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Preface iii

This report consists of data collection and a design proposal for a neighborhood what is part of a 

sustainable development project in Tucson, Arizona. The target problems are common to most communities: 

pollution, consumption, stress, illness, isolation, separation, and lack o f  identity. The goal is to meet “a form  o f  

design that integrates itself to living processes” (Van der Ryn and Cowan 1996, x). The proposal attempts to be a 

step to meet a true future sustainable world, as an objection to the trends of the artificial environments that brake 

the systems that sustain humans as specie, and threaten the permanence of our civilization.

The approach starts with an introduction recognizing the environmental crisis problems. Then, the data is dZf n 

analyzed to calculate space, function, color, material, andform values that comprise the ambient structure of 

Tucson, Arizona. Chapter 1 describes technologies that make sustainable building systems. It contains systems 

and materials that have been scientifically proven to perform as predicted in areas of  energy, water, material and 

jproduct utilization^ Chapter 2 analyzes thephysjcal-natural factors of the setting that should be considered to 

ensure the precise interaction between nature and the architectural objects. Chapter 5 is a retrospective of the built 

and natural environments of Tucson, comprising images that help designers to understand the actual and create a 

new responsive imageable structure. These images are presented in a catalog form and they represent most of the 

periods of the architectural history of Tucson, as well as the timeless natural elements of the Sonoran Desert.

Chapter 4 analyzes general characteristics of the users through graphs based on the 1990 census in order to 

determine the requirements of space and capabilities of housing acquisition.

Chapters 1 through 4 are arranged as a design workbook to be useful on similar design projects in 

Tucson. They comprise the basic values to be used in Chapter 5, a series of design precepts searching for the 

possible strategies capable o f creating a cell, organism, and ecosystem. Finally, Chapter 6 drafts the proposal of a 

sustainable form o f design.
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INTRODUCTION 1

The human order characterized as the search of comfort, convenience, and material wealth, is reflected 

today in the built environment, braking our relationship with nature. The result is a dangerous built environment 

threatening the permanence of our civilization. The deliberate utilization of technology under this order caused 

community problems generally classified as pollution, consumption, stress, illness, isolation, separation, and lack 

o f  identity (Crosbie 1994, 5). In addition, the great concentration of population in the cities demanding a massive 

production of objects since the industrial revolution, magnified the actual problem.

The consumption and pollution of the natural environment are the most critical problems. With them, 

even the natural balance of the planet has been affected: “The rapid exploitation of fossil fuels is already changing 

climate patterns. One hundred square miles of rainforest are being lost each day. Species are going extinct at an 

unprecedent rate of three per hour. Chemicals once thought relatively harmless to humans are turning out to affect 

immune and endocrine systems. ... The list of environmental damage is endless, from the depleted soils of the 

combelt to the vast industrial disaster zones of Eastern Europe and the former Soviet Union” (Van der Ryn and 

Cowan 1996, 3).

On the other hand, the massive production of objects generated a new imageable structure —color, 

material, and forms— distant from the understanding of our societies. The new objects offered an unfamiliar 

meaning for the traditional society, who experienced a basic need to connect with the surroundings of which they 

were part, provoking a moral rejection (Baudrillard 1968, 40,55). As objects offered no meaning, identity was 

lost, and the general public reverted to the familiar and nostalgic values that corresponded to their proper 

imageable structure. In a larger scale, the checkerboard grid along with the land speculation gave no chance to 

people for the creation and use of exterior spaces. Community life was impossible and problems of stress, and 

social isolation and separation arose. r  r ^.y

One of the clearest examples in line with the problematic is the automobile phenomenon, the base 

element of design to create the most convenient system for mobility and communication in the cities. The wide 

“v ia" offered no more safety for pedestrians, causing them stress. People had no chance to meet and encounter 

from inside the cars, causing isolation and separation. When people had no option to walk the long distances of 

the big cities, the automobile became the means of transportation, increasing the consumption of fossil fuels, and 

degrading the air quality with the great amount of pollution emitted. Besides, the simplicity of the checkerboard 

grid (which allowed a convenient mobility and communication system) and the deliberate development 

(characteristic of the land speculation) in the search of material wealth, produced low imageability in the cities

“Our designs are causing stress, illness, 
reduction o f production in addition to excessive 
consumption and pollution. Our community 
designs are contributing to isolation, separation, 
and fear that grips and debilitates our societies. ”

(Crosbie 1994, 5)

“And architects are fighting new style battles 
again —Postmodern, Neo-Classical, or Neo- 
Vernacular— while many o f the general public 
are reverting to the familiar and nostalgic styles 
o f the past. ”

(Pearson 1989, 21)

“ We are experiencing a basic need to connect 
with our surroundings o f  which we are part... 
That is that we have used technology to do, and 
we see the consequences ”

(Ole and Klingerberg 1995, 39)

Congress Street east o f  Scott, paved in 1920 ’s 
(Photo: Arizona Historical Society).

ion and inability to explain their existence. 
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INTRODUCTION 2

The lineal systems that created the ambient structure —function, form, color, and material— based on 

the so-called new human order, moved problems instead of solving them, “compromising the ability of the next 

generation to meet their own needs;” and now, we must deal with the consequences. A new approach is possible.

A system comprehending pattern solutions —solving more than one problem simultaneously. This is the purpose 

of the report. This system can be understood under the ecological design underlying metaphor “ce//, organism, 

and ecosystem, which Van der Ryn and Cowan describe in order to create a form  o f design that integrates itself 

to living processes (Van der Ryn and Cowan 1996, x).

Any new approach to face the problem requires a re-calculation of the values that create a new ambient 

structure with: a) an imageable structure that creates social interaction, and links old and new values, to respond 

to isolation, separation, stress, and lack o f  identity problems; b) alternative energy and water management sources 

to respond to pollution and natural resources consumption’, c) physical-natural environment interaction to respond 

to energy and ecological consumption’, d) resource-efficient materials and products that are non-toxic, to respond 

to problems of natural resources consumption and human illness; and e) flexibility and feasibility for users to 

acquire and inhabit housing.

A house should be integral to site, integral to 
the environment, and integral to the life o f  

inhabitants. ”
Frank Lloyd Wright

□
MMWf>Fr

W

■p uviNg,

Problem: Machine part
Goal: Organism, a form o f design that
integrates itself to living processes.
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Chapter 1: Sustainable Environment 3

CHAPTER 1:
SUSTAINABLE ENVIRONMENT
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Chapter 3: Sustainable Environment: Introduction 4
Along the history, humans have managed to produce sustainable design solutions accordingly to the 

particular conditions set by the environment structure. Today, the environment structure conditions suggest an 

approach contemplating the use of “ancient approaches in logical combinations with the best of the new 

technological advances’’ (Lopez and Browning 1992, 2). The complexity of these problems requires the 

connection of conventional sciences and design disciplines —“industrial designers talking to biochemists, 

sanitation engineers to wetland biologists, architects to physicists, and farmers to ecologists” (Van der Ryn and 

Cowan, 1996, ix). According to Van der Ryn and Cowan, the specific design problems to meet a sustainable world 

are:

a) Designing products and manufacturing processes that make materials completely reclaimed.
b) Creating waste water systems that enhance rather than damage their surrounding ecosystems.
c) Designing buildings that produce their own energy and recycle their own wastes
d) Creating agricultural systems that are not dependent on subsidies ofpesticides, fertilizers, and fossil fuels. 

(Van der Rin and Cowan 1996, 4)

Fortunately, a bridge of knowledge produced by interdisciplinary efforts has been translated into 

strategies and methods, which give the designers the ability to produce more sustainable solutions today. The 

study of the application of the most common sustainable strategies and methods on the areas of Energy 

Conservation and Alternative Energy, Water Conservation, and Resource-efficient Materials and Products, is the 

purpose of this chapter. These strategies and methods focus on the problematic of energy and natural resources 

consumption, as well as environmental pollution and illness.

