windows are good choices for walkways or porches since an open window 
doesn't protrude past the facade to impede movement. 

.. Casement windows have sashes that swing outward. They scoop air into 
a room but may interfere with movement past an open window—ouch. 
They are easy to operate with a crank and fit snugly in a closed clamped 
position. Choose a window with an arms width between the frame and 
hinge opening for easy cleaning. 

.. Awning windows pivot at the top with an inward 01 outward-tilting 
movement. Sturdy hinges are necessary to prevent the sash from twisting . 
These windows provide air movement while protecting from rain and direct 
air upward into a room depending 011 the sash angle. 

.. Hopper windows are the reverse of awning windows and pivot from the 
bottom inward. They direct air upward thus make a good office window. 

.. Jalousie windows are made from a number of horizontal glass slats set in 
metal clips. The slats crank open and closed in unison. They do not seal 
tightly and are energy losers. 

.. Rotary windows have sashes that rotate 011 pivot 011 each side of the 
frame. These easy-clean windows protect from rain since the pane shelters 
the opening. 
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.. Projecting windows, a bay, bow, oriel, box, or other styles add useable 
space to the interior and enhance the view. 

.. Clerestory windows or ribbon windows run along the top of a wall close 
to the ceiling. They admit natural light into deep interior space but 
maintain privacy since they are above the line of sight. 

.. Cathedral and multistory windows are made with large expanses of glass. 
They admit large amounts of light and view and often follow the slope of 
the roof line in a vertical configuration. They may use a mix of stationary 
and openable windows (Braasch 1982: 11-13). See FIGURE 1.13 

1.4.7 Window Walls 

A window wall produces panoramic views and can be assembled from units in like 

sizes or combinations of compatibly-grouped various sized windows. These windows can 

fulfill ventilation needs by including some operable windows combined with fixed 

windows. The fixed windows are usually 15 percent more energy-efficient than operable 

windows since they can be tightly sealed into their frame on the window wall. 

Major manufacturers assemble hybrid units that are referred to as "made-to-order" 

or "custom-stock". They select from a vast range of "standard" styles and sizes to 

produce a custom design effect at the factory after the order is placed. These windows are 

custom built but are more economical and faster to assemble than custom fabricated 

orders. For example, the Marvin Window Company offers over 11,000 sizes and shapes, 

so they can fulfill exact specification needs. In addition to traditional units—fixed, 

casement, double-hung, slider, awning, and hopper windows—a majority of the 

manufacturers offer a multitude of competitively priced, factory-made, specialty windows, 

to excite a designer's imagination. Non-rectangular shapes from Gothic arches to 

polygons and full-rounds are readily available (Vandervort, 40, see FIGURE 1.13). 
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Most major manufacturers fill special orders for window wall units. They join 

units at the factory from individual stock windows to form a window array that are often 

crowned with an accent shape. These units are usually installed between pre-measured 

vertical studs that support each window. 

Some of the following precautions should be observed: 

. water and air leaks may occur if too many connections and divisions are used 
to separate windows 

. installing wood windows along side metal frame units or combining windows 
from different manufacturers sometimes result in water and air leaks 

. mixing window brands or styles can lead to distasteful design problems 

. preplan to avoid inconsistencies or variances from window to window, 
glass tints, jamb sections, or trim lines 

. install energy-efficient windows to minimize draft effects, or heating 
and cooling needs 

. install registers beneath glazed window walls to prevent cold drafts 

. a window array requires consistent trim widths and header alignments to 
strengthen and unify the window assembly 

. align horizontal and vertical dividing for consistent design relationships 
(Dickinson 1989: 49-50). 

Windows themselves can be beautiful. Their unique architectural character make 

them worthy of notice as an important design element to both interior and exterior. 

Windows lend a flavor or element of time through the choice of style. Casements with 

divided lites, crowned with a fanlight and sunounded with wonderful wide casings reflect 

history. Trapezoids and polygons create verve as they punch through the skin of modem 

homes. A variety of window styles and combinations can be seen in FIGURE 1.13. 
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FIGURE 1.13, Window Walls, Windows in Like Sizes (Dickinson 1989: 49) and 
(Anderson Windows 1989: 25), (Peterson 1991, May: 35) 
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Sufficient thought must be given to window placement and design unity before the 

construction of a new home or a remodel a project. Traditionally, windows are positioned 

according to habit. Outmoded, blind logic or timeworn patterns often result, such as 

centering one window on the wall of a room. Often, building codes for commercial 
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houses will determine the window size, placement and number to be used (Ibid., 48). A 

memorable window effect is the challenge of the architect or interior designer. Today's 

cutting-edge windows are high-tech, energy-efficient performers that create a beautiful 

light-filled interior ambience. 

1.5 Windows That Protect Interiors 

1.5.1 Sun Blocking Energy-Efficient Windows 

Sun control glazings have been used in commercial installations since the 1960's in 

commercial buildings where glass walls in multistoried buildings were the vogue. Air-

conditioning was a priority and energy loads were heavy since the sun on walls of glass 

created extensive heat gain. Although tinted glazing with a low SC (Shading Coefficient) 

has been available for a number of years, it was not used in homes since the characteristic 

heavy tint blocked visible light transmittance and darkened interiors. During daylight 

hours, tinted glass and Heat Minor windows are opaque to outside view looking in, but 

people inside can see to the outside. At night, electric lights cause the glass to become 

transparent and people on the exterior are able to see into buildings. This resulted in a 

loss of privacy. Venetian blinds became the mode for blocking sunlight during the day and 

the view in at night. 

The most significant advancement in glazing during the past few years is the 

development of low-E (low emissivity) coatings on film and glazing systems. This system 

is discussed in detail in Chapter 6. Low-E glazing provides significant light protection to 

interiors during summer overheating periods and reduces winter heat loss. The space 

between the glass is insulated with argon or an argon and krypton gas combination. In 
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1990, Anderson Window Company began switching all of their windows over to low-E 

glass exclusively. The current average window unit performance R- values range fiom R-

2 to R-4. As a forecast of future developments, Willmar of Winnipeg has developed a 

window with an insulative unit value of R-12 (as good as a wall), equipped with quadruple 

glazing (2 heat minors), an efficient insulative edge-of-glass spacer bars and seals, 

combined with an 80 percent krypton and 20 percent argon gas fill. 

This type of technology is expensive and will remain that way until consumer 

demand and mass production catch up with this technology. Until volume sales are 

created, the medium priced window will use a single heat mirror film and the inexpensive 

argon gas fill, with a good edge of glass seals set in manmade extruded vinyl or wood 

frames. Currently, wood clad frames are available that give interiors a custom look with 

the beauty of wood finishes in laminated cherry, mahogany or pine (Popular Science 1994, 

March: 74). 

In Tucson, local window distributors were interviewed and responded to a 

questionnaire. They cited windows fi om their product line that they would recommend 

for the desert climate and recommendations for exterior shading on the facade or fi om the 

microclimate. Orientation was also addressed. Nationally known window manufacturers 

and their representatives are: 
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Unit U Value Center-of-Glass SC 

... H P Sun II with argon gas fill, .29 .24 .37 
Anderson Window, by Architectural 
Glass, Curtis Campbell, (Sales Mgr.) 

... Marvin Southern Low-E. with Argon .19 .21 .27 
Architectural Glass, C. Campbell 

... Cradco Windows & Doors .21 .86 
Creative Windows and Doors 
Don Thuresson, Owner & Mgr. 

... Norco Teton Series. Sun 145. low-E .24 .39 
Norco Teton Series, low-E 2 .24 .47 
Alenco Vinyl. 1500 Series low-E 2 .42 .62 

... Alenco Aluminum, Thermal with low-E .52 .67 
Feddick Window & Door Corp. 

... Heat Minor 66 Bronze, vinyl frame .32 .28 .35 
Anderson High Performance Sun, wood 
frame .32 .35 

... Marvin Southern low-E, wood frame .32 .35 
Architectural Glass Co. Representing 
Milgare, Anderson, Martin Glass Companies 
Robert B. Fueto national representative 

1.5.2 Ultraviolet Protection 

Ultraviolet solar radiation components lie inside the wavelength range of 10 to 380 

nanometers. In the 1970's, the solution to the energy crunch was to provide large 

expanses of south-facing window glass and sun spaces for new or remodel additions. The 

trend toward maximum glass walls continues to underestimate or disallow the damage that 

ultraviolet (UV) rays can do to furnishings, fabrics, and fine ait (Best 1990, March: 41). 

Ultraviolet light makes up only 2 percent of the total solar spectrum at ground 

level. Yet, it accounts for approximately 60 percent of fading damage to draperies, 
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paintings and upholstery from sunlight (Wilson 1990, August: 97). All windows cut UV 

light, but not enough to block much of the UV damage. Two panes of clear glass IGU 

(insulated glass unit) block 40 percent of UV rays. Low-E units boost the percentage of 

blocked rays from 60 to 75 percent. Since the 1990's most major manufacturers produce 

window units that block UV rays up to 99.5 percent. Look for Hurd Heat Mirror systems 

XUV, with low-E coatings with a .79 SC that block 99 percent of ultraviolet radiation 

without noticeable reduction of visible light transmittance. 

Other factors causing fading are moisture and artificial light. The problems of 

fading and degradation can be relieved but not totally resolved by low-E UV reflective 

films. Low-E reflective films can be applied to windows after they are installed. Martin 

Processing manufactures Llumar and 3M produces Scotchtint that block 99 percent of UV 

rays, but reduces daylight transmission by 50 percent, to reduce available light and darken 

interiors noticeably. Low-E blocks 99 percent of UV rays but allows 70 percent visible 

light transmittance for better interior illumination. Low-E films installed on the room side 

of the inner window pane are subject to higher levels of condensation and deterioration 

from moisture (Best 1990, March: 43). 

1.5.3 Sound Control and Windows in Homes 

Both acceptable noise levels and control of reverberant sound are the two primary 

aspects for sound control. Noise levels of 50 to 55 dB (A) (decibels) are in the maximum 

acceptable casual close-range communications in a room. The human average is 60 dB 

(A) at 1 m, at a conversational level. In kitchens or other noisy rooms in homes, 35 to 40 

dB (A) is acceptable. In bedrooms or other quiet rooms, preferable levels 25 to 30 dB (A) 
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will not affect sleep (Ruck 1989: 117). Single pane window glass provides little 

protection or insulation from outside neighborhood or busy street disturbing noise levels. 

FIGURE 1.14, Noise Levels in the Home Environment, After AAMA, 1988: 9 

Apparent 
Loudness Examples Decibels 
Deafening Jet aircraft 140 

Threshold of fcelinu 130 
Very loud Elevated train 120 

Thunder 
Subway train 1 1 0  
Nearby riveter 
Noisy industrial plant 100 
Office with tabulating machine 90 
Loud street noise 
Noisy office 80 
Vacuum cleaner 

Loud Average street noise 70 
Average office 60 
Congested department store 

Moderate Moderate restaurant chatter 50 
Average two-person conversation 
School classroom 40 
Private office 

Faint Bedroom 30 
Rustling leaves 20 

Very faint Normal breathing 10 
Threshold of audibilitv 0 

The determinants of acceptable sound levels inside homes or buildings are 

identified as: 

1) noise-induced hearing loss prevention 

2) speech communication ease 

3) noise prevention annoyance, including sleep disturbance 
(Ruck 1989: 117). 

Sound control has developed into an important design issue in homes and light 

commercial design. Excessive and/or constant noise is considered a pollution factor. 
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Appropriate window design technology can reduce, block and help to relieve traffic and 

other urban noises (a barking dog, air traffic, etc.). Multiple layers of glass and/or 

suspended film reduces such noises to a degree. Laminated glass is the most effective 

strategy but is more expensive than most low-E window units. Windows with good STC 

(sound transmission rating), recommended by Alex Wilson, as appropriate and available 

for home installations are as follows: 

... Saflex glass Company introduced Solarflex with a STC class in a 28-32 range, 
dependent on the spacing between layers of glass 

... Hurd's top-of-the-line window unit, InSol 8 is recommended for desert climates 
with two suspended films (heat mirror) and a STC value of 35. 

... insulating laminated glass, with a 1/2 inch air space separation, (1 
inch thick overall) achieves an STC rating of 42 

(Wilson 1990, August: 97). 

... Glass block in all patterns assembled with KWiK'N EZ silicone system 
has a STC rating of 3, is the best rated assembly system for sound control. 
Other mortar joining or assembly systems STC ratings range from 37 to 53 
(Pittsburgh Coming 5/92: 12). 

1.5.4 Security That Delays Fire and Protects From Intruders or Accidents 

Security glazing applications have emerged from the commercial applications into 

the residential area. High-strength laminated glass systems serve three protective levels of 

home security needs: for sound reduction, security from intruders, and have a minimum 

45 minutes fire resistance rating. 

Glass block is also identified in this section for its unique protective character. 

Glass block is specified for many home construction designs for its Art Deco look; 

privacy, noise reduction, energy efficiency, and protection from intruders. Glass block, in 
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all sizes except 12 x 12 of REGULAR SERIES PC Glass block products are encased in 

panels up to 120 square feet. These panels have a 45-minute fire rated window assembly, 

issued by the Underwriters Laboratories. The steel channel framing system is rated higher, 

from 45 to 90 minutes (Pittsburgh Coming 5/92: 12). 

Other fire-rated glass on the market is: 

...SuperLite, designed and priced to replace wire glass at 20/30 
minute fire ratings and is impact resistant. The glass is non-
yellowing, colorless and distortion free. GPX, Glassprotex, 
manufactures SuperLite 10 times stronger than wire glass. 
(Architectural Record, 3/95: 1-2, insert). 