Energy conservation strategies are abundant resources that reduce waste and consumption of 

conventional energy when considered part of the design requirements. They reduce cooling and heating loads 

cheaply and safely. Besides, the buildings offer great flexibility for developers to use them. Active and passive 

solar are alternative energy systems that reduce the consumption of conventional energy (energy produced using 

fossil fuel) and produce no pollution. They are systems that distribute energy to the building by natural means with 

little or no external power. They are nothing more than the “building itself... providing enclosure and structural 

stability, as well as collecting, storing and distributing thermal energy” (Watson 1993, 89). The performance of 

both energy conservation and passive and active strategies is really significant if they are considered part of the 

design requirements. The House Energy Doctor has proved this, through a research consisting of computer-

Case Study on Sustainable Dwelling Design in Tucson, Arizona



Chapter 3: Sustainable Environment: Introduction 5
simulated strategies that achieve significant cooling and heating loads (see Appendix B). Unfortunately, many of 

these strategies become economically unfeasible when practiced after the design is built. Water conservation is 

easy and inexpensive when using water-efficient devices, water-efficient landscaping, rainwater collection and 

wastewater treatment systems. Water conservation strategies help to extend the lifetime of aquifers and save 

energy used to pump, treat, heat, pump back, and treat again the water for domestic and industrial uses. “Green”, 

resource-efficient building materials comprise extensive catalogs today. They add to the conventional building 

materials criteria (strength, cost, suitability and appearance) characteristics such as environmental impact, 

durability, and toxicity. Therefore, they protect the forests and endangered species, preserve wildlife habitat, and 

reduce indoor air pollution; because they are sustainably harvested, salvaged, made from recycled and non

pollutant contents, and last long avoiding resources waste. For their selection, a general description of common 

pollutants and toxins is shown in Appendix C, and a catalog including some of these materials produced near or in 

Arizona, is shown in Appendix D.

The field of sustainable building is however, still new. Selecting strategies and applying methods requires 

exhaustive thought and planning because they solve by pattern (one solution solves many problems 

simultaneously) in contrast with the lineal solutions system of conventional design. Hence, to advance in the 

process of sustainable building, Lopez and Browning propose that “the primary goal in sustainable design is to 

lessen the harm poorly designed buildings cause” (Lopez and Browning 1992, 2); and as general method in 

selecting these strategies, they advise to consider the one by Wendell Berry, which considers to:

a) Solve one problem, while not making new problems.'—
b) Satisfy whole range o f criteria; good in all respects.
c) Accept giving limits using, so far as possible, what is at hand.

Many strategies are at hand and in an advanced stage (See Appendix A), and they all approach in

different levels the specific design problems to meet a sustainable environment. For now, designers should focus 

on the tools at hand, which are discussed in the following pages.

Case Study on Sustainable Dwelling Design in Tucson, Arizona



Chapter!: Sustainable Environment: Energy Conservation

Ratio of sides in 
relation to North- 
South 
Axis

B 0 q

Optimum 1: 1.1

____

Optimum 1:1.3

Optimum

Olgyay ’s basic building shapes in different regions. 
(Source: Watson 1993, 366)

6

FORM AND ORIENTATION

a)

b)

11

c)

L

d)

e)

f)

The combination of internal and external heat 
gains and losses determine the cooling and 
heating loads of a building.
The form of the building assumes less 
importance in an internally dominated building 
(with more internal heat gains), and more 
importance for an externally dominated building 
(with more external heat gains). Minimum 
internal heat gains are found in residential 
building types.
The optimal shape for all climates is a form 
elongated along the east-west direction. In cool 
(Minneapolis) and hot dry (Phoenix) climates a 
compact building form, exposing minimal 
surface to a harsh environment, is desirable. In 
temperate (New York) climates, there are more 
options for building shapes without excessive 
heat gain or loss. In hot humid (Miami) climates, 
buildings should be elongated liberally in the 
east-west direction.
Many building forms can be utilized depending 
on the particular requirements, and buildings 
whose forms shade themselves should also be 
considered.
In all climates, attached units such as row 
houses, with east and west common walls, are 
most efficient, since only the end units are 
exposed.
Optimization of one variable (such as 
daylighting) may compromise another (solar 
gains) to such an extent that the overall 
performance of the building suffers.
(Source: Watson 1992,365)

Comments:
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Chapter!: Sustainable Environment: Energy Conservation 1

1 Storv
buildings Allowed

4K 2 Story Buildings Allowed

Buildings, trees (evergreen) or other obstructions 
should not be located so as to shade the south wall oj 
solar buildings. At Tucson’s latitude, A=8ft., B=J5ft., 

C=34ft.
(Source: Solar Energy Research Institute 1993, 17).

Buffer spaces: Closets, 
stairs. Hallways, etc.Garage

Kitchen
Dining

Living roomBedroom

Bedroom

Solar Energy Research Institute layout 
recommendation.

(Source: Solar Energy Research Institute 1993, 18)

SITE AND INTERIOR 
SPACE PLANNING

a) For maximum energy performance allow the 
south side as much unshaded as possible during 
the winter months.

b) Ideally, the glazing on the house should be 
exposed to sunlight with no obstructions within 
an arc of 60° on either side of true south, but 
reasonably good solar access will still be 
guaranteed if the glazing is within an arc of 45°.

c) Living areas and other high activity rooms 
should be located on the south side to benefit 
from solar heat.

d) The closets, storage areas, garage and other less 
used rooms can act as buffers along the north 
side, but entry ways should be located away from 
the wind.

e) Clustering baths, kitchens, laundry rooms near 
the water heater will save the heat that would be 
lost from longer water lines.

0  An open floor plan allows the collected solar 
heat to circulate freely through natural 
convection.

g) South oriented clerestory windows provide heat 
gain for north oriented zones.

(Source: Solar Energy Research Institute 1993, 18).

Comments:
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Chapter 1: Sustainable Environment: Energy Conservation 8

floor joists

Attic and roof insulation alternatives. 
(Source: Massachussetts Audubon Society 1993, 7).

Wood frame walls insulation alternatives. 
(Source: Massachusetts Audubon Institute 1993, 7)

Slab edge “I ” and "L "foam insulation system. 
(Source: Chalfoun 1995, week 8 p. 3)

INSULATION

a) Through the envelope, the external airflow 
transmits heat from the outside of the building in 
the summer, and takes heat from the inside of the 
building in the winter. Insulation traps airflow 
from the outside or the inside of the building.

b) R oof Insulation. The roof of a house in hot arid 
climates represents a major collector of heat (One 
third of all heat gains and losses is represented by 
the roof). The payback time on attic insulation is 
usually less than three years and it can be less if 
the job is do-it-yourself.

c) Wall insulation. It has a slightly longer payback 
time than attic insulation, but is the single fuel 
saving measure in many single- and two-family 
homes and triple deckers. The payback time can 
be reduced significantly renting a blowing 
machine and a do-it-yourself job type.

d) Slab edge insulation. Full basement foundations 
are expensive, and they require a great deal of 
energy. Slab on-grade foundations are more 
appropriate for Tucson’s conditions. Foundations 
create large spaces under the floor of the living 
space through which heat can be conducted. 
Exterior insulation is a common system for 
foundations. They use rigid foam insulation that 
includes environmentally damaging foaming 
agents in its production.

e) Earth Insulation. Placing a building either 
partially or totally below grade is a very effective 
means of reducing both cooling and heating loads. 
Earth berms use the ground as a thermal mass 
reducing the temperature fluctuation inside a 
building. Situating a building in the side of a hill 
is the most efficient option for thermal buffer.

Comments:
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Chapter I: Sustainable Environment: Energy Conservation 9

(a) (b) (c) (d) (e)

# # # + #

(0  (g) (h) (I) 0 )
“The Top Ten” trees recommended by Tucson Electric Power. 

a)Acacia: native evergreen, fairly dense shade b)Paloverde: native, fairly dense shade c) Desert Willow: 
deciduous native, light shade in summer d) Eucalyptus: exotic evergreen, dense shade e) Feather Tree: tree 
shrub, dense shade f )  Desert Ironwood: native evergreen, dense shade g) Chinese Pistache: deciduous, dense 
shade h) Texas Ebony: evergreen, dense shade i) Mesquite: desert, fastest growing 
j) Southern Live Oak: evergreen, dense shade.

(Source: Tucson Electric Power 1993,9)

SHADE TREES

a) They begin to payback within a few years of 
planting.

b) Mature landscaping can cut a home’s cooling 
costs by up to 20%, reducing outside wall 
temperatures by about 15° during the hottest 
months.

c) In Tucson, deciduous trees are most effective 
when planted on the east, west, and south side of 
the house. Evergreen are most beneficial when 
planted as insulating buffers to provide shelter 
from winter winds generally north and west 
oriented (see also Reflectivity on p.13)

d) Summer shade in the late morning and all 
afternoon is recommended for Tucson.

e) Trees can also provide moisture to the air and act 
as natural filters by transforming carbon dioxide 
and other chemical pollutants into oxygen.

f) Trees for the desert environment should be 
selected based on drought-tolerance, low water 
use, and shading benefits.

Comments:

Master's Report: Case Study on Sustainable Design in Tucson, Arizona



Chapter I: Sustainable Environment: Energy Conservtion 10

Sun Control Devices

Internal shading devices include: Venetian blinds, 
roller blinds, curtains and films. Exterior devices 
include: shutters, awnings, overhangs, and a variety 
o f  louvers (vertical, horizontal and eggcrates). 

(Source: Watson 1993, 167)

SHADING DEVICES

a) Heat gain through a sunlit glass area is many 
times greater than through an equal area of 
ordinary wall, and its effect is usually felt 
immediately.

b) Shading devices can modify the thermal effect of 
windows to a great extent. They can be applied 
internally, externally or between double glazing. 
They can be adjustable or retractable and of a 
variety of architectural shapes (starting with roof 
overhangs) and geometrical configurations. They 
can control heat gain either constantly or 
selectively, eliminating the sun in overheating 
periods or admitting it in underheated periods. 
They can also affect daylight, glare, view and 
ventilation.

c) Sometimes requirements may seem 
contradictory, e.g., good lighting for seeing, but 
minimal solar heat gain, but solutions can often 
be found that fulfill all requirerments. Effective 
shading, such as external shutters, eliminate 
more than 90% of the heating effect of solar 
radiation. Inefficient shading, such as dark 
colored internal devices, allows 75 to 89% of the 
solar radiation impinging on the window to enter 
the building
(Watson 1993, 145).

Comments:
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CLEAR OR TINTED 
GLASS

CLEAR SUBSTRATE 
RECOMMENDED

PYROLITIC

LOW EMISSIVITY

INSIDE

1/4 GLASS
REFLECTIVE
COATING

SHORTWAVE
RADIATION

LOW E COATING

, LONGWAVE 
RADIATION 

ROOM INSIDE 
HEAT

a)

b)

Preferred coating locations Coatings energy diagram.
(Source: Adapted from AIA 1993, 141) (Source: Adapted from AIA 1993, 141)

% Heat absorbing glass % " Plate glass

,
-k-u

Solar energy transmissions through heat absorbing
single glazing versus clear glass. Effect on o f reflective film  location on heat transmission

(Source: Watson 1993, 172) through double glazing.
(Source: Watson 1993, 174)

c)

d)

e)

f)

g)

11

FENESTRATION 
(INSULATING GLASS)

Air spaces between layers of glass in a window 
interrupt the path of conduction, and 
significantly reduce the rate of heat to flow; thus, 
the cooling and heating loads of the conditioned 
space.
The more layers of glass separated by air spaces 
the less heat flow can be achieved, and the less 
amount of sunlight is transmitted.
Heat-absorbing or tinted glass absorbs solar 
radiation, and thus, it transmits less solar heat 
and glare into a building.
Reflective Glass consists of a reflective film 
laminated between two sheets of clear glass. It 
reflects heat and glare, and thus, it also performs 
very much like heat absorbing glass.
Low emissivity film  reflects long wave room-side 
infrared energy back to interior spaces.
The energy effectiveness of applied films 
depends on whether air conditioning or heating is 
dominant, and which direction a window faces. 
Typically, a total window unit consisting of 
frame, sash and glazing costs approximately 50% 
more for double versus single glazing.

Comments:
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Chapter 1: Sustainable Environment: Energy Conservation 12

Simple overhang. Acts as a 
Shield and Reflector. 
Penetration is poor.

Addition of High-Reflectance. 
Curved section at ceiling 
increases room penetration.

Curved Collector/Reflector. 
Combination increases 
daylight factor deep into the

Curved Collector/Reflector. 
Combination placed inside 
building wall. Light 
penetration is very deep and 
less dependent on sun’s 
position.

Sawtooth roofs and 
Clerestories. Introduce light 
deep into the building. 
Overhangs and horizontal 
louvers help protecting against 
thermal effect o f the sun.

H 2 H H Skylights. Most efficient mean 
to introduce light into the 
building. Introduce direct 
summer sun into the building 
and cause heat loss in winter. 
Limit area to 5% o f total roof. 
(Source: Watson 1993, 196- 
200)

E

I------I

Light shelf. Glass is flush with 
exterior wall. Unshaded 
glazing admits direct solar 
radiation into the building.

Light shelf glazing is recessed. 
Shaded glazing admits only 
reflected and diffuse solar 
radiation, keeping spaces cool.

(Source: Adapted from Watson 
1993, 202)

FENESTRATION
a) Suggestions and advice by the Solar Energy 

Research Institute for glazing in Tucson are as 
follows:

•  North windows lose significant heat energy and gain little 
useful sunlight in the winter. Large north facing windows 
should have high insulating value. They have very little direct 
sun in summer, presenting not much o f  a shading problem.

•  East windows provide not enough significant energy, but 
usually enough to cause potential overheating problems in the 
morning. If design dictates east windows, shading should be 
done with particular care.

•  West windows may be the most problematic. There are few 
shading systems that will be effective enough to offset the 
potential for overheating from a large west facing windows 
— tinted glass or low-e glass which provide shading while 
allowing almost clear view.

• South windows in any house are contributing some solar heat 
energy to the house’s heating needs. Therefore, they should 
be designed to work with direct gain and passive solar 
systems.

(Solar Energy Research Institute 1993, 12, 34).

b) Recommended glass area as percentage of total 
floor area are 4% for windows facing north and 
east, 2% for windows facing west, and 7% for 
windows facing south.

c) Fenestration design contributes to savings by 
reducing the use of artificial lighting.

d) It is easier to increase daylighting by extending 
the perimeter of the building. However, 
requirements of heat loss and gain must be 
satisfied too.

e) Windows, clerestories and skylights transmit 
sunlight into the building. Appropriate glazing 
and lighting control can easily solve the 
problems of overheating and glare.

Comments:

Master's Report: Case Study on Sustainable Design in Tucson, Arizona



Chapter 1: Sustainable Environment: Energy Conservation 13

Ground reflectivity control with vegetation 
for summer time.

4 fe e t

3 WINTER

Berm utilization for reflectivity in winter.
(Source: Chalfoun 1995, week 8, p3).

REFLECTIVITY

a) Solar radiation can be reflected, transmitted 
and/or absorbed. The lighter the color of a mass 
surface the greater the multiple reflections before 
solar radiation is absorbed within the zone.

b) The overall absorptance of a space should be at 
least 0.5 but need not exceed 0.8 for effective 
absorption of solar radiation.

c) Consider replacing massive components on 
which a light color is desired with non-massive 
and possibly less expensive substitutes.

d) Shading and reflectivity strategies can be 
combined to achieve proper heat gain into the 
building.

e) Zeroscape design cuts water costs, but it allows 
the heat from the sun to reflect off rock or paving 
into the building. Deciduous trees can shade 
driveways near the building. In this case, 
driveways can consist of light color materials 
that reflect heat (See Zeroscape on subject Water 
Conservation).

f) The shape of a berm surrounding a building can 
play an important role in controlling the ground- 
reflected component of the sunlight beam in 
summer and winter.

Comments:
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Heat Exchanger

Furnace

Electric Heater

Wood burning stove

Heat Pump

Triple Heat Pump

In-duct Heating Coil

Gas Space Heater
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AIR TIGHTNESS AND 
EFFICIENT EQUIPMENT

a) It has been estimated that about 25% of the air 
conditioning of an average building escapes 
through cracks and openings. Sealing the house 
carefully to reduce air infiltration —air 
leakage— is necessary to energy conservation as 
adding insulation.

b) A good, comfortable, energy efficient house will 
have approximately 0.35 to 0.50 air changes per 
hour under normal winter conditions. Increasing 
the tightness of the house beyond that may 
improve the energy performance , but it may also 
create problems with indoor air quality (Solar 
Energy Research Institute 1993, 11).

c) In well-insulated houses, much of the heating 
demand is for warming the incoming fresh air.
To reduce this load a heat recovery ventilator can 
be used (between 50 and 75% of the heat in the 
exhaust air is transferred to the incoming air).

d) Mechanical heating and cooling equipment with 
high efficiency SEER 14 is recommended to 
save energy.

e) .In houses with a central unit, it is recommended 
to set the thermostat to 65°F in winter and 75°F 
in summer.

f) Some furnaces and boilers can efficiently 
provide hot water for domestic use as well as 
heat (modem units operate at 95% efficiency). 
Sealed combustion units are recommended.

g) Exceptionally well insulated homes (or 
especially small) houses may not need a full size 
furnace or boiler —common water heaters are 
less expensive.

Comments:
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HEATING COOLING

Southerly oriented glazing (collector) admits winter 
solar radiation to the interior space beyond. Thermal 
mass absorbs solar energy. During cooling season, 
windows, walls, and roofs can be operable and for  

induced ventilation.
(Source: Adapted from A1A 1993, 223).