...Firelite distributed by Technical Glass Products, is 3/16 inch thick 
and can be purchased separately or with frames. This glass is a 
replacement for fire-rated wire glass and is colorless (Technical 
Glass Products, 7/92: 1-5). 
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CHAPTER 2 

2 Orientation 

An ancient universal principle of sun control used by the Greeks, Romans, and 

Anasazi Indians of Camp Verde, Arizona, was to orient buildings and the majority of 

apertures to the south to let the sun into buildings in the winter and to avoid hot sun in the 

summer with overhangs or other shading strategies. The recommended orientation by the 

Olgyay brothers is that homes located in Arizona should face 15 to 25 degrees east of 

south (Olgyay and Olgyay 1957 and AIA Research Corp., 1976, May: 11,71). This 

orientation is an underlying basic principle for the control of energy loss and heat gain in 

solar designed buildings with an approximate latitude of 32 degrees (Cook 1979: 40). 

In winter, south facing windows should be free of obstructions to let maximum 

amounts of cost-free sunlight into interiors for solar warming and light. There must be 

adequate quantities of thermal mass inside a home to store heat gained through south 

windows. During the summer overheated period, the sun is almost directly overhead and 

slightly to the north. Overhangs and shading in the environment can protect south facing 

windows from both direct and reflected heat gain. The insulating value of shading devices 

changes according to seasonal sun positions (Olgyay and Olgyay 1957: 73). The south 

orientation achieves a balance between the winter and summer solstices. 

2.1 Solar Protection and Window Orientation 

Most of the world's hot desert areas are located in the sub tropical latitudes where 

the highest intensities of the impinging solar radiation in summer occur in the eastern and 

western walls. In winter, the highest intensity of radiation is on the southern or south west 



74 

walls (AIA Research Corporation 1976: 189). In subtropical deserts this pattern of solar 

radiation on different walls results in a clear preference for a north south orientation for 

the main facades, especially for windows. This window face encourages easy and 

inexpensive summer shading protection for windows and the walls through use of 

horizontal overhangs. Such overhangs effectively block the high summer sun rays (solar 

noon altitude of 70-85 degrees) when irradiating the southern wall. In winter, the rays of 

the low sun (solar noon altitude of 20-35 degrees) can penetrate below an overhang and 

benefit from passive solar heating to interiors (Ibid., 189). The combination of both 

orientation and summer window-shading management will improve the interior's visual 

and physical comfort (see FIGURE 2.1) 

2.2 The Stereographic Sun Path Shade Determination 

Regional data is available to determine certain times of the year when shade is 

desirable. However, calculated overhangs are much more important than precision 

orientation (Cook 1979: 40). The overheated period transferred to sun-path diagrams 

(FIGURE 2.1), as a projection of the sky vault, determines orientation for shading 

strategies applicable to both horizontal and vertical shading elements. It is plotted on a 

shading chart using local temperature data (see Chapter 4, FIGURE 4.1). 
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FIGURE 2.1, Overheated Period Transferred to Sun-Path Diagrams, Source, Clark & 
Paylore 1980: 25. 

Phoenix, Arizona, 32* North fotitude. 

Solar protection is a physical problem that involves the discipline of physics such 

as mechanics, thermodynamics, physical and physiological optics, and factors of reflection, 

absorption and refraction (Dantz 1967: 6). Methods of exterior control involve fixed or 

movable window facade protection methods that depend on the residents' physical 

interpretation of comfort demands for solar heat and light. These components vary with 
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time of day, season and prevailing atmospheric conditions. Fixed devices are usually more 

expensive compared to movable devices (Ibid., 6). Architectural designs that render 

optimum view, thermal radiation, and lighting performance are a high design priority 

(Lam 1977: 113). 

The projection of building elements that provide summer shade and allow winter 

sun penetration, is determined by the seasonal changes in the sun's altitude angles. A 

simple way to comprehend the movement of sunlight across a horizontal plane in relation 

to an object is to plot the shadows cast by the top of a flagpole. This involves fixing the 

flagpole's location and height, then laying out the bearing and altitude angles for each hour 

of the day on the equinox and summer and winter solstices. The shadow paths 

asymptotically approach the sunrise and sunset bearings and are symmetrical on either side 

of noon. The three shadow curves (see FIGURE 2.2) are very useful in the design process 

for solar advantage. The height of the flagpole is chosen to represent the height of the 

building. This process becomes a freehand approximation of the shadow paths that can be 

drawn without referring to the sun charts or tables. For further information refer to 

Namazian 1980: 73. 
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FIGURE 2.2, Flagpole Shadow Paths, Source, Namazian 1980: 73 
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2.3 Solar Design, and Energy Efficient Orientation 

Proper orientation of windows on a home involves specifying a window that meets 

the demands of a particular direction. Specifying one type of window for all sides of a 

home wastes money and energy. This usually results in over specification for some 

directions and underspecification for others. 

A western exposure experiences the greatest amount of daily thermal radiation 

from summer afternoon sun, the window size and number of windows should be limited. 

It should be protected using adequate shading design. This protection can be derived from 

a number of strategies and combinations discussed in Chapters 3, 4 and 5. Design 

specifications range from deep overhangs, porches, egg-crate or adjustable vertical 

louvers, shade from vegetation, and heat mirror low-E windows. These design strategies 

can relieve problems of overheating and glare on the window that translates into interior 

discomfort. Current advanced window design and technology reward interiors with the 

lighting and thermal comfort. 
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2.3.1 Window Orientation 

Windows and skylights are the most sensitive portion of the shell (skin) dominated 

house to excessive heat gain in the summer and heat loss during winter seasons. The 

majority of windows that illuminate collective living areas may be placed primarily on 

south walls, with additional windows on the north. South windows should be well shaded 

on the exterior by overhangs, trellises and deciduous trees. East and west windows, if 

any, should be shaded by vertical shades and louvers or egg-crate designs to protect from 

the low setting sun angle heat and glare. 

An orientation toward a view and ventilation are design strategies that should meet 

the demands and needs of occupants of the home. To expand interiors visually, windows 

should be oriented to select views as discussed in section 1.1, Window View. 

Ventilation strategies and demands for a home in the desert are discussed in 

section 1.3, Window Ventilation. Operable windows, skylights or vents must be located 

both on the windward and leeward sides of the house to allow the cool, night air to flow 

through the house (A1A Research Corporation 1976: 189). 

Major site, home, and window orientation considerations relating to a well 

designed, energy efficient home, and regulate interior comfort are: window orientation, 

views, access to the house from the street, privacy, and orientation to winter sun and 

summer breezes. On a normal lot, the house is probably going to be oriented to the street. 

This may involve compromises. The home may need to accommodate the look and feel of 

the neighborhood, yet orient living spaces in the preferred direction. Orientation of 

windows support interior functions of rooms and personal preferences can be determined 
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during the preliminary design to fit client living patterns. A preliminary planning stage 

may assist in the choice of compatible combinations of natural lighting, views and 

ventilation that serve interior functions (Blume 1992: 26). 

The following points should be considered for optimum solar orientation and 

specification of energy efficient windows according to Wilson, a technical writer and 

energy expert in Battleboro, Vermont (1990, August: 97): 

...for south-facing windows, in structures using passive solar heat, look 
for a high shading coefficient and good energy performance. 

...west-facing large expanses of windows, where summertime overheating 
is likely to occur, choose a low shading coefficient that maintain 
good energy performance. 

...north side, ...solar gain is not an issue; heat loss is the main concern. 
Look for the highest available R-value (insulation capability) in 
windows. Consider one of the new super windows for large 
expanses of glazing. For small window areas, (with proportionally 
larger edge-of-glass losses), investing in very high center-of-glass 
R-values may not be cost-effective. 

...south- or west-facing skylights, look for the lowest shading coefficient 
available, such as a sun-control low-E glazing. If daylighting from 
skylights is important, low-E2 glazing will allow more visible light 
through the glass. 

...use patience and discuss the different possibilities with a manufacturer's 
representative the newest advances available in window technologies. 
Be aware that even the representatives may not be familiar with all 
the latest technologies or those prototypes in the development stages. 

For energy efficiency, the solar home in the desert looks for optimal solar control 

using glass as a filter, but the frame, edge-of-glass spacers, should act like a solid wall 

against conduction and infiltration yet cushion the thermal expansion and contraction of 

the glass. The window unit should have maximum resistance to conduction, convection, 
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and infiltration, since up to 30 percent of cooling requirements are often due to solar 

transmission through windows (Ibid., 12). 

The materials used in the construction of a house have different thermal 

characteristics, thickness and colors that reflect the effects of solar radiation received on 

different sides daily and seasonally. At high latitudes, nearly three times as much total 

solar radiation is received on the south wall compared to east and west walls in winter. 

Seasonal changes in azimuth result in summer solar radiation on the south and north walls 

that are half of that absorbed by east and west walls. The planing and construction stages 

of the house should address the changes of solar irradiation on the walls and windows. 

The arrangement of rooms will influence the delivery of solar heat to the proper spaces at 

proper times. The arrangement of the different living areas and glass surfaces requires 

different orientations to take advantage of the sun's radiation. See the table below 

composed by Jeffery E Aronin, that lists appropriate sun orientations for rooms in homes 

at or above a 35-degree latitude (FIGURE 2.3) (Namazian 1980, May: 50-51). 

According to Egan, the circles in the columns indicate orientations suitable for a given 

activity. Solar radiation, in the ultraviolet region, acts as a germicide and affects the health 

and well-being of occupants. Windows also expand interior space to form a visual 

connection with the environment (Egan 1975: 51). 



FIGURE 2.3, Desirable Sun Orientations for Rooms in Desert Homes, Attributed to 
Aronin, 1953 Climate and Architecture. Egan 1975: 37; Namazian 1980, May: 

n ne e se s sh w nvj 

BEDROOM 9 o 9 9 O 9 

LIVING ROOM • o| 9 9 

KITCHEN 9 9 0 9 

BATHROOH 9 9 9 • o 9 9 9 

FAMILY ROOM • 9 9 0 

LIBRARY • • 9 

WORKSHOP • 9 9 

2.4 List of Objectives 

. Maximize east and west (afternoon/morning) shade strategies 

. Consider long-range development effects near the site that might exclude 
sun on south facing windows 

. Availability or provisions of utilities 

. Consider the style of the neighborhood and neighbors 

. Existing view from site and desirable proposed changes 

. Privacy needs, visibility to and from the street 

. Window orientation and desirable street view 

. Orient blank walls, garages, and storage for weather protection 

. Utilize cool benefit from lower hillsides from early morning air movement 

. Incorporate southeast facing slopes for building orientation 

. Provide deciduous trees for summer shade and winter cooling 
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CHAPTER 3 

3 Site and Microclimate Solar Control Strategies for Windows 

3.1 An Arid Desert Environment and Ameliorating Microclimate Design 

The constructed environment in the desert provides comfort and protection from 

the elements. The stmcture and related adjustments impact the immediate surroundings 

(walls, paving, sidewalks and landscaping, etc.) to modify the existing natural 

surroundings or microclimate. Such adjustments should be in the character of the local 

microclimate. An objective of responsive environmental design, the home site, is to 

modify the extremes, with an increase in positive effects and to lessen undesirable effects 

of prevailing conditions ([Miller] Clark and Paylore 1980: 17). 

The creation of zones of comfort involves modification of existing environment or 

the creation of various microclimates for a particular use. Excessive or unprotected 

paving usually causes undesirable hot spots that affect windows and walls of homes and 

causes discomfort in interiors. To modify a microclimate, winds can be increased or 

decreased, warmth or coolness can be changed through an arrangement of vegetation. 

Reflective surfaces that affect heating and cooling loads can be altered through the 

selection of natural materials located near windows surfaces. Design considerations and 

strategies that address these and other microclimate design issues are discussed in this 

chapter. These design decisions relate to microclimate modifications and amelioration of 

the hot arid desert environment and contribute to thermal and visual human comfort in 

interiors. 
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3.2 Desert Vegetation That Affects Interior Human Comfort 

Trees and plants are beautiful to look at, but in hot, arid regions, they play an 

important part in tempering severe desert climatic conditions. Vegetation in the desert 

provides an extremely important service by an increase in human comfort, in both exterior 

and interior environments (Duffield 1982: 18). Trees and plants in the desert can reduce 

the effects of the hot dusty wind on the facade of homes. Protective shade and moisture 

produced by leaf transpiration of the tree canopy increases humidity and reduces the 

temperature on windows and walls in the microclimate (Dantz 1967: 71). 

3.3 Exterior Shading for Windows in the Microclimate 

The use of exterior shading to protect windows during the day tempers 

overheating of interiors. Winds and breezes can be controlled and channeled with trees 

and berms placed in strategic locations. Dense ground cover slows night time reradiation 

and tends to trap the radiant heat and retard cooling (Scalise 1975: B-17). Each tree can 

be the source of a microclimate that provides cooling shade, protection from wind, heat, 

and glare to serve a variety of cooling needs (Claridge 1980: 20). 

The foliage and branches of plants will selectively reflect, absorb and transmit solar 

radiation. Loose open foliage and branch structure filter radiation and allows some 

sunlight to pass through. The rough textures of leaves, compared to most manmade 

objects, and the leaf canopy present a multi faceted surface that efficiently diffuses 

incoming radiation. Needles and small-leafed plants commonly found in desert landscapes 

are very effective at reducing glare from reflective surfaces (Clark and Paylore 1980: 27). 

Trees are useful as wind breaks or may shade large areas, while trailing shrubs and vines 
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may cover trellises to provide color, texture, and shade walls. 

The microclimate provides a tempering effect for windows and interiors. A view 

to a green garden or tree "feels" cool and restful. Native trees and vegetation adapted to 

the hot, dry climate with a unique leaf design, can catch dew or fold in the heat of a 

summer day to conserve water transpiration. Leaves that form tree and bush canopies are 

usually medium to small and provide a vented, filtered shade. Night-sky reradiation from 

the ground can pass uninhibited through canopies. This promotes desert evening cooling 

relief(Duffield 1986: 9). 