1:8.3 for walls 
and ceilings —

1:5.5 for sunlit f lo o r * ^  
(should not exceed 1.5 .
times window area)

1:40 for floor not 
in sun

DIRECT GAIN
a) Sunlight through south facing glazing falls 

directly into the space to be heated, and stored in 
thermal mass incorporated into the floor or 
interior walls.

b) The higher the density of a thermal mass the 
better its heat storage capacity.

c) Total direct gain glass area should not exceed 
about 12% of the space’s floor area. Beyond that, 
problems with glare or fading fabrics may occur, 
and it becomes difficult to provide enough 
thermal mass for year-round comfort.

d) Night insulation (R-4) improves its energy 
performance dramatically. Relatively few owners 
will be diligent enough about operating it.
Energy efficient glazing is more reliable (needs 
no operation).

e) Thermal mass can be slab-on-grade, floor 
covering, walls or veneers over interior walls. 
Effective materials for floors include painted, 
colored or vinyl covered concrete, brick (face 
brick or pavers have even higher density than 
ordinary building brick), quarry tile, and dark 
colored ceramic tile.

f) Mass walls and ceilings should be light in color 
to help distribute heat and light more evenly.

Add 1.0 s .f  of direct gain glazing for every 5.5 s .f  of 
uncovered, sunlit mass floor; 1.0 s.f. of direct gain 
glazing for every 40 s .f  of thermal in floor of the 
room, but not in the sun; and 1.0 s .f  of direct gain 
glazing for each 8.3 s.f. of thermal mass placed in the 
wall or ceiling of the room.

(Source: Adapted from Solar Energy Research Institute 1993,25)
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Sunlight is absorbed directly into the wall instead 
into the living space. The energy then is released into 
the space over a relatively long period (typically, the 
energy stored during the day is released during the 

evening and nigh time hours.
(AIA Architectural Graphic Standards 1993, 223)

Chapter 1: Sustainable Environment: Passive and Acitve Systems

Material Density Thickness
(Ib/cf) (inches)

Concrete 140
Concrete block 130 7-7,9
Clay brick 120 7-16
L. w. concrete block 110 6-12
Adobe 100 6-72

Thermal Storage Wall thickness recommended 
by the Solar Energy Research Institute for

Tucson.
(Source: Solar Energy Research Institute 1993, 31)

16_

THERMAL STORAGE 
WALL

a) A south-facing glazed wall is usually built of 
heavy masonry; but sometimes, it uses water 
containers or phase change materials,

b) The outside of the thermal mass wall should be a 
very dark color (an absorptance of 0.92 is 
recommended.

c) Its summer heat gain is much less —roughly 
57%— than from a comparable area of direct 
gain glazing.

d) Although vents to the living space were once 
commonly built into thermal mass walls, 
experience has demonstrated that they are 
ineffective.

e) Double glazing is recommended unless a 
selective surface is used (with which single 
glazing performs as well as double glazing).

f) Selective surfaces should be low-e, which 
improves the thermal mass wall performance by 
about 38% in Tucson.

g) Space between glazing and thermal mass should 
be 2”.

h) The effectiveness of the thermal storage wall will 
improve as the density of the material increases. 
The optimum thickness of the wall depends on 
the material.
(Source: Solar Energy Research Institute 1993.)

Comments:
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Attached
Sunspace

Living Space

Open wall subsystem. The Sunspace opens directly 
to the living spaces and is basically an extension o f  
these areas.

(Source: Chalfoun 19%, week 6, 2).

Attached
Sunspace

Living Space

Direct Gain Subsystem. The open connection 
between the sunspace and the living spaces is 
replaced by a glazed wall.

(Source: Chalfoun 1996, week 6, 2).

Attached
Sunspace Living Space

Thermal Storage Wall Subsystem. The shared wall 
between the Sunspace and the living spaces is a 
Mass Wall (Enlarged Trombe Wall).
(Source: Chalfoun 1996, week 6, 2).

Attached
S unspace Living S pace

Air Exchange Subsystem. The Mass Wall contains 
operable vents (manual or automatic) for  
convection heat transfer.
(Source: Chalfoun 1996, week 6, 2).

ATTACHED SUNSPACES
a) Attached Sunspaces are spaces designed for 

passive solar gain that are attached to the south 
side of a building. They are used primarily for 
heating since they are effective in areas with 
moderate to severe winter climate.

b) They can project from the house or the house can 
be designed to wrap around the Sunspace and 
partially enclose it.

c) When they are partially enclosed by the house, 
heat losses are reduced, heat transferring is easier 
to the living spaces, and a larger amount of 
thermal storage material can be added to the 
house.

d) During the cooling season, the collector (glazing) 
should be shaded to prevent unwanted heat gain. 
Low vents should be located in the shade on the 
windward side, and high vents on the leeward 
side to allow proper ventilation.

e) They can be an extension of the living space, 
become and asset to the house, and used for 
growing plants and/or food.

f) Costs can be kept low by using less expensive 
materials, but these tend to degrade quickly, and 
the installation as a whole will be less durable. 
Quality construction on the other hand, can be 
expensive.

Comments:
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Living Space

Underslab rockbed with house network as heat 
source.

(Source: Chalfoun 1996, Week 6, p. 2).

Sunspace

Living Space

Underslab rockbed with sunspace network as heat 
source.

(Source: Chalfoun 1996, Week 6, p. 2).

?!
Attached
Sunspace

Living Space

Underslab rockbed with sunspace as heat source and 
evaporative cooler system as function o f wetbulb 

depression.
(Source: Chalfoun 1996, Week 6, p. 2).

Underslab rockbeds cooling and heating. 
(Source: AIA Architectural Graphic Standards 1993, 223)

UNDER-SLAB ROCK-BED
a) An under slab rockbed is a sophisticated passive 

solar system that provides heat and cooling to the 
conditioned space. It commonly uses 
conventional energy as a backup.

b) It consists of rocks with sufficient heat capacity 
contained in an insulated storage unit that 
provides heat for extended sunless periods.

c) The thermosiphon, natural convection system, 
relies on the rise and fall of heated and cooled 
elements such as air. As temperatures change, air 
moves without mechanical assistance. When the

f  sun warms a collector surface, warm air rises. 
Simultaneously cooler air is pulled from the 
storage bottom, causing a natural convection 
loop. Heat is convected into the space or stored 
in the thermal mass until needed (AIA 
Architectural Standards 1993, 223).

d) In cooling seasons, collectors may be used as a 
thermal chimney. Warm air rises, inducing 
precooled air from the ground or other source up 
through the storage mass to cool it (AIA 
Architectural Standards 1993, 223).

e) A convenient rock size for storage is about 2” 
diameter.

Comments:
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Typical Utility-Interactive PV system.
(Source: Watson, 325).
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PHOTOVOLTAICS

a) Solar cells made of silicon (the world’s second 
most abundant element) convert the sun light 
directly into electricity.

b) An invertor converts direct current (DC) into 
alternating current (AC) ready for use in regular 
home appliances.

c) The system includes batteries that are able to 
store electricity for use during the night or during 
cloudy conditions.

d) Their high price has discouraged their use in the 
average home, although they make good use of 
Arizona’s sun in rural zones.

e) Their efficiency is rising and their cost is 
decreasing ($600 per watt in 1950 and $8.5 per 
watt in 1990). It is projected that this technology 
will be cost effective enough for the average 
consumer shortly after the year 2000.

f) Arizona Public Service is developing technology 
to incorporate photovoltaics into roof shingles 
today.

►N ►N

SOUTH ORIENTATION OF RIDGE FROM THE 
THE BIG ROOF SURFACE EAST TO THE WEST

PV alternative locations and orientaion.
___________ (Source: Adapted from Humm and Toggweiler 1995).___

Comments:
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Indirect Single and Double Tank Solar Collector Systems. 
(Source: Watson, 285).

4 r * n l r

Cold

Direct Single and Double Tank Solar Collector Systems. 
(Source: Watson, 286).

SOLAR COLLECTORS

a) They can heat either air or liquid (primarily 
water). The heat can then be transferred to another 
fluid using heat exchangers.

b) The components are flat plates or evacuated tubes 
or linear concentration collectors (depending on 
the temperatures required), insulating storage 
reservoir with associated pumps (or blowers), 
piping (or ducting), and a control system.

c) Storage can be by a hot water tank, a rock bed (hot 
air systems), or a phase-change material.

d) In residential applications, a control system 
consisting of thermostats and relays controls the 
solar collection system, and their interaction with 
the auxiliary heating or cooling system.

e) Liquid systems are generally more efficient. They 
can be combined with domestic hot water systems, 
and air cooling systems possible in the future. 
Freeze protection can require antifreeze and heat 
exchangers —costlier and less efficient.
Precaution must be taken against corrosion, 
leakage, and boiling. Insulated pipes take up 
normal space. There are usually higher installation 
costs for collectors and storage components.

f) Air systems. Collectors generally operate at 
slightly lower temperature. Space heat can be 
supplied directly. They can preheat domestic hot 
water, but do not adapt easily to air-cooling. They 
require low maintenance and no antifreeze. Leaks 
can easily be repaired with duct tape; however, 
they may be difficult to find. Ductwork and rock 
storage are bulky. They have lower equipment 
costs. They require more energy to drive fans 
(than pumps). Their operation is noisier.

Comments:
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High Pressure: A
stationary obstacle in 
the path o f the wind 
will repel the moving 
air and cause it to pile 
up and slow down until 
it finds a new path in 
which to flow.

Wind Shadows: The 
flow o f air completely 
envelops the building 
(occurring in plan view 
or cross section). Size 
and shape do not vary 
with the wind speed, 
but are determined by 
the geometry o f  the 
building.

Inertia: The air will 
flow through the 
opening (if there is 
another opening for its 
exit) and will tend to 
travel inside the 
building in the same 
direction as it travels 
outside o f the building.

Pressure Differences:
Air flows out o f an area 
o f greater pressure into 
an area o f lower 
pressure. The speed of  
airflow within the 
building will be directly 
proportional to the 
speed of the wind.

Air Changes in 
Direction: within a 
building tend to make 
speeds comparable to 
outside air difficult to 
obtain.

Maximum Air 
Changes: Openings 
and outlets should be as 
large as possible.

Maximum Speed: The 
outlet opening should 
be larger than the inlet. 
If the direction o f  the 
wind were reversed, the 
increased speed would 
be on the outside.

Location of openings: 
The air will enter the 
building at an oblique 
angle if  the inlet 
opening is placed 
asymmetrically.

The most obvious way 
to get air to enter into 
the building is the 
overhang. Its size and 
shape will determine 
how much air will flow  
into the building. The 
strong air movement is 
not on the occupied 
zone near the floor. The 
air can be directed to 
the floor using 
projected-type 
windows. The most 
efficient way to 
ventilate could be in 
general, a low inlet and 
a high outlet.

DIRECT COOLING
a) Natural and induced ventilation can be used to 

increase comfort after controlling heat gain.
b) It is generally recommended that ventilation rates 

should be at a speed of 200 ft./min. (but about 
this speed, air can disturb loose papers). In rooms 
with windows in only one wall, the average room 
air speed can reach only about 15% of the 
external value. Generally, room air speeds are 
not significantly reduced when the wind 
direction is as much as 45° away from normal 
incidence. Place landscaping strategically to 
channel winds in preferred direction.

c) Buildings should ideally be long and narrow, 
with rooms one or at most two rows deep, in 
order to optimize natural ventilation. Providing 
interior doors with louvers can encourage cross 
ventilation.

d) Generally, ventilation inlets should be placed in 
the wall adjacent to the high-pressure area. 
Extended eaves, canopies and wing-walls can be 
use to encourage high-pressure zones near an 
inlet. Mesh screens can reduce the overall 
ventilation rate 25 to 50% for wind speed in the 
rate of 2 to 10 mph.

e) Wind shadows are relatively low-pressure areas. 
Therefore, it is desirable to provide outlet 
openings in the walls adjacent to them so that the 
air can be pulled out of the building. To achieve 
maximum airflow, abrupt directional changes 
should be kept to a minimum. In a simple 
rectangular plan, the inlet and outlet openings 
should be opposite to achieve maximum air 
changes.
(Source: Watson 1992)
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Living Space

Bottom discharge type. 
(Source: Chalfoun 1996, Week 10, p.2)

Living Space

Side discharge type. 
(Source: Chalfoun 1996, Week 10, p.2)

Summer Discharairo

Side discharge type with living space, Smspace 
and Rockbed netM’ork in summer time. 

(Source: Chalfoun 1996, Week 10, p.3)

Side discharge type with living space, Sunspace 
and Rockbed network in wintertime. 

(Source: Chalfoun 1996, Week 10, p.3)

COOL TOWERS

a) Cool Towers can be used for cooling residential, 
commercial, and outdoor private or public areas 
in hot arid regions.

b) Also known as Natural downdraft evaporative 
coolers. These are tower-like devices equipped 
with wetted pads and sprays at the top, which 
provide cool air by gravity flow.

c) Design is important in getting optimal 
performance —factors include free air flow, 
venting of exhaust air, prevailing wind direction, 
site orientation and shading, landscape and 
structural plans.

d) The amount of water used is the same as or less 
than that used by a conventional evaporative 
cooler, but Cool Towers yield a greater 
temperature drop per unit of water.

e) They require energy for running a Va horsepower 
pump in the hydro-unit to re-circulate the runoff 
water to the pads (in most of the cases the city 
water pressure is enough to get the water to the 
top of the tower). The latest designs use 
photocells to power the pump.

f) When they are incorporated in the design of a 
new house, the cost might not go beyond that of 
the hydro-unit ($3,000 in 1987).

Type o f Equipment Monthly cots BTU/kW/H
Air Conditioner $90 7,500
Evaporative Cooler $40 18,900
Cool Tower $5 87,800
Operating cost and cooling load comparison by 
Environmental Research Laboratory, in 1987. 

(Source: Fun world July 1993, 37)

Comments:
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To garden, pool., 
and toilet

To garden and

Washing
machine Toilet

Greywater tank

Rainwater tank

Rainwater can be collected, filtered, and stored in 
large underground tanks. It can be used then, for  
watering the garden, washing the car, and other 
cleaning jobs. It can also be used to flush toilets. I f  it 
is free ofpollutants, it can be also used for outdoor 
pools and tubs. Water from the bath, shower, and 
bathroom basin (gray water) can be used to flush 
toilets or for landscaping. Sewage (black water) can 
be treated; then, it can also be used to water 
landscaping. The less-polluted bath and washing 
greywater is recycled through hyacinth and filters 
and used to flush toilets and water the garden.

(Pearson 1989, 94)

WATER HARVESTING

a) Captured rainwater in either a cistern or a 
manmade catching basin is one way to reduce the 
use of treated water and enlarge the landscaping 
water supply. These systems are usually 
affordable when their size is designed to backup 
the municipal water system.

b) Cisterns are usually fed with water from the roof. 
A simple system of gutters captures run-off and 
channels it to an above- or below-ground cistern.

c) Catchment areas which are often landscaped to 
look like ponds or marshes, can also be fed with 
water from roofs or with water draining from 
paved and turf areas. Surface swales can be used 
to channel the run-off to where it will be stored.

d) With these systems, reliance on municipal 
supplies is cut by two-thirds, with the added 
bonus of a 90% reduction of waste-water going 
for sewage treatment. These systems are 
probably cost effective only in drier climates 
where water is a scarce and costly resource.

WASTE WATER 
TREATMENT

Wastewater recycling:
a) Some jurisdictions (Arizona) still prohibit the 

use of graywater. Others have begun to permit it, 
including the entire state of California. In most 
cases separate drain lines must be installed, and 
where applicable, separate septic tanks, to keep 
graywater and black water separate. This is not 
overly difficult or expensive in new construction.

b) The cost may outweigh the benefits for small

Alternative sewage systems:
c) These systems do not save water, but they have 

environmental and economic benefits.
d) The Marsh type system passes the sewage water 

through a series of wetlands where it is purified 
by water-loving plants and micro-organisms, 
eventually emerging cleaner than Class 1 
drinking water. The approach is low cost, low 
maintenance and low tech, but it does require a 
fair amount of land.

e) The solar aquatics approach overcomes the 
marsh system by passing graywater through a 
series of tanks where is gradually purified by 
plants, bacteria, invertebrates, fish, and sunlight.

f) Both the marsh and the solar aquatics systems 
use much less energy and capital than do 
conventional sewage plants. They are cheaper to 
operate. They are surprisingly attractive. They 
provide natural habitat, fertilizer, and in some 
cases food (Lopez and Browning 1995, 81). 
Although single buildings are generally too small 
to sustain these biological wastewater systems, a 
cluster of buildings or a subdivision could.

g) Composting toilets are a sewage option for 
individual homes. They generally need no sewer 
hook-up, septic system, or plumbing. They may 
be the best option for applications on remote 
sties or sites that are difficult to plumb (where 
the building site is adjacent to a river, or the 
ground is underlain by solid rock, or permafrost. 
Composting toilets can eliminate the need for 
28% of indoor residential water consumption 
normally used by flush toilets. The end product 
can be used as fertilizer. They are biological 
systems and require regular maintenance. They 
can smell, they cannot adapt to irregular or pulse 
usage, and they can make a house difficult to re

buildings that are already using water efficiently. seJi.
Comments:
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LANDSCAPE

a) In arid regions, it is important to design a water 
efficient landscape or Xeriscape. Especially 
sensitive areas should be avoided. Landscaping 
should consist of drought-resistant native plants, 
and perennial ground covers. Conventional lawns 
have a great environmental impact because of 
water use, pesticide use, and pollution generated 
from mowing.

b) Landscape can be planned on the basis of 
“hydrozones,” or areas of different irrigation 
requirements. Plants with similar needs are 
grouped, into hydrozones, reflecting small 
ecosystems in the landscape and requiring 
varying amounts of water (Arizona Public 
Service 1995,61).