3.4 Microclimates and Site Considerations 

Defined boundary lines do not exist that separate the large warmer climate regions 

or smaller, cooler microclimates. Gradual changes produce a merging effect of climate 

regions (Duffield 1981: 9). The ground slope, elevation, surface composition, color, 

exposure to the sun, direction and intensity of wind, and other factors combine to produce 

climate variations. Topography, exposure, and major land form influences, such as large 

bodies of water, mountains and canyons, produce tempering effects in the microclimate 

(Claridge 1980: 101). Each climate region is made up of smaller climates or 

microclimates. Such areas can be the size of a canyon or a small comer in your yard 

(Duffield 1981: 9). 

Effective measures for solar control in the desert begin with the selection of a 

favorable site. A good combination of altitude, orientation and slope is of prime 

importance to control the impact of solar heat gain. 

Lower hillside locations are preferred sites as opposed to narrow canyons or 
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depressions. Negative ground forms become heat traps since they receive glare and 

radiated heat from surrounding terrain. Here, there is little chance for relief from breezes 

to carry away accumulated heat. "Cold air lakes" often form in low-lying areas due to 

cold air drainage from higher elevations (Clark and Paylore, 1980: 19). 

Thermal belts are large microclimates that are generally warmer at night since they 

are above the inversion layer and cooler during the day than the other surrounding 

climates. They soak up and store radiant heat in the ground in winter and release it at 

night. The heavy, cooler air drains down the slopes to lower levels (Duffield 1981: 9). 

They are comfort zones that make ideal locations for homes and plants (See FIGURE 

3.1). 

The recommended orientation for a home in the desert is 25 degrees east of south 

where an optimum balanced annual heat load is achieved. Western exposures are a poor 

choice as they receive the highest annual temperatures in subtropical latitudes ([Miller] 

Clark and Paylore 1980: 20). 

FIGURE 3.1, Thermal Belts and Cold Air Basins, After Clark and Paylore 1980: 20 

VkxH-ffiWUL B£Lf 

In the summer, radiant heat is released from surfaces to the night sky and is 
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replaced by cooler air moving from higher elevations during the draining effect. This 

enhances slope air movement creating comfort levels. 

It is necessary to make an on site inspection before building or relocating, to assess 

the natural site factors (variables) of elevation, angle of the incidence, the vegetative 

cover, also natural outcroppings that influence the air movement and temperatures on a 

site according to Claridge (1980: 101). This inspection can save beneficial natural 

vegetation and topography that can be irretrievably lost to indiscriminate bulldozing. 

Shading effects from undisturbed native trees and plants can make a positive contribution 

to the microclimate and protect wall and window surfaces from the sun and wind. Mature 

deseit vegetation is an asset that takes years to regrow. 

3.5 Indicator plants 

Certain plants growing in nature can be indicators of microclimates. In the 

southwest, Arizona Rosewood and Mexican Blue Oak thrive in a lower elevation on a 

north slope. These plants would indicate a cool location for a home. Close by on a south 

slope, the growth of native plants such as jojoba, brittlebush and ironwood indicates a 

warm location for a home site. Ironwood growing in an area indicates a desirable location 

for citrus trees and home sites (Duffield 1981: 9). 

3.6 Zones of Plant Suitability 

The zones of suitability or identification of microclimates for various plant types 

are important to the success of the protective living environment. Survivors or evaders 

are desert plants that have adapted to the arid desert environment. From a water 

conservation and survival standpoint, they are an important consideration for arid 
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microclimates that depend on natural rainfall. Plants should be grouped in zones 

according to watering needs or schedules. The location and type of plant will influence 

water consumption or con sei vat ion (an important issue in the Arizona desert). Plants in 

protected locations, under overhangs or behind walls, will require less water than plants in 

a windy location (refer to FIGURE 3.2). 

FIGURE 3.2, Suitability Zones for Plants That Protect Windows and Interiors, After 
Clark and Paylore 1980: 37 

Huller Buffer 

ZONCl -ZON0 2j z o r t & s  

Low water use Medium Water use I iigh Water I Jse 

An oasis zone (3) should be located closer to the house, where choice high water 

use plants can add an exotic splash of color and shape, provide cooling transpiration, and 

shade windows and wall surfaces. This strategy prevents summer solar heat buildup and 

complements the interior window view. Transpiration from the foliage mass maintains a 

moist cooling effect near window surfaces. 

The edges of the property usually suffer from low water use and are the most 

exposed of arid zones on the site. Zone 1 lends itself to large-scale trees and shrubs that 

serve either as a buffer to activities and wind or may frame key views. Low water use 
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plants should be placed here according to Miller (Clark and Paylore 1980: 36). 

Native trees and vegetation adapted to the hot, dry climate are ideal for zone 1 

because of their low water demands. Their unique leaf designs catch dew and some fold 

during the heat of the day in the summer to conserve water, and provide a vented, filtered 

shade on window surfaces. The foliage and branches of plants will selectively reflect, 

absorb, and transmit solar radiation. Vegetation with a loose open foliage and branch 

structure will filter direct solar radiation, allowing a portion to pass through the canopy 

and produce a soft glare-free dappled shade on window surfaces. Dense foliage and 

multiple layers of a tree canopy can almost totally obstruct incoming radiation. Since little 

radiation penetrates, the result is cooler temperatures at the shaded side of leaf surfaces. 

This results in reduced temperatures on shaded windows, ground, and other surfaces 

during the day (Clark and Paylore 1980: 27). Night sky reradiation from the ground can 

pass uninhibited through such canopies. The interior heat accumulation in the home can 

be exhausted through open windows due to a 30-degree day to night temperature 

variance. 

The south, southeast, and west locations of microclimate zone 1 are the 

recommended locations for deciduous trees, planted 20 to 30 feet distant from the house, 

depending on the size of the mature tree canopy (Clark and Paylore 1980: 27). All trees 

provide a variety of wind and sun screening protection. 

Zone 2 is a transitional zone with moderate water needs. Small areas of lawn used 

for recreation are useful in this buffer zone. Drought-tolerant plants are the best selection 

here (see FIGURE 3.2). 
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3.6.1 Shrubs, Plants, and Ground Cover That Effect Interiors 

The texture and color of plants in the microclimate, in zone 3 near window 

surfaces, significantly reduces reflected heat and glare from the ground to the window 

surfaces and into interiors. Plants and ground surfaces create a softened, reflected, 

diffused light to interiors that is influenced by the texture and color of ground or plant, and 

its reflective capabilities just outside the window. This light is bounced from the low 

ground angle through the glass and deep into the room, to ceiling surfaces, then reflected 

to other surfaces in the room. The amount of reflected light depends on the color 

absorbance and reflectance performance of the ground cover and other surfaces close to 

window, ceiling surface, color, and the characteristics of other surfaces used in furnishing 

interiors (see FIGURE 3.3, Tempering). 

3.7 Planning the Microclimate, Outdoor Rooms, and Water Effects 

A carefully designed microclimate is a primary step in the control of seasonal heat 

gains and losses to interiors. Trees and shrubbery placed in the landscape effectively 

modify and control solar heat in the surrounding home environment. An arrangement of 

conifers on the north and northwest, in a zigzag pattern, will avert an eddy effect. This 

pattern allows wind to move between trees. Deciduous trees should be planted on the 

south and southeast to accommodate winter heat gain through unobstructed south-facing 

windows in the winter when trees lose their canopy. To produce daily cooling effects and 

reduce afternoon glare to interiors, group low branching trees on the west (Claridge 1980: 

37). Shrubs and ground covers produce ground shade and should be used instead of 

concrete or blacktop. Ground covers and small to medium sized plants should be located 
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relatively near the house and spaced close enough to shade the ground in summer, but not 

so dense that the foliage inhibits night release of summer heat. 

3.7.1 Trees and Placement 

For one to two story houses, deciduous trees provide a natural protective canopy. 

Shadow pattern and effective distances are the two major considerations for solar access 

landscape planning. These shading characteristics have an important effect on the extent 

to which trees cast shadows on a facade. For deciduous trees, the height at maturity, 

spread of the canopy, growth rate, the duration of the leaf season, and the density of twigs 

and branches are the shading controls that affect summer and winter heat gain to interiors 

(Erley and Jaffe 1979: 70). 

Each species of trees will vary in the brandling shape of the canopy. The canopy's 

shading capability is determined by the size, shape, seasonal leaf hydration characteristics, 

and the crown's size, shape, width and height. The local nursery can recommend a species 

that fits particular microclimate demands for sun exposure and watering requirements. 

3.7.2 Spring and Fall Leaf Development Relative to Over- and IJnderheated Periods 

The timing of trees is sometimes less than perfect, although deciduous trees 

provide shade comfort in the summer and let the sun into interiors in the winter. Ideally, 

the outgrowth of new leaves in spring should correspond with the end of the heating 

season and leaf-drop should correspond with the start of the heating season. Early spring 

leaf development and early leaf fall are important considerations for seasonal solar control 

on window surfaces. 

The person planning the site needs to specify a tree species that has a 
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developmental season that mirrors the passive solar window shading needs for summer 

protection but does not obstruct window surfaces in winter. Cold periods sometimes 

occur long after some species have a full leaf cover in the spring in warm winter climates. 

For example, weeping willows and certain poplars that leaf-out early should not be placed 

where they might shade south glazing. Almond trees or trees that bloom beautifully and 

heavily early in the spring, or trees that retain fruit or dead leaves late into the fall and all 

winter long, should be planted where they do not affect window surfaces (Erley and Jaffe 

1979: 94). A two-month overlap can occur when solar heat gain is desirable on 

unobstructed window surfaces. 

Other variables or factors that can be manipulated that influence leaf fall are: 

. watering and feeding practices: in midsummer, stop 
feeding and irrigation to force early leaf fall 

. pruning: unpruned trees lose their leaves before pruned 
trees thus minimize late summer pruning 

. wind: sheltering trees from wind encourages leaf 
retention (Ibid., 94). 

3.7.3 Built Exterior Living Rooms 

On a small lot, orient outdoor living rooms south or east of south of the interior 

shared spaces or living room. This exposure produces the best interior daylighting and 

winter solar heat gain advantages. The flood of sunlight through large windows or sliding 

glass doors promotes a cheerful atmosphere. The window view or a connecting door will 

expand and coordinate outdoor living activities with the indoor living space and activities 

of the house. 
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Peter Gisolfi, AIA, architect and landscape designer, architect Steve Vrimer, 

architect Jack Davis, and Rose Mary Duffield, a local landscape architect, all recommend 

use of the backyard as another living room that can become an elegant arrangement of 

open-air living spaces organized around minimal architectural construction. Suggested 

deciduous plant and tree combinations with appropriate shading constructions are: 

. a pergola with wisteria adjacent to the lawn in a sunny spot 

. painted trellises with a louvered roof to create a sense of enclosure 

. a lattice arcade with benches and vines for relaxing 

. a lattice gazebo with potted plants adjoining a pool 

. a screened summer house protected by native trees 

. a brick deck that spoils a fire pit (covered if not in use) 
near terrace and house. 

These structures or outdoor living rooms are useful as transitional organizers that 

expand or extend interior living rooms and their functions into the yard. The living rooms 

function as a shading strategy when located near windows, and provide protective shade, 

especially 011 the east or west walls and window exposures. 

A source for inspiration is the outdoor room by Louis Barragan of Mexico. This 

architect and landscape visionary inspired the world with his interpretation of outdoor 

living rooms of native lava rock, vegetation, architectural details, color, and unusual water 

effects. His designs employed the sight and sound of water with dramatic positioning of 

aqueducts and pools that reflected sunlight onto a variety of brightly colored walls. His 

stark but colorful architectural geometric designs delight the human senses by his vision of 
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roofless outdoor rooms. Barrigan and Dantz espoused the philosophy that each facade of 

a building must be separately considered to achieve the most effective composition of 

space and solar control (Dantz 1967: 58). 

3.8 Tempering Microclimates and Effects on Window Surfaces 

The microclimate can effectively control summer heat gain in interiors through 

avoidance of direct solar rays on window surfaces. Vegetation can be used as an 

intercepting or tempering device that controls the sun's rays before it can be transmitted 

through window glass. 

In desert regions, plants located in outdoor rooms and near the window surfaces 

provide both solar control and a beautiful window view. Vegetation promotes the 

following tempering effects that greatly affect interior comfort levels: 

. shades and cools roof, walls and windows, play area near a house 

. reduces and filters dust near the house 

. increase in humidity (in dry climates) 

. reduced temperatures in the vicinity of the house 

. control of wind speed when this is desired 

. manage air flow and increasing air speed if desired 
(Clark and Paylore 1980: 64) 

. reduced glare from reflective ground surface color 

. reduced albedo effects to window surfaces in summer 

. used as a privacy screening to the street 

. reduce street noise 
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. introduce or frame a Zen window view. 

FIGURE 3.3, Tempering, After Adams 1975: 98 

Shade from plants and trees will cause a ground temperatures drop of 10 to 20 degrees, 

(see FIGURE 3.4). 

FIGURE 3.4, Ground Reflectance Chart, After Flynn and Segil, 106 

Source 
Typical 
Reflectance 

Grass 6% 
Vegetation (mean value) 25% 

Earth 7% 
Snow: new 75% 

old 60% 
Concrete 55% 
White marble 45% 
Brick: buff 45% 

red 30% 
Gravel 13% 

Asphalt 7% 
Painted surface: new white 75% 

old white 55% 

Variables such as shading, reflectance, color absorbance, and texture "conditions" 

the light and heat that is reflected into the room through the window to produce a cooler 

(in the blue to blue green color range) glare-reduced affect to the interior. 

3.8.1 Evapotranspiration, Breezes, and Other Cooling Effects 

The growth process of plants and trees provides them with a unique ability to 
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buffer rapid temperature changes. This is an important consideration for tempering the 

desert climate. Plants transpire large quantities of water into the air daily. The amount of 

water added to the microclimate air is in proportion to the foliage characteristics in the 

plant or microclimate plants combined. The moisture passed into the heated atmosphere 

creates a cooling effect. Heat-tender plants thrive beneath the canopy of a tree due to this 

sheltering, cooling transpiration effect (Claridge 1980: 101). The same atmospheric 

effects of the plant microclimates influence cooling and moisture comfort levels of 

interiors during the heat of the day by reducing direct solar radiation on glass surfaces. 

The soil is cool under shaded areas and will absorb heat from the air faster than 

heat transmitted by conduction or convection. Proportionately, great quantities of 

vegetation produce humidity that requires a large amount of heat to significantly raise the 

ambient air temperature. In the desert, arid areas surrounding planted ground are the 

hottest through most of the day (Clark and Paylore 1980: 27). Summer diurnal 

temperature fluctuations can be affected by plants. Dense tree canopies and ground 

covers may trap warm summer air and slow reradiation and cooling to the night sky (see 

FIGURE 3.5). The characteristic thin air of the desert promotes night time diurnal 

temperature fluctuations of 30 degrees or more when botli built and natural surfaces 

release heat. It is important to design windows and skylights in desert homes that open to 

increase air flow of heated daytime air when cooling is desirable. 

The turned ground surface will absorb more radiation than it reflects during the 

day. This stored radiation reduces daytime reflected radiation and glare to window 

surfaces. The bare surface reradiates rapidly at night. 
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FIGURE 3.5, Reradiation Process, After Scalise 1975: B-13. 
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In winter, large bodies of water absorb heat to keep temperatures wanner. 

Surface water evaporation keeps environments cooler when temperatures are warm. 

Locations adjacent to irrigated agriculture or heavily watered landscape, such as a golf 

course or parks, have a lower nighttime minimum temperature due to evaporation 

(Duffield 1981: 9). 

In summary, architects and interior designers should consider the profound 

influence that shading, plant transpiration, evaporation, venting, and thermal reradiation 

has upon the energy performance of windows in heating and cooling a home. It is 

necessary to consider the microclimate in the design phase for the control of human 

comfort levels in the interiors. Since windows are the weakest element in the skin 

dominated home, energy efficient window designs are one of many variables that affect 

interiors. All the above variables contribute in their unique way toward the total energy 

efficient performance of window units, to fulfill the design needs of a home in the desert. 

This concept is discussed in Chapter 6. 
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3.9 Summary List for Microclimate Energy Efficient Design 

. match the mature lieight and spread of the tree in an effective microclimate zone 

. place large trees at least 20 to 30 feet from the house for effective shading 

. use small to medium-size trees to shade courtyards, decks, terraces, lawns 

. plant trees that will not drop fruits or seeds on lawns or outdoor furniture 

. match shade a tree provides to grass and other plants under its shelter 

. filtered shade is good for plants but not as cooling 

. western exposures need solar shade 

. block afternoon sun and north winds with private areas and high garden walls 

. vegetation can provide visual privacy, glare reduction, and reduce heat gain 

. analyze the location for strategic placement of trees, shrubs, ground covers, 
vines, and tuif 

. shield house and windows from strong winds with grouped trees or shelter belts 

. shaded walls and windows impede solar heat 

. intercept direct or reflected radiation to windows by shade and color strategies 

. the texture and color of turned ground will absorb and reduce reflected heat gain 
near window surfaces in summer 

. vegetation in the microclimate produces cooling evapotranspiration effects to 
increase humidity and a healthy environment for people, windows and 
plants 

. use dead air spaces for insulation and buffering effects on western exposures 

. use southern or southeastern slopes of site for major elevations of homes 

. in summer protect outdoor living spaces with vegetation, expose in winter 



3.9.1 Microclimate Effects on Window Functions and Interior Space 

. with beautiful views 

. a visual connection and expansion of interior to exterior living rooms 

. provide cheeriul, natural lighting to interiors 

. control and generate fresh air and ventilation 

. increase solar heating in winter 

. provide solar protection in summer 

. locate buildings in the "wind shadow" on lee side of hills 

. when possible, utilize south to southeast facing slopes 

. create protected sun pockets 

. capture the winter sun and reflect warmth into the living zones through 
placement and design of exterior walls and fences 

. use darker colors to absorb radiation near windows 
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CHAPTER 4 

4 Constructive Exterior Window Shading 

4.1 Window Shading Construction and Design Techniques Appropriate for 
Homes in the Desert Southwest 

Avoidance is the most efficient and effective energy-saving design strategy. 

Shading devices that avoid direct solar rays on the fenestration and window surfaces are 

the most effective and least expensive method of summer overheating control. The critical 

year-around shading design strategy is to avoid summer overheating, but allow winter 

sunlight to penetrate unobstructed window glass surfaces. There are many effective 

exterior shading design choices presented in this chapter that filter summer sun and save 

energy by reducing heating and cooling costs. Shading design strategies should be based 

on calculated overhangs and shading devices that respond to seasonal solar angle changes 

as described in Figure 2.1. 

The heat gained from the suns' radiant energy through window glass in winter can 

be stored in the interior thermal mass areas of the floors and walls of brick, concrete, 

adobe, saltillo tile, and stone. The stored energy is released by conduction (K) during the 

cool night hours in winter or during daytime hours in the summer as heat seeks an 

equilibrium and flows from warm to cool surfaces. 

Window glass is the critical area in the skin that responds to shading control. 

Shading complete walls also reduces air-conditioning loads in summer. A constructed 

shading device should extend beyond the window jambs on each side as far as necessary to 

assure shading throughout the morning and afternoon hours. For homes located in the 
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desert, window glass should be completely shaded for the six warm months between 

equinoxes (Cook 1979: 40). 

The effectiveness of any shading device depends on its ability to shade a given 

window surface during the overheated period of the year without intercepting the sun's 

warmth during the underheated times. In order to determine when shading is desirable 

and when it is not, the overheated and underheated periods must be defined. A 'shading 

line' of 70 degrees Fahrenheit is plotted on a chart using local temperature information for 

Phoenix, Arizona, at 32 degrees north latitude. See FIGURE 4.1, as an example of 

shading decisions. 

FIGURE 4.1, The Overheated Period Chart, source: Clark and Paylore 1980: 22 

Overheated Period Chart, 
Phoenix, AZ, 32 degrees N. 
The shaded area identifies 
the months and hours 
when shading is desirable. 
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The critical measurement for any shading device mounted on vertical surfaces is 

the ratio of the depth of the device to the dimensions of the wall and the altitude angle of 

the sun. Shading effects on windows are influenced by the seasonal movement of the sun 
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throughout the year as the sun travels across the sky. It is important to determine the 

desired percentage of shading to accommodate seasonal thermal demands, by identifying 

the location of the sun (Clark and Paylore, 1980: 22). See FIGURE 4.4. 

Valid general rules for orientation and solar control influenced by the sun's 

incidence angle are, according to Dantz (1967: 59): 

. open facades, windows and doors, should face north or south to 
avoid direct radiation from a low sun and consequent 
intensive concentration of heat 

. in the hot, arid climate zones, screen windows and other openings 

. each facade of a house has its special demands and must be 
considered independently to achieve the most effective solar 
control. There is no justification for using the same screening 
device on all four facades of a building (Ibid., 59) 

"The optimum orientation for a balanced annual heat load is in a southeastern 

direction." ([Miller] Clark and Paylore 1980: 20). Calculated overhangs should receive 

more attention than precision orientation according to Cook (1979: 40). 

4.2 Seasonal Window Shading Design on the Facade of the Home 

Radiant energy is received from all directions. Radiation is also received directly 

from the sun overhead or indirectly by reflection from objects in the environment. In the 

summer, solar rays should be intercepted before impinging on the window surfaces. This 

energy efficient avoidance is recommended as a primary decision procedure for energy 

control on north, south and western exposures. 

A variety of design solutions are available that solve window and wall shading 

problems through interception. Solid architectural barriers, such as roof overhangs, or a 
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cantilevered device (porch or sun deck), above windows and walls, represent appropriate 

design choices. Other interceptive methods, from simple palm fronds to sophisticated, 

motor-driven adjustable panels, have been used to protect window surfaces (Clark and 

Paylore 1980: 25). 

Such interception reduces 'direct' and/or reflected heat and glare by placing a 

barrier between the observer and the source of radiation from a reflective surface, or it can 

be 'indirect' by placing a barrier between the sun and a surface that causes the reflection. 

Intercepting barriers are an effective control of the adverse effects from excessive heat 

gain to interiors (Clark and Paylore 1980: 21, Refer to FIGURE 4.2). 

FIGURE 4.2, Intercepting Barriers, After Clark and Paylore 1980: 21 

REFLECTIVE SURFACE 

INDIRECT INTERCEPTION DIRECT INTERCEPTION 

Interception devices can obstruct the sun and reflect and dissipate solar heat to the 

outside air. For efficient performance, shading devices should be shaped to accommodate 

to seasonal changes of the sun path for Tucson (32 degrees' N. latitude) to benefit from 
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both summer shading and winter solar exposure and heat gain (V. Olgyay 1957: 65. See 

FIGURE 2.1 The Sun-Path Diagram in Orientation, and FIGURE 4.3, Fixed Overhangs 

and Awnings). 

On the desert floor, lower hillside locations benefit from cool air flow. This is a 

preferable home-site location if arrangements are made to interrupt the air flow during 

underheated times. Wind effects have marginal influence on protected sites with 

recommended orientation (Root 1985: 43). 

Excessive summer heat is a source of severe human discomfort in southwest desert 

regions. The cumulative effect of the following solar variables produces high levels of 

direct and ambient solar radiation on windows and walls: 

. direct shortwave radiation from the sun 

. diffused shortwave radiation from the sky vault 

. shortwave radiation reflected from the surrounding terrain 

. long-wave radiation from the heated ground and nearby objects 

Simple environmental filtering vegetation and solar controls are: 

. a light (white wash) color used for exterior surfaces and interiors of buildings 

. use vegetation near windows or walls outside, or in the house, for shading and 
moisture from evapotranspiration 



FIGURE 4.3, Fixed Overhangs and Awnings, After Cook 1979: 42 

A shading dcvicc is an extcntion of the upper chord of the roof 
truss. It provides shade for the whole wall. 
The window must be raised to a summer sun angle heigjit. 

/ 
3 

M4* il <>. 

The angle of the roof pitch affects tlie height of tlie window sill. 
'ITic height of the eve is also affected. Both are at a maximum of 44 %. 
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4.3 Fixed Construction Outsets: Balconies, Porches, Loggias, Decks, Solid 
Roof, Overhangs and Cantilevers 

The primary function of balconies and loggias is to provide an outdoor sitting 

space. These structures can be located above windows to provide protection from the 

sun. Also, a loggia can be designed as a setback located behind the bearing wall. This 

configuration forms an indentation on the facade, and shades windows on the back wall of 

the loggia. A composite outdoor sitting space can be created by adding a balcony on the 

loggia roof to combine the advantages of both loggia shading and design elements. A 

disadvantage is that windows are permanently shaded with this plan and interior 

illumination is reduced (Dantz 1967: 43). 

In the summer, balconies and loggias block direct and diffused solar radiation 

effectively and reduce solar heat gain to home interiors. Researchers working in the 

energy consei'vation field recommend that overhangs on east and west walls be equal to or 

greater than those on the south wall. 

4.3.1 Porches, Decks, and Patios 

A porch, patio or roof deck on the east and west exposures protects windows and 

interiors from glare and heat produced by daily low sun angles. These constructions or 

overhangs should provide a ten to twelve-foot wide shelter for windows on these 

exposures. Shading configurations protect open windows from rain and dirt (Sheinkof 

1992: 16). 

To analyze illuminance effects of windows on interiors and interior solar heat gain 

from windows, see Davlighting Design and Analysis by C. L. Robins 1986: 169. 
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4.4 Fixed Shading Devices for Windows: Screens, Egg-Crate, Louvers, 
Baffles and Lightshelves 

Solar radiation distribution 011 the walls and windows of a home is not uniform, 

and it varies according to the season and direction of exposure. Different orientations 

require shading devices that respond to the angle of the sun and duration of exposure. 

Suggestions by Miller are that southern exposures require horizontal configurations; east 

and west windows respond to south-slanted vertical or combinations of horizontal and 

vertical design elements, while north windows receive summer radiant heat reflected fiom 

the ground. Be aware that all shading devices, except for removable or retractable 

designs, reduce the effective light transmission capability of windows (Clark and Paylore 

1980: 25). 

4.4.1 South-Face Fixed Shading and Passive Solar Design 

Fixed window shading devices can enhance the exteriors of homes with color and 

texture, while protecting windows fiom heat and rain. Fins, cloth shade screens, and other 

shading configurations, can be mounted over windows to filter heat and glare. Screens, 

awnings, and louvered designs allow some view of the sky, allow air movement, and 

provide an adequate degree of daylight penetration. Calculated horizontal overhangs 

provide an effective summer solar protection for south-facing windows (Ruck 1989: 195-

6, see FIGURE 4.4). East and west window exposures require a design configuration that 

differs from southern exposures. 

4.4.2 East and West Facade Shading Design 

Windows located on the east, southeast, west or southwest facades, require 
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shading elements that use a horizontal and/or vertical plane and project out above the 

window. The egg-crate exterior shading configuration controls solar heat and glare 011 

vulnerable west windows. It combines the advantages of both vertical and horizontal 

louver shading, yet provides a view. Such configurations can shade from high, low, and 

oblique solar angles (FIGURE 4.5). 

Vertical louvers are an effective east and west shading configuration. They 

provide the best protection with adjustable elements to accommodate the sun's seasonal 

horizontal movement. They are highly effective if mounted close to the window (see 

FIGURES 4.5 and 4.10). Vertical louvers, or an egg-crate design strategy, provide the 

best daily protection. In Tucson, Arizona, shading devices should project out 

approximately 2 1/2 feet, corresponding to the height of the window, and at an 

appreciable distance above a window. Deep recessed windows set behind vertical fins 

achieve the best ventilation and shading protection(see FIGURE 4.4). 