e) Zeroscape is landscaping that is devoid o f
vegetation. The building is surrounded by paving 
or crushed rock with little or no foliage, and is 
aesthetically appealing. While this design cuts 
water costs, it allows the heat from the sun to 
reflect off the rock and into the building (See 
also Reflectivity p.13, and Mesoscape -—drought 

. tolerant trees— p. 9).
d) Design recommendations followed by Arizona 

Public Services (APS) among others are: to 
maximize the use of drought tolerance plants; 
use plants that, when mature, will not depend on 
a  regular supply of potable water; and, collect 
rainfall to water plants for appropriate areas of 
the yard.

e) The use of drought-tolerant plants maintains the 
character of the site; reduces the depletion of 
surface water and groundwater; reduces the 
burden on municipalities to treat water and

wastewater; and achieves energy consumption 
savings on pumping groundwater and surface 
water to reach residential customers.

f) A driveway consisting of stabilized decomposed 
granite can be proper because it retains porosity 
(water can rapidly move through it) and is a 
native, durable material.

g) Wafer conservation features may be worthily 
sacrificed at some point. Wire fabric fences with 
vines growing on it can make a natural gentile 
frontier for people, and even work as a summer 
season shading device for the building.

h) An example^ of the hydrozones planning: can be 
seen on the Environmental Showcase Home in 
Phoenix (APS 1995, 61). The home features a 
principal hydrozone, which is an area that 
requires more water because it is utilized more 
intensely for recreation and aesthetic reasons and 
it is represented by a small turf area. A 
secondary hydrozone, uses less water and it is 
represented by plants that provide focal points in 
the patio. The minimal hydrozone uses rainwater 
with some supplemental water, particularly 
during dry summer months and for young desert 
trees with fast growth rates. And the elemental 
hydrozone requires no additional water, It is 
typified by cacti and other drought: tolerant plants 
with slow growth rates.

Comments:
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Garden/Car

2% »

Dishwashing
5% 1

20-30%

Garden Car can be 25% in dry climates with a swimming pool installed.

Domestic water use. 
(Adapted from Pearson 1989, 90)

Toilet tank adapted 
(Source: Adapted from Pearson 1989, 90)

WATER SAVING-DEVICES

a) Water conservation devices are unobtrusive and 
permanently eliminate waste with out the user’s 
intervention.

b) Toilets use nearly half- and baths and showers a 
third of household water.

c) Toilets. Displacing the amount of water in the 
toilet tank can save 30% in water consumption. 
Placing objects such as bricks, stones, or two or 
three bottles filled with water and weighted with 
stones in the toilet tank displaces water and thus 
reduces the amount of water used. Toilets have 
been developed to use 1.6 gallons per flush. 
Pressure-assisted mechanism and cleaning 
mechanism toilets assure an adequate flush with 
a minimum amount of water. The Gravity-fed 
siphon action toilets use less than 1.5 gallons per 
flush. They may include a “toilet lid sink” for 
washing hands (when the toilet is flushed, clean 
water is routed the gooseneck spigot in the sink, 
and after washing hands the water then drains 
into the tank and bowl to be used in the next 
flush). Hydraulic attrition toilets are extremely 
low-flush (0.6 gallons per flush) that break up 
waste products into small particles providing 
adequate flush, while lightening the load on 
waste for treatment plants.

d) Shower Heads. New showerheads prescribe 2.25 
gallons per minute. They may include an on/off 
switch allowing the users to turn off the water 
flow anytime during the showering; and 
conserving both, water and energy needed to heat 
the water. Other showerheads allow the 
adjustment of spray patterns from a needle

shower to a heavy wash. Some low-water 
fixtures can be hand-held or mounted on an 
adjustable bar for better access by elderly and 
disabled people.

e) Faucets. New aerators allow flows of only 2.5 
gallons per minute in the kitchen, and 1.5 gallons 
per minute in the bathrooms.

f) Washing Machines. Front loading with variable 
load washing machines use 8,700 gallons rather 
than 24,000 used by a typical water-inefficient 
machine, achieving with it less energy too. Other 
washing machines can save approximately 1,000 
gallons of water and 250 kWh in energy per year 
over standard equipment.

g) Irrigation systems. A drip irrigation system to 
water trees, bushes, and shrubs reduces water 
use. They can have an automatic sprinkler 
system programmed to maximize the benefits — 
watering deeply every four days reduces total 
consumption and is better for the plants. Best 
irrigation timers include buried moisture sensors 
that deliver just the right amount of water to the 
root zone.

Comments:
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CONCRETE AND BLOCK 
WALL FOUNDATIONS

a) Cement is energy intensive to produce, and the 
concrete made from it is not a particularly good 
insulator.

b) Monolithic slab foundation minimizes the need 
for concrete because foundation footings need 
only be 12” deep in most, cases. Slabs eliminate 
the floor framing system as well

c) Frost-protected shallow foundations reduce the 
amount of concrete used by avoiding deep 
footings. This system uses foundation perimeter 
insulation that captures heat from the building to 
prevent frost heaving beneath the structure.

d) Canadian Thin Wall utilizes poured concrete 
walls that are 6” thick instead of the standard 8”.

e) Fly ash reduces for a. portion the amount of 
cement used in any ready-mix concrete. Fly ash 
used in construction is a by-product of coal 
combustion, usually derived from coal-fired 
power plants. Standard practice fly ash can be 
used as a pozzolan replacement for 15%-35% of 
the cement in the concrete mix by weight, 
depending on the type o f fly ash and the 
application.

f) Fly ash concrete blocks. Fly ash can also 
produce part of the fine aggregate needed in the 
concrete masonry units, adding strength and 
durability to the final concrete product.

g) Although, concrete containing fly ash cures more 
slowly than traditional concrete,; it is easy to 
work with and provides a slightly smoother 
finish.

h) Block & Form. Blocks may be filled with, 
insulative inserts, concrete, or site-blown foam

above grade walls, reducing the amount of 
concrete used and providing thermal insulation to 
a. concrete structure.

i) Interlocking Foam Blocks.. This system employs, 
lightweight interlocking foam, blocks or panels as 
permanent concrete forms to make foundations 
or above-grade blocks. Rebar is laid in the 
hollow foam cores, then concrete is poured into 
the cores to create a load bearing structure. 
Configurations require less concrete than 
ordinary poured foundation, and the post-and- 
beam system in particular,, consumes far less 
concrete.. These systems provide dramatically 
higher thermal performance efficiencies than a 
solid concrete foundation or wall. Forms can be 
either extruded or expanded polystyrene.. Some 
connectors may create a thermal bridge through 
the walls that impairs energy performance of the 
complete wall.

j) Permanent foam forms are derived, from 
petroleum, and foam insulation requires a great 
deal of energy to manufacture. At: present these 
systems are not able to use recycled foam in their 
manufacture,

k) The bond form and concrete fill could make 
materials difficult to separate for recycling when 
the building is demolished or remodeled, 
although unused scrap from the construction site 
can be recycled,

l) ACC system. It improves thermal efficiency in a 
concrete wall by entrapping air within the 
concrete.. Autoclaved Cellular Concrete has great 
potential for reducing the amount of concrete 
used in block or panels, while increasing the 
thermal resistance of a 8” wall to- as much as five 
times that of concrete alone. Hydrogen bubbles 
produced by chemical reaction expand the mass

provides a high strength-to-weight ration and can 
be worked with ordinarily tools. Blocks are solid 
without the voids that are molded into 
conventional concrete masonry units.