Vertical elements can be designed to vary their angle in relation to the sun's 

position. Movable vertical louvers can provide SC's (shading Coefficients) from 0.15 to 

0.10. A photocell control device can set moveable louvers in a position that allows for 

changing light conditions (Olgyay and Olgyay 1957: 68-71). 
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FIGURE 4.4, Climate and Shelter Considerations, After Ruck 1989: 195; Egan 1975: 
29;01gyay 1957: 82 
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4.4.3 Color Strategies for Shading Devices 

Color influences the amount of light and heat transferred to interiors through 

window glass from the projecting shading structure. Dark colors used on the underside of 

the projection reduce reflected light and heat gain through windows. The solar rays are 

absorbed by a dark color and are converted to heat. This radiant heat is dissipated to the 

outside air before it is transferred through the window glass. If an increase of interior 

daylight illumination is desirable, a light color on the underside of a horizontal projection 

will reflect indirect ground light on to the ceiling and increase interior illumination levels 

(see FIGURE 4.6). When overhead projections cut visibility of the cool blue light from 

the sky, more of the warm red or green colors are reflected from the ground to interiors. 

Most shading devices are designed to diffuse incident solar rays and produce a 

glare-free illumination rather than bright direct sunlight exposed to interiors. Reflected 

glare-free light is the best natural light for interior work surfaces near windows. Fixed 

shading devices represent a compromise between requirements of sun control, daylight 

admittance and glare control. Movable or flexible sun-control systems perform better than 

fixed systems (Ruck 1989: 196). 
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FIGURE 4.5, East and West Shading Devices, After Ruck: 195;Egan: 29and01gyay& 
Olgyay: 82 
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FIGURE 4.6, Ground Reflected Light, After Hastings & Crenshaw 1977: 1-16 

When feasible, a separating gap between the shading device and the adjacent 

window is important to allow free air circulation and assure heat dissipation. The 

combination of a gap that eliminates trapped air, and the shading protection over 

windows, protects interiors from direct solar radiation and overheating. This will reduce 

summer heat gain by about 80 percent (Hastings and Crenshaw 1977: 2-15, 16). 

4.5 Adjustable Exterior Shading Devices for Windows: Roller Blinds, 
Lightshelves, Shutters, Fins and Awnings 

Movable shading systems that provide solar control are initially expensive to install 

but provide good sunlight management. An automatic system can control shading 

continuously and block direct summer sunlight penetration. The system will automatically 

adjust when shading is required. These systems often use an automatic electric light 

dimming control to optimize the integration of daylight with secondary electric lighting. 

This strategy provides a balanced interior illumination using both light sources, and saves 
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energy (Ruck 1989: 196). 

4.5.1 Exterior Shutters 

Exterior operable, louvered shutters can provide shade for windows during hot 

summer daytime hours. When closed, they also reduce heat loss and cold infiltration on 

winter nights. The heat transmittance performance of closed exterior shutters depends 

upon the heat absorbency of the shutter color. Dark colors absorb heat and light 

efficiently, and work to the advantage of winter heat-gain. 

Light colored shutters reflect radiant solar heat through window glass, increasing 

illumination while lowering heat gain. Light colors reflect heat and light. The absorbed 

heat is dissipated to the outside when shutters are open in the summer. Operable louvers 

can adjust to block the sun, yet allow air circulation to improve the insulating capability of 

the shutter. Effective operation requires the occupant make informed comfort judgments 

for interaction and management of heat and light control. 

In the winter, during the night, closed shutters reduce heat loss. The air space 

between the shutter and the glass provides additional resistance to the flow of heat to the 

outside. Air tightness of the space between the shutter and the glass is a variable that 

represents the craftsmanship of the shutter. A shutter with pivoting louvers is more 

responsive to air tightness control. Fixed louvers substantially shelter the insulating air 

film on the exterior of the glass relieve the scouring action of the wind and reduce 

infiltration through the window perimeter (Hastings and Crenshaw 1977: 2-21, see 

FIGURE 4.7). 



FIGURE 4.7, Heat Flow Through Glass, After Hastings and Crenshaw 1977: 1-3 
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Heat transmission through windows con be reduced by-
diminishing the amount of wind flowing across the glass. 
Glass *s a good conductor of heat and therefore affords 
little impediment to heat flow. However, a still layer of 
air at the surface of the glass does retard heat flow. 
Blocking the wind will protect this boundary layer of air 
from the scouring force of wind. 

Wind breaks slow wind velocity in the prevailing 
winter direction, as discussed in Chapter II. to reduce 
force of the wind against windows and walla. Therefore. « 
windbreak can be placed to divert winter wind away from a 
building without interfering with suiraer breezes since 
prevailing summer winds come from a different direction. 
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According to Paddison, wood shutters continue to be a mainstay for both exteriors 

and interiors, and enjoyed for their warmth and versatility. Wide louvers produce the best 

view, combined with heat and light control. Custom-made shutters can be specified with a 

wide 3 to 4 1/2 inch louver. The user may adjust the angle of the louver to deflect direct 

strong sunlight and heat away from the interior. This adjustment fills the room with a soft 

diffused daylight and permits a downward view with shutters semi open (Paddison 1990: 

92). (See FIGURE 4.8) 

FIGURE 4.8, Types of Shutters, After Hastings and Crenshaw 2-24 
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Wooden or vinyl shutters are available in a variety of colors with desert-textured 

to sandblast finishes. Shutters can be both useful and decorative (Paddison 1990: 92). 

Shutters offer reduced glare by blocking all direct sunlight. Operable louvers adjust to 

block the sun and allow a flexible control of heat, air flow, light, yet protect against rain. 

Bahama and Sarasota Shutters, hinged at the top (the best rain protectors) shade 

the window surface yet allow a view down. Glare from the sky dome is eliminated. 

Diffused light from a low ground angle is reflected through window glass deep onto 

ceiling surfaces and rereflected to other horizontal surfaces. This deep, diffused, reflected 

daylight aids in effective illumination of interiors (Hastings and Crenshaw 1977: 2-24). 

4.5.2 Awnings 

Awnings should be installed with a gap between the fixture and the wall. The gap 

promotes air circulation, prevents heat buildup, and wind damage. The shading efficiency 

of the awning depends on the opacity of the material in response to direct and diffused 

radiation from the sky. The table in FIGURE 4.9 gives transmittance percentages which 

correspond to the quantity of light penetration. 

Design specifications for effective awning protection should provide adequate 

window coverage and be orientation sensitive. In summer, a south-facing window 

requires minimal horizontal projection to provide shade all day. The ends of awnings 

should be closed to protect windows from low east and west sun angles. However, during 

the heat lag in September and October, when sun angles swing back toward the south at 

lower elevation angles, a deeper projection may be required to shade the entire window 

surface. 
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FIGURE 4.9, Heat Gain Through Single Glazed Windows With Awnings, After Hastings 
and Crenshaw 1977: 2-29, 2-33 
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East or west-facing windows require an awning that extends down most of the 

window height to produce protection from the low early morning or late afternoon solar 

exposure (Hastings and Crenshaw 1977: 2-33, review FIGURE 4.9, for examples of 

effective awning design configurations). 

Awning surfaces exposed to the sun should be a light color to minimize radiant 

heat absorption. Heat is transferred to the window in two ways: by solar radiation, or a 

rise in air temperature between the awning and the window. Light colored awning 

materials stay cooler and transfer less heat. White materials will reflect 70 to 91 percent, 

green canvas 21 percent, and dark green plastic 27 percent of impinging solar radiation to 

windows according to Hastings and Crenshaw. 

Awnings reduce glare and summer heat gain up to 55 to 65 percent on south-

facing windows and 72 to 77 percent on west-facing windows. They protect windows 

from rain yet allow a view out in a downward direction. In winter, awnings are removed 

to admit sunlight into interiors to prolong the life awning fabric (Ibid., 2-27,30, see 

FIGURE 4.9). Canvas acts as a translucent heat and light filter and can add design and 

color to the facade of a home. Successful window shading techniques can integrate a 

combination of exterior shading devices with interior shading strategies to successfully 

control adverse solar effects. It is important that the occupant monitor flexible shading 

systems to maintain a pleasant interior and save energy. 

4.6 Louvers, Trellises, Fins, and Egg-Crate Shading Devices 

Shading devices on window facades are divided into three basic design 

configurations: horizontal, vertical and egg-crate types. These can be used in a variety of 



118 

configurations and strategies for solar control. Louvered shading devices provide the 

most effective summer solar shading performance. They all perform in the same basic 

manner attached to the exterior to protect window surfaces from solar radiation and glare. 

Exterior horizontal louvered shades can be suspended from a patio roof or used to 

provide shelter on a constructed outdoor room, a patio, pergola or breezeway. These 

rooms can provide shading protection when constructed near windows. Horizontal 

shading devices are most effective on the southern exposures. The louvers provide free 

air movement that promotes uninhibited ground cooling without trapping heat on window 

surfaces. 

4.6.1 Trellis 

A lightweight trellis provides a ventilated summer shade, yet allows nearly 100 

percent of the maximum winter sunlight to enter a room through windows. A fixed trellis 

completely shades the window yet allows hot air to escape through the slats. Free air 

circulation prevents hot air pockets on window surfaces (Cook 1979: 43, see FIGURE 

4.10). Trellises can be removed and stored at the end of summer overheating season. 
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FIGURE 4.10, Trellis Shading Design, After Cook 1979: 43 
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4.7 Roller Blinds 

Roller blinds are a simple, versatile, and economical solution to the shading of 

large glazed areas. If possible, the blind should be mounted on brackets projecting 6 to 8 

inches from the wall to permit free ventilation of the space between the blind and the 

glazing. Rigid fastening is necessary for the bottom of the blind to prevent wind damage. 

Roller blinds, drop shades, and sliding shades are suitable solar protection for east and 

west windows, but they can cut off or limit views (Cook 1979: 45, see FIGURE 4.11). 
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FIGURE 4.11, Roller Blinds, Drop Shades, and Sliding Shades, After Cook 1979: 45 
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4.8 High Performance Security Shutters 

Security shutters provide privacy and security from intruders, and perform as 

exterior shading devices. These shutters can be operated either manually, or motorized, 

with an override system. A secondary hand-crank is available for emergency operation 

during power outages. Shutters fabricated with extruded vinyl or PVC are not 

recommended for hot, desert climates. Both types can warp due to the extreme summer 

heat. Aluminum stock, or aluminum 1-1/2 to 2 inch slat, with a foam fill, are the best 

choice for the extremely hot southwest desert climate. Heat gain to windows, according 

to manufactures, can be dramatically reduced from 130.4 BTU's with insulated glass to 5.8 

BTU's while closed. U values of .3 and R values of 3.3 were claimed by certified tests. 

These tests followed ASHRAE Standards (74-73). Disadvantages are the loss of window 
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view and ventilation while the security blinds are lowered. Information and specifications 

may be obtained from Solaroll Shade and Shutter Corporation, Catalog 555. 

4.9 Lightshelves 

Lightshelves provide shade, uncluttered views, and an excellent distribution of 

glare-free natural illumination to interiors. They reduce the brightness near the window, 

and redistributed daylight deep to interiors. The ceilings are illuminated from upper 

windows located above the dividing light shelf. A louvered shade on the bottom window 

reduces heat gain and glare. Important variables are the height of the ceiling, the divided 

window with a clerestory window above; the slope and width of the lightshelf, and the 

reflectance value of the horizontal surfaces (see FIGURE 4.12). 

In hot climates, the light-shelf should protrude over the lower window on the 

facade to insure adequate solar protection. Sunlight is deflected off the inside/outside 

protruding shelf and reflected onto the interior ceiling, and redistributed to lower 

horizontal surfaces and furnishings. 

Light distribution from a narrow band of clerestories can be increased by raising 

the adjacent ceiling height. The dimensions of the lightshelf are primarily determined by 

the solar shading requirements. The reflectance values of horizontal surfaces should be 

adjusted to meet the lighting requirements of various times of day and year. Maximum 

exterior and interior reflectance of the lightshelf is normally desirable (Lam 1986: 99). 
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FIGURE 4.12, Lightshelves, After Lam 1986: 95-99 
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4.10 Fine Screens 

Lam credits the Kaiser Aluminum Company with the creation of a shade screen 

with the smallest end of the horizontal louver scale. These screens are woven with a tiny 

1/16" x 7/8" opening configuration. They repel bugs, effectively shade glass, and reduce 

glare, but are difficult to maintain on the exterior. Located in interiors, they contribute to 

heat gain and do not assist with light distribution. Once damaged, they cannot be repaired 

(Lam 1986: 114). 

4.11 Exterior Rolling Shutters 

Exterior rolling shutters offer protection from wind and summer solar heat gain, 

glare, and UV fading. They can be raised to admit the sun for winter heat-gain, offer 

security from intruders, privacy, and reduce exterior noise. Rolling shutters reduce heat 

gain through double pane windows by about 50 percent. 

The interlocking horizontal hollow vinyl slats are stored in housing attached just 

under the roof soffit out of sight and above the window. To admit light and ventilation, 

the shutter can be raised slightly to expose small interlocking flanges that transmit air and 

allow a limited view of the exterior. 

Horizontal slats are arranged on a roller at the head of a window. They can be 

lowered to provide an opaque barrier to summer sun and block both direct and diffused 

sunlight. They are credited with a 35 percent energy savings. Some of the roll blind 

tracks are hinged to allow the entire lowered roll blind to project out from the window 

during the day. This provides natural ventilation concurrent with shading (Hastings and 

Crenshaw 1977: 2-9, see FIGURE 4.13). 
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FIGURE 4.13, Exterior Rolling Shutters 
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These shutters can be controlled with a hand crank, a counterbalanced strap, or 

with a motorized remote control, with an "up down" switch mounted on the inside wall 

near the window. 

4.12 Planning Lists for Exterior Shading Design 

4.12.1 Sun Screens 

. reduce summer solar heat gain on exterior surfaces to reduce energy loads 

. provide daytime privacy without blocking the view 

. reduce direct and reflected glare 

. block light reflected from the ground or adjacent buildings effectively 

. allow air movement and surface heat dissipation 

. reduce glare from a bright sky dome 
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4.12.2 Shading Projections 

. shade south-facing surfaces with calculated horizontal overhangs 

. design to intercept the summer sun, but maintain a view 

. design to admit the winter sun 

. recess west windows deeply between vertical fins 

. design south face with horizontal, flexible shading projections 

. east and west facing windows require 10 to 12 foot projections 

. west windows require vertical louvers or egg-crate projections 

. use dark colors on the underside of a projection to absorb heat 

. use a light color on the walls to reflect solar heat away from window surfaces 

. leave a separating ventilation gap between shading projections and wall to 
dissipate surface heat 

4.12.3 Shutters and Roller Shades 

. protect insulating air film against the window 

. ventilate and admit filtered light 

. protect interiors from wind, rain, noise, and glare 

. maintain privacy 

. pivoting louvers control light and heat loss 

. reduce summer heat gain 

. protects from winter night cold 

. inexpensive and accessible 

. provides security from intruders 



disadvantage of limited view 

can be swung aside, if hinged, when not needed 
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CHAPTER 5 

5 Protective Shading on Interior Surfaces 

5.1 Occupant Comfort Factors 

Adjustable shading usually protects interior windows from direct sunlight and 

glare. Interior blinds supplement exterior shading in the microclimate from plants, exterior 

dynamic or fixed shading devices, and energy-efficient glazing units (Lam 1986: 119). 

Interior shading is a primary light and brightness control that also affects outward vision 

and privacy, modifies views, and contributes to sound control when fabrics are used 

(ASHRAE Fundamentals Handbook 1981: 27.36). 

A principal advantage of interior shading accessories is the accessibility and ease of 

occupant management in response to exterior solar conditions. Energy savings 

requirements of interior shades are: they should retard drafts, trap air effectively between 

the shade and the window, insulate and reflect heat and cold to the exterior. A blind that 

fits within the window flame, with reflective material, can greatly improve the energy 

efficiency and performance in all seasons, and relieve draft effects of the window. 

However, interior protective window accessories, such as shades or drapes, may interfere 

with the opening of in-swing windows when both shading and ventilation is desirable 

(Hastings and Crenshaw 1977: 5-0). 

5.2 Interior Window Shade Treatments: Blinds, Curtains, Shutters, Thermal 
Blinds, Louvered or Venetian Blinds, and Tinted Vinyl Window Film 

5.2.1 Venetian Blinds 

Venetian blinds are one of the most effective interior daylighting and solar light 
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controls. The user can adjust the slats to exclude direct sunlight while reflecting and 

diffusing light onto the ceiling. A partially open blind allows a limited view. Closed 

louvers provide complete privacy and shading. Venetian blinds can be adjusted to a fully-

stacked raised position to expose the entire window surface and allow an unobstructed 

view or winter solar gain. These versatile shades tend to increase the ratio of ground-

reflected light and skylight into interiors without glare, according to Evans (1981: 81). 

Each slat will reflect or shade according to the angle of the louver in relation to the angle 

penetrating solar rays. 

Color absorption and reflectance is an important variable in the control of summer 

heat gain. Venetian blinds tend to screen views unless they are black or a dark color but 

may produce glare if very light or metallic colored. Black or dark colored slats convert 

light into heat. They also produce less glare when observing a view through the slats 

(Lam 1986: 113). Blinds with a dark color and a light color on the other side can be 

seasonally adjusted to allow winter heat gain by facing the dark side to the exterior. In 

summer, the light side can be tilted toward the exterior to reflect some convective heat 

back through the glass (see FIGURE 5.1). 
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FIGURE 5.1, Color Properties of Venetian Blinds, After Hastings & Crenshaw 1977: 5-1 

Slatted horizontal or vertical blinds can be tilted to 
provide maximum reflection of sunlight back out the window 
in the summer. Ar a 45 degree tilt with sunlight perpen­
dicular to the slats, blinds have the following properties: 
(74, ASHRAE: 403) 

Properties of Venetian Blinds 

TYPE TRANS. REM.. ABSORBED 

Light-Colored Horizontal 0.05 0.55 0.40 
Medium-Colored Horizontal 0.05 0.35 0.60 
White (closed) Vertical 0.00 0.77 0.23 

These characteristics translate into the following shading 
coefficients for blinds in conjunction with different 
glazing types: (74, ASHRAE: 402) 

Lam provides a different slant in his assessment of Venetian blinds. He claims that 

the small-scale interior louvered Venetian blinds are not only an architectural design after 

thought, but that visual noise is generated when blinds are left at random heights. In his 

words, "Visual noise results if all the blinds in a room are not uniformly arranged" (Lam 

1986: 113). Venetian blinds, as an interior louvered system, proportionately reject less 

summer heat than exterior louvers that provide equal quantities of light. 

5.2.2 High-Performance Venetian Blinds 

Scandinavian countries have used Venetian blinds, enclosed between two window 

glazings, for nearly thirty years. Alvar Alto introduced the concept in the design of the 

National Pensions Institute Building in Helsinki, Finland. The English followed his lead 

and produced a stamped decoration on a similarly functioning, glass-encased, plastic 

louvered blind. More recently, researchers at the Massachusetts Institute of Technology 

developed an adjustable, upside-down, reflector blind that is sandwiched between two 
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layers of glass. Although the louvers cannot be stacked like ordinary Venetian blinds, the 

horizontal axis is used to redirect sunlight. The light colored louvers can direct sunlight 

too dark-colored, salt filled, heat-storage ceiling tiles for solar gain purposes (Lam 1986: 

112-115). 

Pella Window Company manufactures a window unit with a slimshade Venetian 

blind isolated between two layers of glazing. The blinds in the three high performance 

designs are adjustable to reduce internal heat gain and glare by 82 percent (FIGURE 5.2). 

FIGURE 5.2, Energy-Tight Systems Pella Windows and Doors, After Pella 
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Addition of Slimshade permits 
precise control of light, shade, 
privacy, and reduce solar heat 
gain in summer by 82*s over single 
glazing. 

Transparent panel fused into the 
surface of the glass panel. It 
reflects heat on both sides—to 
retain interior warmth in winter, 
and direct outside radiant heat 
way in 3ummer—without blocking 
desirable light and solar heat. 
This offers the equivalent of 
"low-e" film with complete manage­
ment capability. 

5.3 Interior Vertical Louvered Blinds 

Vertical louvered blinds offer several flexible design and shading strategies such as: 

. they can be pulled aside to expose glass, permitting heat gain and view 

. they create supplemental interior shade for large-scale exterior shading 

. they look orderly whether open or closed 

. they are made in a variety of colors and textures 
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The above interior shading design strategies should be considered when specifying 

vertical louvered blinds for interior shading protection. Vertical drapes outperform 

Venetian blinds in reliability of operation and, also gather less dust due to their vertically. 

These blinds shake dust off during the opening and closing movement. 

S.4 Opaque and Translucent Sliding or Hinged Panels 

5.4.1 Shoji Screen Panels 

An appealing design element in traditional Japanese homes are the sliding rice 

paper shoji screens used to separate both interior and exterior living spaces. Sliding 

quietly on waxed wooden tracks, these handcrafted frames, glazed with translucent rice 

paper panels, create a delicate, mysterious, private environment. The ambience is of a 

quiet simplicity, order and beauty. In this sense Shoji screens may function in their roll as 

room dividers, pocket doors, or hinged doors screening cabinets and windows. This finely 

crafted object of ait filters direct sun rays but glows by sunset. 

Rick Mastelli (1991, October: 53) credited shoji screens as fine insulators, which 

block the convective air currents and drafts from windows. Open or closed, the screens 

create an atmosphere of order (see FIGURE 5.3). 

A moucharabie, traditional to the Middle East, is a carved wooden panel placed in 

glazed openings. They screen bright sun-filled exteriors into pleasurable interior visual 

illumination levels (see FIGURE 5.4), An arrangement of wooden cylinders grades and 

filters the light softly and provides privacy with ventilation (Lam, 1986: 122). These 

panels can be used to create a sensitive screening solution that can perform as a flexible 

interior wall and provide filtered light in desert homes. 
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FIGURE 5.3, Shoji Screens, After Lam 1986: 122, and Mastelli 1991: 54-5 
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FIGURE 5.4, Moucharabies, After Lam, 1986: 122 
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5.5 Non-Permanent Insulating Shade Films 

The infrared portion of the solar ray produces radiant heat. It can penetrate a 

single glazed window and literally bake furniture and carpets. An inexpensive way to 

reduce radiant heat and ultraviolet ray fading in interiors, is to install self-cling, reusable, 

tinted window film. 

A homeowner may apply the film to a wet, clean, window with a squeegee. When 

dry, it is cut to the window shape with a utility knife. Static electricity causes the film to 

cling to the interior window surface. Color choices are bronze or grey tints. These 

reflective tints block more than 50 percent of the solar heat and up to 80 percent of 

ultraviolet rays. This film may be lifted off of the window surface for winter storage and 

serve more than one season. Without the film, the unobstructed window glass allows 

maximum winter solar penetration for solar light and heat. 

Permanent films are usually professionally installed on the window glass since they 

are difficult for a layman to install or remove. Llumar offers an energy-efficient film that 

inhibits infrared and ultraviolet rays in the summer and winter. 

5.6 Adjustable Interior Window Covering 

5.6.1 Adjustable Fabric Drapes 

According to Evans, drapes are among the architects and interior designers 

favorite control devices. Flexible, user-friendly drapes add beauty, color, texture, and 

softness to an interior space. Fabrics are available that provide a range of weaves and 

surface reflectance that fulfill a variety of design requirements. Depending on the fabric 

weave, color and layering, drapes can provide a complete blackout or transmit any degree 
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of light desired. However, translucent panels, exposed to the direct sun, can become a 

glare problem due to surface brightness (Evans 1981: 87). 

Draperies should be installed and sealed against the wall to the floor or inside a 

window frame to the sill. This procedure creates a protective barrier at the window to 

maintain draft-free (when closed) winter comfort or provide shade in the summer. The 

effectiveness of a closed drapery as an insuiator is greatly impaired if conditioned air is 

free to circulate vertically between the drapery and the window. As heated air contacts 

the cold glass, the cooled air cascades back into the room at the bottom of the window to 

create a draft. 

5.6.2 Window Shades 

Windows shaded by overhangs or lightshelves benefit form shades that move from 

the bottom up instead of the traditional top-down. This design procedure blocks direct 

light and admits a pleasant, indirect, ambient light. Lam (1986: 120-1) recommends 

hardware made by Johnson Controls as the most attractive and efficient for this shading 

configuration. Another useful blind configuration consists of hanging two roller blinds, 

one pattern and one plain for an interesting visual effect and added insulation. 

5.6.3 Insulating Shades 

Quilted fabrics and reflective materials used in the space program can be used to 

create energy-efficient drapes. Materials that are reflective will bounce heat back into a 

room or to the exterior depending on the positioning of the reflective material to the inside 

or outside. Materials with vapor barriers can prevent moisture from reaching the glass and 

condensation. 
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Some materials possess "loft" that has inherent insulating dead air spaces. 

Layering materials can create unusual stimulating color effects and contribute to the 

insulation capability of the installation. 

5.6.4 Interior Window Shade Alternatives 

Bright rooms filled with joyful sunlight is the look for today. Minimal window 

coverings encourage maximum light penetration into rooms. There are times when the 

most effective window treatment is none at all. Beautifully detailed window combinations 

that look out on great views, demand minimal window treatment (Knox 1983: 13). 

5.7 Planning List for Interior Shading Design 

Draperies or shades can be installed and sealed to walls or window frames at the 

side. The design of the drape can repeat or complement the design theme of the interior, 

yet insulate the window from summer heat or winter cold. 

Energy-efficient drapes should possess some of the following qualities: 

. light color will reflect heat and light while dark colors absorb heat and light 

. decorate interiors with pattern, texture, and color 

. closed, tight-fitting, drapes provide a protective barrier 

. conditioned air should not circulate between drapery and window surface 

. open the drapes during the day in the winter to admit sunlight, and close tightly at 
night to conserve heat gain in mass areas 

. shade windows during the day in the summer and open drapes at night to allow 
heat reradiation 

. the drapery track should extend beyond the window to allow the drape stack to 
clear the window 
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translucent panels can produce surface brightness 

the weave, color and layering provide insulation qualities 

use a plastic vapor barrier for drapes in high humidity rooms 

natural insulating materials possess loft, and can be reflective, tightly woven, or 
coated 

the louvers on Venetian blinds or vertical drapes control sunlight and can be 
adjusted to any angle to respond to interior needs and seasonal solar angles 

pull shades of clear Mylar with reflective metallic films can be used to increase 
layers of air spaces that yield higher "U" or insulating values on windows 

t 

shades that pull from the bottom up produce a deeper interior light penetration 
with less glare and more privacy, especially with open space above eye 
level 
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CHAPTER 6 

6 Appropriate Energy-Saving Window Design Strategies 

6.1 The Southwest Desert Environment, Solar Radiation, Heat, Glare 

6.1.1 Solar Radiation 

Of the total incident radiation that strikes the earth's atmosphere, just 1/5 is 

transmitted to its surface, where it is either absorbed or reflected (Clark and Paylore 1980: 

18). Predominantly cloudless skies and thin air allows high amounts of direct solar 

radiation, over 10,000 footcandles (FC), or 107,600 LUX and more to strike the desert 

floor. The summer sun at a near vertical position from mid-May to mid-September results 

in increased direct horizontal illumination. Long, hot, dry days produce glare and an 

accumulation of heat on the desert floor that sends temperatures to uncomfortable levels 

(Hampton 1987: 23). 