FRAMING

m) Advanced fram ing  systems increase the distance 
between studs and. use two-stud comers and 
insulated headers to achieve a reduction in wood 
use. Reducing the number of studs that can act as 
thermal bridges also increases thermal 
performance of the wall.

n) 5/4 Studs build the same type of structure 
efficiently with less wood. Some companies 
make these thinner studs; today.
Engineered lumber products turn small pieces, 
sometimes from faster-growing: tree species 
formerly considered undesirable, into strong, 
dependable framing members, when combined 
with adhesives under heat and pressure. Some 
engineered wood products can even utilize wood 
fibers recovered as by-products of the milling 
process. Engineered lumber products offer 
consistent performance,, predictable, quality, 
superior structural integrity, and reduced 
construction waste..

p) I-joist. Its, web is usually made from oriented 
strand board (OSB) or plywood. Its top and 
bottom flanges are made from solid sawn, finger- 
jointed or engineered lumber. OSB consists of 
small wood chips (averaging 4” in length) 
derived from young, fast growing trees, instead 
of the larger spruce,, pine, fir and imported trees 
required to. manufacture plywood.. I-joists have a 
very high strength-to-weight ratio and provide

insulation. They can make both foundation and_________creating a lightweight concrete. This concrete__________ structural support: to floors and roofs, saving one

Comments:
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third of the amount of wood fiber used in a 
traditional solid sawn joist system.

q) Laminated strand lumber uses wood fiber strips 
of around 12” longer than the chips used on OSB 
production-oriented! lengthwise within the final 
product. It is. used for window and door headers 
or beams.. Laminated sUandlumber studs- are 
also available.

r) Laminated veneer lumber stacks narrow veneers 
of wood to beam dimensions. It is used for 
window and door headers or beams.,

s) Finger-jointed lumber allows combination of 
short lengths o f lumber formerly scrapped or 
burned for fuel at the mill into standard length 
dimensional structural lumber for framing truss 
fabrication, or I-joist flanges. It can also be used, 
as studs.

i) Steel framing  light-gage just: beginning to enter 
into residential market. It is durable, lightweight, 
insect resistant, and relatively stable in price. It 
contains 50% recycled metal, and is also 
recyclable. Some disadvantages are the potential 
problems with condensation, the tremendous 
energy required for initial manufacture of the 
metal, and thermal bridging through exterior 
walls. Insulated exterior sheathing is 
recommended if  used in exterior locations, still 
representing an additional construction cost.

BRICK AND CONCRETE 
MASONRY UNITS

a); Brick Masonry. I s  characteristics of modularity, 
load-bearing capacity, durability and small unit 
size make it extremely flexible in design, and 
relatively simple in construction. In general brick

is used today as "brick veneer.” Its load-bearing 
capacity (compared to concrete masonry, or steel 
framing) usually makes the required wall 
thickness unacceptably high, and economically 
prohibited. Most: fired brick are now machine 
made, and depending on the qualities of the clay, 
they can be extruded and wire cut: or 
mechanically compressed in moulds prior to 
firing. Although fired clay has much greater 
compressive strength and better weather 
resistance than raw earth, the impact on the 
environment in terms, of energy and pollution 
from combustion and fuel consumption should 
be considered. The Brick Institute o f America is 
researching new masonry products from recycled 
materials such as sewage sludge and petroleum- 
contaminated soils in combination with clay.
Low quality bricks are also being crushed for use 
as a landscaping element like bark mulch (St. 
John 1992,4.1)

b) Concrete Masonry Units. They share many of 
the characteristics of concrete, both cast-in-place 
and pre-cast. Modularity and small size, make 
concrete masonry units (CMU) flexible in design 
and easy of construction. They have high load- 
bearing capacity and offer great variety o f shape, 
size, and color. The potentials: for enhancing 
thermal performance with the use of loose fill or 
rigid core insulation make CMU more 
appropriate for low-rise (two stories) 
applications, (St. John 1992,4.1).. Also refer to 
sections Foundations and Block Walls, and 
Insulation..

a)

INSULATION
Fiberglass. Fiberglass batts are the most 
common of all types of insulation, used in new

houses —they are relatively inexpensive and can 
be installed with little training and equipment. 
Batts offer an R-3.2 per inch. Chopped fiberglass 
is one of the most common materials that are 
available in loose-fill form. It can be blown or 
poured into wall or ceiling cavities. Fiberglass is 
light and there is a  concern of shifting around or 
creating thin spots on it. It may settle over time, 
causing reduction in its insulation value. Spray- 
in insulation can deal with settling concerns. A 
Blown-in system involves, mixing; fiberglass with 
a latex binder and blowing it into open cavities.

b) : Cellulose. It is heavier than fiberglass. It is made
of recycled newspaper, helping to control the 
solid waste crisis while consuming little energy 
and natural resources in its production. It is also 
valued for its resistance to air infiltration and 
sound attenuation capabilities. It may settle over 
time, causing a reduction in the insulating value. 
Wet-spray can deal with settling concerns. 
Cellulose can be applied to open wall cavities 
after the fibers have: been mixed with water and 
an acrylic binder. It gives: an R-3.6. It needs to 
dry completely before being enclosed in a wall.
It is usually mixed with boric acid or sodium as a 
fire retardant Either treatment requires boron, a 
non-renewable resource that exists in limited 
quantities. There is also some concern about the 
longevity of the fire-retardant, since it is water 
soluble. However, cellulose insulation products 
on the market do- meet all applicable fire safety 
standards.

c) Foam. Another contractor-installed system that 
has been developed recently is magnesium 
silicate-based cement that Is whipped to a foamy 
texture during insulation, after which it dries in 
place. Its biggest selling point is that it is1 totally 
non-toxic. This system is much more, expensive
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than fiberglass and cellulose insulation. 
Polyurethane can be also foamed in place, 
offering; an R-6 per inch. This system is quite 
expensive, and is created using CFC-11. Rigid 
foam is the least commonly used of insulation in 
rigid form. It is applied over rigid wood framing 
members and usually in addition to cavity-fill 
insulation. This system covers the studs 
eliminating the thermal bridging that occurs 
through the wood, which conducts heat more 
readily than insulation does. Extruded 
polystyrene is appropriate for exterior 
foundations. It offers an R-5 value; 
Manufacturers are recently using an HCFC 
foaming agent in its production, which is only 
one twentieth as damaging to the ozone layer. 
Base board or EPS (expanded polystyrene) does 
not insulate as well (R-3.6 to R-4.4 per inch) but 
it is less damaging to the environment because 
pentane rather than CFG or HCFC is used in its 
production. Better insulation foam boards are 
worse for the environment —usually with foil 
facing. They use CFC-li 1 in its production. 
Aluminized plastic film installed above the 
insulation and below the roof with the shiny side 
facing down reflects radiant heat and can reduce 
cooling loads by 7% to 5%.

d) Mineral Wool. It is partially processed in steel 
production. Steel production uses a great deal of 
energy —more than production o f glass and 
paper. Mineral insulation can also be made 
directly from rock. It is in. general non
combustible, non-corrosive, exudes no odor, and 
does not support the growth of fungus or 
bacteria. It has a value ofR-3 to R-4 per inch. Its 
use is more common in Europe and Canada.

e) Earth.. It is also a temperature moderator.
Ground around houses becomes a heat source in

winter and a cooling device in summer. This 
system can be expensive but it could substitute 
conventional insulation reducing its expense.

SHEATHING AND 
WALLBOARD

a) a) Oriented strand board (OSB) can replace 
plywood in many sheathing applications. It can 
be made from smaller diameter, fast growing tree, 
species, than, plywood, allowing for a more 
efficient utilization of harvested timber;

b) Structural sheathing is sometimes replaced by 
nomstructural sheathing with rack metal or 
braces to meet structural codes.

c) Some of the fiber cement composite 
manufacturers offer their exterior finish products 
in sheet rock, which can be used in sheaf wall 
applications to prevent rack, making it possible 
to eliminate structural sheathing from the wall 
assembly.

d) Many manufacturers have made plywood more 
resource efficient: Exterior sheathing made from 
gypsum and cellulose fiber; structural sheathing 
made from portland cement and mineralized 
wood fiber; sheathing made entirely form 
recycled wood fiber, with foil facing.

e) Wood veneer/coarse. It has two layers- of coarse 
particleboard between three wood veneer layers.

f) Gypsum and cellulose fiber.
g) Products can be used as inferior wallboard. They 

either contain recycled material or utilize waste 
resources: hardboard manufactured from, waste 
wood; wallboard made from perlite; gypsum, and 
recycled post-consumer newsprint; and. 
fiberboard made from agricultural by-products or

recycled newsprint.
h) Wallboard. can have other applications, including 

cabinetry, shelving, and other interior finish uses,
i) A new generation of board is now made with 

phenolic resins that do not off gas formaldehyde, 
yet are stronger than their predecessors.

WINDOWS
MULTIPLE GLAZING:
a) Adding; layers of glazing creates insulative 

chambers witinn a window, and makes it more 
thermally efficient. Clear films (heat mirrors) 
also function as additional panes,

b) Double pane windows with low-emissivlty (low- 
fi) refl ect heat into a building or away from the 
building.

e) Argon, an inert gas, between panes lowers
conductivity and increases R-value in windows.

d) Combination o f Argon gas with double low-fi 
films can produce center o f  glass. R-values o f  8.

e) Krypton-filled windows are quite more 
expensive but are more thermally efficient.

f) Specify different spectral characteristics —heat 
gain, emissivity, and transmittance— for 
different solar aspects. Use a glazing with a low 
shading coefficient to prevent overheating on 
west and perhaps on south elevation.

g) “Thermal brake spacers, or warm edge spacers”" 
help to improve the thermal efficiency at the 
window edge by interrupting heat conduction 
across the frame. Consider “unit” Revalue when 
selecting windows.