Warm to hot-dry deserts occupy over 1/5 of the earth's surface. These desert 

regions lie in a belt between 15 and 35 degrees latitude north and south of the equator. At 

this latitude, where direct radiation is the greatest, temperatures average over 65 degrees 

fahrenheit (Ibid., 22; see FIGURE 6.1, the world map, to locate the Southwestern desert 

region). 

Arizona is divided into four climatic zones, where heating and cooling demands are 

determined by elevation and related weather patterns. The high elevations have large 

heating loads. In the low southern deserts, where the majority of the population resides in 

Phoenix, Tucson, and Yuma, cooling loads dominate. Tucson is located in the 

southwestern desert region of the United States (32 degrees 07, N latitude, elevation of 



FIGURE 6.1, Locator Map for the Project Sites, 148 Source: Masters of Light: 
Strategies for Skylighting in a Hot, Dry, Climate, Hampton. 
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2,584 ft) (See FIGURE 6.1). This latitude experiences an azimuth noon solar altitude 

maximum of 82 degrees on July 21, during the summer solstice. A low solar declination 

of 34 degrees is experienced on December 21, in the winter solstice (Hampton 1987: 22). 

Passive solar h eating can provide between 70 and 100 percent of winter comfort within 

the state (Cook, 1979: 9). This employs a predominance of south-facing window glass 

with a high shading coefficient and protective summer shading design strategies. This 

glass must be unobstructed in the winter and there must be sufficient thennal storage mass 

in exterior and interior walls and floors to store heat gain in order to qualify as an energy 

efficient home. 

6.1.2 Direct Solar Radiation, Reflectance, Glare 

The desert floor consists of light ground cover that is 35 to 40 percent heat and 

light reflective. The combination of direct and ambient reflected radiation leads to 

discomfort from summer overheating and glare in human environments, both interior and 

exterior. During the major portion of the year, afternoon shade is required making sites 

with east-southeast exposure preferable (Root 1985: 43). 

While brightness and brightness contrast are basic to visual 
communication, excessive contrast can disrupt the ability of the eye 
to perceive distant or close objects in fine detail. Disability glare 
conditions can temporarily cripple vision by destroying the 
observer's ability to adequately perceive a task, an obstruction, an 
object, or a space. These glare conditions can occur as a result of 
low, late afternoon sun, or from extremely bright light sources 
which are reflected into the human line of vision (Flynn and Segil 
1988: 23-24). 

Glare can be caused by low east morning or west sunset angles striking window 

surfaces and may result in visual discomfort in interiors. This glare is generally corrected 
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by reducing luminance by occupant interaction with an adjustment to the interior and/or 

exterior shading devices that redirect exterior solar heat and glare. 

6.1.3 Energy Efficient Windows Relative to the Building Envelope 

The building envelope that encloses the home is the main defense that filters the 

elements of the desert. It is the visual image of the built environment identified by the 

roof, walls, windows, and foundation. The window unit, frame, glazing, and seals are 

major elements of the window. These elements of the window unit presents the greatest 

potential for control of energy loss and gains in a home since windows are the weakest 

element in the building envelope. Radiant solar heat that penetrates clear glass usually 

conducts from 5 to 10 times more heat that a well-insulated wall (AIA Research 

Corporation, Energy Conservation in Building Design, 35-38). Large expanses of 

unprotected windows generally inflict undesirable glare and heat gain to interiors. This 

can result in wasted energy, costly utility bills, and discomfort to occupants. Timely 

window technology and design, and other alternatives, address energy problems. 

Light is usually taken for granted, although nearly 80 percent of the information 

received by humans is of a visual nature in an active information-seeking process (Ruck 

1989: 40). The windows of a house affect the quality of light to the interior. Well 

designed window units should deliver quantity light in qualities that meet the occupant's 

visual and thermal comfort needs. Natural light, through thoughtfully designed and 

oriented apertures of a home, has an impact on the quantity and quality of light transmitted 

to interiors that influence human perception. Natural lighting for a home, or any structure, 

is linked to building material specifications and should be considered as a part of the total 
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design concept and process, not treated as an applied or post decoration (Ibid., 40). 

The shape of the house, orientation, and window placement are design variables 

used in control of solar heat gain in shading protection Window technology has changed 

remarkably in the use of glass film spacers, seals and insulation products designed to meet 

the needs of desert housing. Leading glass manufacturers are producing "Super 

Windows" and "Smart Windows" that are a state-of-the-art window unit technology, 

insulates like an R-14 wall, filters sunlight, and provides a clear view. These energy-

saving design strategies are effective as separate decisions or can be combined with other 

strategies to increase their effectiveness. 

The design and specification process provides the opportunity for latitude that 

encourages original, creative, solutions by the architect and interior designers to address a 

successful home design that fits the architectural demands of desert dwellings, and client 

comfort needs. 

6.1.4 Traditional Window Design Strategies for The Desert Southwest 

Traditional homes were designed to cope with climate demands and control 

adverse weather effects on desert dwellings by eliminating windows or making them very 

small. Our forefathers, who built and lived in adobe homes in this desert region, often 

cooked and slept outside in summer. Interiors were used for storage and shelter in 

inclement weather. 

Small openings (I. E., doors and windows) minimized direct 
transmission of solar radiation. Ventilation was not desirable 
...shelter was elongated in an east-west direction (Egan 1975: 46) 
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But times have changed...a quantum leap, due to recent technological advances in 

window unit design, tips the ratio of glass-to-wall in favor of the glass in recent new home 

design and remodels (Ingersoll 1991, May: 136). 

6.1.5 Energy Transfer Through Window Units 

Windows serve a multitude of human aesthetic and comfort needs in interiors. 

They provide ventilation and summer cooling, a view, winter heat, protection, filter noise, 

and visual comfort to interiors. Yet, single pane windows were the number one culprit as 

notorious energy losers in homes. The important issue of energy conservation can become 

subordinated and overshadowed by aesthetics and these other concerns. Windows 

dramatically affect heating and cooling of interiors more than the roof, floors, walls, and 

ceilings according to Jeffrey L. Warner, Lawrence Berkeley Laboratory, California (10). 

When choosing a window, there are three basic ways that solar energy flows or 

transfers through window units: 

(1) radiant heat gains from solar rays 

(2) non solar heat losses and gains in the form of conduction (flow of heat 
through a material); by convection (flow of heat contained in a gas or 
liquid) both in or out; and radiation (heat transfer through light waves, 
infrared, ultraviolet and visible) 

(3) air flow, due to intentional ventilation (conscious interaction) and infiltration, 
unintentional as a result of the movement of heat due to leakage between 
the window unit edges. 

A single-pane, double-strength glass (the standard measure) has little effect or 

resistance to heat flow. The insulating value of a single-pane window is derived from a 

thin film of still air that lays adjacent to the glass surface. Additional panes create 
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additional insulating spaces between panes of glass or suspended films, to increase the li­

vable. 

The non solar heat flow through a window unit is the result of temperature 

variations between indoors and outdoors. Windows lose heat to the outside during the 

heating season and gain heat from the outside during the cooling season; thus increase the 

amount of non renewable energy it takes to heat and cool a home (Warner 1990: 10). 

6.1.6 R-values and U-values 

The energy efficiency or insulating qualities of a window are measured in "R-

values" or the resistance a window has to heat flow. "U" values are the inverse of the li­

vable and measure the amount of energy that the window glass conducts. High R-Values 

indicate that a window glass resists heat flow effectively. The energy efficient low-E 

windows reflect exterior radiant solar heat away from the glass in the summer or prevent 

interior convective heat from escaping in the winter. Some manufacturers rate thermal 

performance by using the U-value without listing the R-value, lowering a U-value with a 

darker color tint to the glass that lowers the shading coefficient (SC) rating. The color 

additive raises the energy performance of the window but reduces both visual and 

aesthetic qualities of the glass by producing a darkened or tinted view through a window 

(Conservation and Renewable Energy Inquiry and Referral Service, 4). See also FIGURE 

6.3, Window Shading Coefficients. 

A simple comparison of U-Values and/or R-Values of window units is an 

important step to specifying energy-efficient windows in extreme climates where interiors 

require protection from heat or cold. R-values generally range from about .9 to 4 with the 
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exception of recent technical developments of Super Windows that achieve a R-8 or 

higher U-Value. Both values are usually available through dealers or listed on the window 

or product catalogs. During an evaluation or comparison of window units, consumers 

should make sure that all R-value and U-value data conform to: 

1) current ASHRAE base standards for calculations of U- and R-values 

2) an evaluation of the entire window unit (glass, frame, and edge of glass) 
according to ASHRAE standards and not just the center-of-glass measures 

3) pertain to the same size model that matches frame material and style 

Larger window units, other styles, or units prone to air leaks, may significantly 

reduce the R-value (see FIGURE 6.2). 
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FIGURE 6.2, Heat Transfer Loss and Gains, U. S. Dept. of Energy, CAREIRS, 1991, 
July: 4. 

When selecting or specifying window units, the following glass characteristic 

measures yield important visual and energy efficiency information: 

.. the shading coefficient as a measure of the percentage of solar heat transmitted 
through the glass 

.. the R-value or (insulating value; resistance to conduction and convection) 

.. the visible transmittance expressed as a percentage of visible light transmitted 
through the glass 

The following are the four factors that affect the amount of energy loss or gain 

through a window unit: 

Conduction 
Heat Loss 

Infiltration 
Heat Loss 

Windows are the weak 
spot In the home's thermal 
envelope. 
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.. the number of layers of glass 

.. air space size between layers 

.. frame and sash thermal resistance (R-values) 

.. glazing material type, glass, plastic, coated glass, reflective, 

6.1.7 Visible Light Transmittance 

During the winter heating season, free solar transmission through windows 

becomes a heating and light source for interiors. However, in a hot desert climate, as in 

most regions of the United States, summer solar energy transmission through windows 

may cause undesirable overheating effects to interiors that usually elevate residential 

cooling requirements up to 30 percent (Warner 1990: 12). Shading protection in the 

form of tints or reflective films, incoiporated between the window glazing, can block or 

reflect solar heat to radiate a significant amount to the exterior. Visible light transmittance 

uses the SC (shading coefficient) that rates the clarity of the window view through the 

window. The SC is an important discerning factor that indicates how much light enters 

the interior through a window glass. A 50 percent reduction of visible light transmittance 

can occur using glass with a low shading coefficient (CAREIRS 1991, July: 1). 

6.1.8 Shading Coefficients 

The shading coefficient measures the solar transmittance capability of a window 

glass relative to the shading capability of a 1/8 inch clear, double-strength float glass. 

Low shading coefficients indicate increased glass shading benefits due to the character of 

the glass that produces heat-gain and glare to interiors. 
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The ratio of radiation which passes through a shaded 
opening to the radiation which would pass through the 
same opening with 1/8" clear glass, is known as the 
shading coefficient (Window Selection Guide 1988: 7) 

Window glass, with a low shading coefficient, provides the most solar protection 

and reduces convection heat gain. The amount of visible light that enters the interior 

through a window (visible light transmittance), and the quality of the view outside the 

window, is affected by a low shading coefficient. A high shading coefficient indicates 

visible light transmittance without noticeable color distortion to the window view. 

Numbers are expressed between 0 and 1. Most shading coefficients generally fall on a 

scale from about .89 to .67. Lower SC glass ratings darken or produce gloom in a room 

(Refer to FIGURE 6.3). 

FIGURE 6.3, Window Shading Coefficients, After Wilson, 98. 

Shading 
Glass type Coefficient (SC) 
Single glass, clear 1.00 
Single glass, bronze tint 0.84 
Single glass, green tint 0.83 
Double glass, clear, 1/2 in. air space 0.91 
Double glass, bronze tint outer pane, 1/2 in. air space 0.73 
Double glass, green tint outer pane, 1/2 in. air space 0.72 
Double glass, clear, E=0.40, 1/2 in. air space 0.86 
Double glass, clear, E=0.15, 1/2 in. air space 0.75 
Triple glass, clear, 1/4 in. air spaces 0.82 
Triple glass, clear, E=0.15 one pane, 1/4 in. air spaces 0.68 
Triple glass, clear, E=0.15 two panes, 1/4 in. air spaces 0.58 
Source: WINDOWS 3.1. a computer program for calculating the thermal and optical properties oC windows. 

Today's "Super" (Southwall) window engineers are continually experimenting with 

and identifying new technology needs. These energy efficient window units are generally 

site and directional specific. The same window with a low shading-coefficient should not 
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be specified for every window in a home. South-facing windows should be able to admit 

solar energy for winter heat-gain. 

6.2 Energy-Saving Strategies for New or Retrofit Residential Design 

6.2.1 Energy Efficient Window Design 

Major manufacturers, working in conjunction with Lawrence Berkeley 

Laboratories, Southwall, PPG, and others have pioneered in the technical development of 

the modem, energy efficient, low-E window unit. It is produced by leading manufacturers 

at an affordable price. Current R- and U- value readings usually describe the energy 

efficiency of the window glazing and/or frame as a window unit rather than the former 

center of glass energy effectiveness (Selkowitz and LaSourd 1994, June: 108). 

Energy efficiency became a design problem in the 1970's with the development of 

the eastern oil embargo due to a sharp reduction of gas and oil. In the 90's an 

environmental consciousness movement developed in America. The question of the 

wasteful use of 11011 renewable energy resources surfaced. The depleting ozone layer 

caused people to look to solar power as clean energy source for heating and lighting 

interiors. The prototype designs of the 70's proved that solar heating could be successful, 

but alerted designers of the need of solar control 011 unprotected window surfaces in the 

summer. Solar design saved money, energy, and the ecology. The successful solar home 

experiments of the 1970's became a base for today's energy efficient home designs. The 

ideas that lasted through the past twenty plus years "were simple, straightforward and 

attractive" (Pickler 1992: 31). Many architects incorporate passive solar design elements 

in home design consciously or unconsciously. 
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The most important design feature is positioning windows to the southern sun to 

collect or reject radiant heat to fit seasonal needs. Other factors requiring control is the 

light and infrared penetration. 

6.2.2 Energy Efficient Windows, Solar Passive Design, and Orientation Preference 

Arizona has an abundance of sunny days with an 85 percent average. The window 

acts as a filter to the elements, protects or shields interiors from hostile outside elements, 

but has difficulty in coping with too much summer sunlight and heat. The window became 

a highly functional design tool to gather both heat and light with the advent of the solar 

design movement of the 1970's. 

The majority of the solar home design projects stimulated an interest in the power 

and influence of the sun on the human living environment. The 1970's solar home design 

experiments incorporated dramatically large amounts of single-pane window-to-wall ratios 

oriented to the south to gain winter solar heat. In the summer, these same windows made 

interiors uncomfortably hot as they admitted uncontrolled radiant heat. Although energy-

efficient passive solar homes rely on a majority of windows placed in a southerly direction 

for collecting and storing heat, they need shade and other controls in summer. Today's 

solar home approaches a harmonious interaction between the natural environment, 

orientation, and regional design influences based on climatic conditions (Pickler 1992, 

August: 32). 

Passive solar homes save energy and are less expensive to operate. Monitored 

buildings demonstrate a 40 to almost 100 percent annual energy savings. Long range 

savings, reaped from implementing passive solar design principles in a home, give the 
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consumer the option of installing and using the best energy-efficient materials available, 

energy-wise windows and wall and roof insulation. There are more than 200,000 resi­

dential and 15,000 commercial passive solar buildings today (Mclntire 1993, March: 52). 

It is critical to select the best windows available for summer solar heat control. 

Low-E-2 (squared) is recommended by Hurd Windows and Wilson. In the summer the 

sun is high in the sky and to the north, resulting in cooler south windows. Since the low-

E-2 window admits 79 percent SC, high levels of infrared solar rays can penetrate to 

warm the interiors of south faced rooms in the winter (Hurd 1994: 7). 

Aesthetically, sunlit interiors are joyful and inspiring as the sun progresses from a 

cool sunrise and stretches, then condenses interior shadow patterns, telling the time of day 

like a sundial. Windows lead people through space since they are drawn to areas of bright 

natural light. Windows create a tapestry of light that contrast with dark and create a flow 

that draws people from room to room (Hunter 1988, December: 49) 

6.2.3 "Super" Windows That Act sis a Filter 

A window that was developed especially for southern climates by Southwall is 

Hurd's Sunbelter. It filters high concentrations of solar heat and allows less than 1/2 

percent of UV rays to filter into the interior. Tinted windows, reflective windows, or solar 

films reflect heat and light but significantly reduce the view to the outside (Smolen 1985, 

September: 79). 

The best window to use for a (south or east of south) winter solar gain application 

is a combination of the Hurd low-E squared (or like unit), and shaded south-faced 

windows for summer protection. In winter, the infrared portion of the solar ray produces 
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desirable annual heat-gain through unobstructed south wall glazing. Diunial solar gains 

are experienced on east and west windows, but are shorter in duration. It is necessary to 

have an unobstructed thermal mass area storage within 10 feet of the window. 

FIGURE 6.4, The Window as a 
filtering High Performance Glazing 
Systems System (AAMA 1988: 1) 
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According to Pickler, environmentally sustainable architecture is a 
timely home design concept. Elements into their designs, blur the 
distinction between the conventional and the solar house, (quote by 
Pickler) 

At this point our design process is so integrated that we don't 
even think of ourselves as specifically doing the solar house. I 
think it's part of responsible architectural design. (Pickler quoting 
Rob Quigley, San Diego architect, 1992, August: 32) 

"Fine tuning" as a concept recognizes that there are many elements that need to be 

considered to derive the maximum benefit for an investment in windows for a home. 

Jeremy Jones (1984) designed many solar houses that are unique and timely. He suggests 

exterior shading protection by "Reflecting light onto the soffit or overhang with a 

lightshelf. A trellis can shade a windows and minimize contrasts by reflecting light deeper 

into the room". Large floor-to-ceiling, energy-efficient low-E windows, or a combination 

of "Super windows", can bring light deep into interiors. A window sill located close to 

the floor can reflect maximum amounts of diffused ground light, reflected to the ceiling. 

The floor-to-wall size relationship of windows can become higher than the usual floor-to-

wall 40 percent ratio with the use of high-tech windows and other energy-efficient design. 

Visual comfort in a desert home environment involves fine tuning the natural light 

source, the sun, with interior surfaces to produce a pleasant illumination that is pleasant to 

look at, consciously or unconsciously. A pleasing luminous environment supports visual 

comfort, provides adequate illumination levels for the performance of tasks or for relaxing. 

Windows provide orientation information to produce a secure feeling (Ibid., 7). 

6.2.4 Summary List 

The desert southwest home should be designed using exterior and interior shading 



strategies and devices that protect from heat and glare to interiors listed below: 

.. exterior plantings and ground cover 

.. window sizing and location limits 

.. set backs, and stepped design configurations 

.. overhangs, cantilevers, lightshelves 

.. louvers, fins, awnings, sails, screens 

.. patios, arcades, atriums, court yards 

.. blinds, drapes, shades, curtains 

. current window and skylight design technology. 
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CHAPTER 7 

7 Advanced Technologies, and Future Trends 

Architects and home owners in the desert have been struggling to find energy 

saving window designs, and now there seems to be an answer. Switchable glazings can 

solve the classic problem by becoming opaque to the sun when it is hot, and clear when 

warming solar rays are wanted inside. It is the ultimate in windows, insulated, high-tech, 

and can switch from opaque to clear, then back. This "smart" window that changes visual 

and thermal qualities within the glass sandwich, is not quite ready for production as 

technicians are still working on the prototypes (Skerrett 1993, July: 80). 

Photochromic glass reversibly changes optical density when exposed to light. 

Thermochromic glazings become translucent when a present thermal threshold is reached. 

Electrochromic windows are almost unbeatable for their controllable, visual, see-through 

qualities. PPG and 3M are working to develop these "smart" glazings in small 2-man 

teams. This type of glazing should be on the market soon. Liquid crystals sandwiched 

between two glazing layers, become translucent in random suspension but line up like 

pencil points in a transparent state when electric current is applied (Skerrett 1993, July: 

80). An added benefit is the privacy effect in the low-transmission state (Selkowitz, and 

LaSourd 1994, June: 190). 

7.1 Energy-Efficient Housing: Models for the Future 

New window technology is very exciting. Scientists and technicians are creating 

some unique effects, visually, which are attractive, protective, yet increase energy 

efficiency. "Smart" houses have been created in Japan and Holland, that are interesting to 
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watch as highly creative people with inspiring ideas strive to prove the effectiveness of 

new computerized interactive technology. 

Some of the following information relating to windows and energy-savings or 

efficiency is applicable now, some designs will take more time to prove and develop. The 

next time you are looking out of the window, daydreaming, just maybe some of these 

ideas will float through your consciousness. 

7.1.1 Windows Give a House Personality, With a Touch of Glass 

Architect Robert A. M. Stem designed the "The 1994 American Dream House, a 

house with character" that appeared in the June issue of Life Magazine. It was depicted 

on a double-page spread, and extended again with foldouts to draw the readers attention 

to this house. Windows were important to the style and homey theme. Light and 

windows are important to the design of this home. 

Windows are deep-set and plentiful. Seven windows are located on 
three walls that illuminate the master bedroom. For access to the veranda 
or back porch and paved terrace, off of the Living/Dining rooms are two 
sets of French. These doors function also as light "givers" and extend 
space to the sweeping porch beyond. A windowed light well illuminates 
the hallway just off the main downstairs corridor with two Stories of Light. 
This open stairwell is brightened by these oversized windows on both 
floors. The flood of sunshine helps to illuminate the main living area 
farther inside. A great gable sheltering this same stair and window-well is 
the defining feature, identifying the front of the house. Each bedroom 
upstairs [lias] 8 1/2-foot-wide dormers set with six-foot window of double-
hung windows. 

Stern designed "a ceiling height throughout the house to 9 1/2 feet, 
a foot higher than in a typical house." The extra foot of height insures a 
feeling of spaciousness and airiness (that could accommodate taller 
windows or clerestory windows if specified..for deeper lighting). 
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This home is much smaller in scale than his standard commissions. 
Stern designed this suburban home for the "average" American family. It is 
very energy efficient with walls twice as thick as specified by a majority of 
home builders. This house has a "smart" kitchen. Some of the appliances 
can be operated from a car phone...just punch in the right numbers to 
perform a number of functions in a variety of the rooms (but don't forget to 
take the instruction book along). 

Stern provides a design, for a look for any neighborhood (in the 
country). He offers 5 variations on the shake shingled, shutter, dormer, 
gabled, original, which are: Dutch Colonial, Craftsman, Classical, Tudor, 
and Spanish Colonial, besides the original Shingle Style (Petranek and 
Allen 1994, June: 83-91). 

Clearly, Stem, like Frank Lloyd Wright, can meet the housing needs for individual 

lifestyles with flair. It is obvious that he designed for good daylight delivery, and energy 

efficiency, yet maintained a sense of classic style indigenous to the setting for the house. 

Remember, all of the selections are model homes, and present a wide-range of design and 

technology. They are designs to consider, possibly recombined with future advancements. 

A relative wide-scope of interior information is presented as these amenities may become 

the classic examples for future interiors. To present a clear picture of interiors, other 

amenities are addressed beyond the function and description of the window systems. 

7.1.2 A Preview of Glass and Energy Systems Geared to the Year 2000 and 
Beyond 

" 'Intelligence With Classic Style', Japan's house of the future that takes a systems' 

approach [as] its functions are interconnected through a synergistic computer network". 

A high-tech wonder, the interior appears spare with clean lines, natural wood and neutral 

colors. The south wall is all glass that encloses a two-story atrium filled with trees and 

plants. The self-adjusting, motorized awning windows equipped with blinds, also span the 
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roof of the atrium. The self-adjusting, venting angles are programmed by a 32-bit 

microprocessor computer that responds to data signals through a dedicated wiring system. 

Here, temperature, humidity, airflow, human presence, and carbon dioxide levels are 

monitored along with weather outside. The "intelligent" devices, tied to sensor system in 

many cases, control themselves and exchange information with other devices to the 

greatest extent possible. 

Mr. Sakamura, "computer architect", has designed a new synergistic computer 

network called TON (the Real-time Operating System Nucleus) that would make a clean 

start in the computer world by eliminating all existing non-compatible computerized 

systems. The problem, as he sees it, is the limiting effect of linking different existing 

brands of products to TON technology. This computer system is the micropro-computer 

in operating systems imbedded in the products placed in this house. The Real-time 

Operating system Nucleus TON is an operating system that operates the PC's, data bases, 

and the functional distribution systems he calls ITRON (microcomputer systems), BTRON 

(work stations and personal computers), CITRON (controls main frames, sewers, and 

data bases), and MTRON (runs a "highly functional distributed system"), interfaces with 

any microprocessor in the house to communicate instantly with any other (See FIGURE 

7.1). The refined integration of the system reads and adjusts HVAC and lighting levels; 

for example "people sitting under bright lights gain radiant heat even though the lighting 

does little to warm the air". In addition to three HVAC systems, "hot water is piped 

beneath the floor; for cooling, cold water is piped above the ceiling. The intent is to 

eliminate cold floors and hot ceilings". Thermographic devices "read" emitted infrared 
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FIGURE 7.1, Key to the TRON System, Source, Normile, 1990, September, 60 
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body radiation, that is in turn relayed to the HVAC system and determines required 

cooling or heating loads. Slick looking light fixtures designed with solid acrylic fiber-optic 

material line up over the kitchen work space (Normile 1990, September: 58-9). 

This highest tech $7 million dollar house, is the brainchild of Ken Sakamura, 

associate professor in department of information science, University of Tokyo. All three 

houses presented use "intelligent" appliances throughout their presentations, including the 

Robert A.M. Stern Dream House described in Life magazine. 

7.1.3 The European Response: "Bauhaus With Brains" 

The counterpart to the Japanese house is one designed in Holland and dubbed: 

"The Bauhaus With Brains", and is their striking entry in the automated "Smart" or 

"Intelligent" home touniament. It shelters a collection of integrated electronic systems in 

a geometric structure. Some systems talk to each other, some stand alone. 
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More than 50 percent of the shell uses optical switching liquid glass technology. 

The glass is tied to a steel skeleton. Bolt-on interior wall panels make interior space 

adjustments easy, and are compatible with an expanding family. 

Chriet Tutulaer, research scientist, claims "The house anticipates rapidly changing 

social attitudes and developing technologies...a platform for exploring home life in the 

year 2000". This futuristic showcase of future technology, is sponsored by 150 Dutch 

industrialists and universities, and began in 1988. The $6 million project was developed to 

stay abreast of new and anticipated technological systems. The house functions are 

integrated to simulate human intelligence. 

Inside, floor tiles of diamond-hard ceramic show no signs of wear, nary-a-scratch, 

though nearly one-half million people have visited the center since the opening. A 

translucent marble wall section, 1/3" thickness, is strategically positioned along side a 

large picture window in order to contrast the creative visual effects of translucent and 

clear glass, or manmade and natural materials. Dynamic changes of paint colors interact 

lighting, to alter existing colors, to colors indicative of the occupant's mood. The tap of a 

key pad activates an ultraviolet light and paint colors blend with fluorescent pigments. 

Commercially available, Clear-Shield chemically bonds to the glass, and forms a 

water-and dirt-repellent barrier coating. The glass walls of the bedroom are made of 

liquid-crystal glazing that switches from transparent to opaque white to interact with 

ceiling mounted sensors. Currently available, switchable glazing systems afford privacy or 

view when desired. It repels prevailing outside weather in the opaque system mode. 

A voice command causes a venting bathroom skylight to open in the shape of a 