FRAMING:
h) : Poor installation and low insulation value of

window glass and frame combine to make

Comments:
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windows a heat gainer in warm climates, and 
heat loser in cold climates.

i) Substrates .of finger-jointed pine, edge-glued 
scratch of lower value wood, and high value 
veneer on the finish surface, as well as wood 
composites of scrap fiber and resin, are 
becoming common materials in window frames 
as good wood becomes scarce.

j) Metal, fiberglass, or vinyl, clad! wood! windows 
are becoming increasingly popular. These 
windows provide the aesthetic “appear of wood, 
but require less maintenance than a solid wood 
frame.

k) Wood windows are usually chemically treated to 
resist moisture and rot. The wood preservatives 
commonly used in windows can cause 
environmental damage if they contact surface or 
groundwater, or pose concern for some sensitive 
individuals.

l) Steel and aluminum are durable and frequently 
recyclable, but require enormous energy to 
produce, and are the least thermally efficient 
frame.

m) PVC frames are gaining increasing share, due in 
part to their affordability.

n) Vinyl is less conductive than metal, and contains 
integral color that eliminates the need for paint or 
stain. Its extrusion process requires less energy 
than production of other window frames.

o) Environmental groups advise against the use of 
vinyl due to their concerns about the chlorine 
content and the processes used! in production of 
PVC. They are produced by a  number of 
manufacturers, and readily available.

p) Fiberglass is energy intensive to produce.. It 
offers, good weather resistance and outstanding 
window longevity. New frames combine 
fiberglass on the exterior and wood on the

interior. Other fiberglass frames with insulation 
inside them are the most thermally efficient 
frames on the market today.

WINDOW FRAMES AND 
SUPERWINDOWS

INSULATING (SUPER-) WINDOWS:
a) They are double- or tiiple-paned windows filled 

with argon or krypton gas and containing an 
almost invisible “low emissivity” coating.

b) They offer R values of 4.5 to nearly 12, 
compared to 1.7-1.9 for standard double panes, 
and models can be selected to let in lots of light 
with little heat.

c) They cost 15%-50% more than standard double 
panes, but make sense in hot or cold climates 
everywhere.

d) In very mild climates, proper placement of such 
shading as deciduous landscape is cheaper.

e) Super-windows downsize (or even eliminate) the 
furnace and air conditioning in residential 
buildings. They also block noise,, increase 
comfort and protect furnishing from ultraviolet 
damage.

(Lopez and Browning 1995, 47)
FRAMES:

f) Poor installation and low insulation value o f 
window glass and frame combine to make 
windows a heat gainer in warm climates, and 
heat loser in cold climates.

g) Substrates of finger-jointed pine, edge-glued 
scratch of lower value wood, and high value 
veneer on the finish surface; as well as wood 
composites of scrap fiber and resin, are

becoming common materials in window frames 
as good wood becomes scarce.

h) ; Metal, fiberglass, or vinyl clad wood windows
are becoming increasingly popular. These 
windows provide the aesthetic “appeal” of wood, 
but require less maintenance than a solid wood 
frame.

i) Wood windows are usually chemically treated to 
resist moisture and rot. The wood preservatives 
commonly used in windows can cause 
environmental damage if they contact surface or 
groundwater, or pose concern for some sensitive 
Individuals (see Healthy Environment chapter 3).

j) Steel and aluminum are durable and frequently 
recyclable, but require enormous energy to 
produce, and are the least thermally efficient 
frame. PVC frames are gaining Increasing share, 
due in part to their affordability.

k) Vinyl is less conductive than metal, and contains 
integral color that eliminates the need for paint or 
stain. Its extrusion process requires less energy 
than production of other window frames..

l) Environmental groups- advise against the use of 
vinyl due to their concerns about the chlorine 
content and the processes used in production of 
PVC. They are produced by a number of 
manufacturers and readily available,

m) Fiberglass In energy intensively to produce. It 
offers good weather resistance and outstanding 
window longevity. New frames combine 
fiberglass on the exterior and wood the aesthetic 
wood appeal on the interior. Other fiberglass- 
frames with insulation inside them, are the most 
thermally efficient frames on the market today.
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DOORS

a) Fiberglass or metal sMns provide a durable 
alternative to wood faces made from the dear- 
grain heartwood found only in old-growth trees.

b) The lightweight foam cores available in exterior 
fiberglass and steel doors provide good) 
insulation.,

c) Doors with wood skin over composite wood 
fiber cores,, are also available in either interior or 
exterior styles.

d) Most doors including those with metal or 
fiberglass skins contain wood stiles and rails, and 
may also contain a wood-fiber core.

e) Energy efficiency can be improved by choosing 
entry doors that are pre-hung with compression- 
type or magnetic weather-strip.

f) Ranges, of thermally efficient doors are available 
in the market. Although these options may be 
more expensive initially than conventional solid 
wood components, their lifetime cost is usually 
lower. The energy maintenance service 
represented by these composite- materials 
translates into both cost and resource savings 
over the life of a  structure.

(Center far Resourceful Building Technology 1997,
56)

SIDING AND TRIMMING

a); W&od siding with some natural weather-
resistance made from cedar or redwood, places 
an additional burden on these heavily harvested 
climax forest tree species. Most solid-sawn wood 
siding materials require considerable

maintenance to maintain an attractive 
appearance. Its frequent replacement demands 
more resources, and produces more tear-off waste 
than longer-lived sidings.

b) Hardboard can use wood fiber recovered horn 
wood processing operations, mixed with resins- to 
create a durable composite. Wood siding in 
general is very combustible, which makes It a 
poor choice In areas prone to forest, brush, or 
grass wildfires..

e) Some engineered and composite wood sidings 
are coated and pre-finished to enhance their 
weather resistance, and durability.

d) Fiber-cement composite siding offers an 
extremely durable, attractive, and fireproof 
alternative. It requires less energy to manufacture 
than steel, aluminum, or vinyl siding. Fiber- 
cement can be textured to exhibit a wood-grain 
appearance, and is available in panel, plank, and 
shake styles. Cutting this siding produces a. great 
deal of dust. Some require painting before use.

c) Metal siding requires a great deal of energy to- 
manufacture. Its durability and recyclability 
reduces the; total energy involved in producing 
several generations of these products.

f) Vinyl (polyvinyl chloride) is a well-known 
siding material alternative, and is readily 
available from a number of manufacturers. A few 
manufacturers reincorporate a small percentage 
of post-industrial scrap into the manufacturing 
process, but PVC is difficult to recycle and none 
of the sidings contain post-consumer vinyl.. Some 
environmental groups express concerns that the 
manufacturing of P VC is the cause of excessive 
environmental degradation, and advise against 
using vinyl products.

g) Stucco in conventional manner has a 
cementitious base,, and In some regions and

climates traditional stucco a viable, low 
embodied-energy alternative. New generation of 
stucco finishes combine synthetic fibers or 
acrylic compounds in an exterior finish. Some 
stucco systems require rigid insulation as the 
stucco base, and the need attention to drainage 
details in humid climates.

h) ; Engineered wood products such as veneers and
composites offer consistent quality, improved 
durability, and more efficient use o f wood fiber 
for trim building components. Their use helps to 
prevent job-site waste, due to its freedom from 
defects,

i) . Urethane and polyester resin are used also for
exterior trimming moldings, providing a durable, 
low maintenance alternative for application such 
as attic vents and louvers.

ROOFING SHINGLES

a) Asphalt shingles are still by far the most popular 
residential roofing material. They are lightweight 
and. some styles are available with up to 30 years 
warranties. Most of them have relatively short 
useful life (20-25 years),, and since they are not 
readily recyclable,, usually end up in landfills.

b) Some roofing materials can be applied over old 
asphalt-shingle roofs,, which postpones the need 
to dispose of the used shingles, although the 
combined weight use of roofing materials can 
prohibit this, practice.

c) Asphalt shingles can be made on either fiberglass 
or "organic fiber’5 base. Most of the traditional 
organic asphalt shingles available today contain 
recycled! waste paper,, and some may also use 
reclaimed mineral slag in their surface aggregate.

Master's Report: Case-Study on SustaimNe. Design in Tucson, Arizona



Chapter I: Sustainable Environment: Resource Efficient Materials and Products 31

d) Textural beauty of cedar shakes and slate or tile 
roofing, depends on their straight grain and knot 
free of few remaining old-growth cedar trees in 
the Pacific northwest and western Canadla. Cedar 
shakes usually last only about 25-30 years in dry 
climates. They demand high level of 
maintenance. They are very combustible when 
dry.

e) Tile and slate are materials with good fire 
ratings. Their extreme weight increases their 
resource demand and materials for the roof 
system, not to mention the structural system for 
the whole house. They are expensive themselves, 
and more when shipped..

f) Fiber-cement composite slates and shakes have 
up to 60-year warranties. They are fireproof. 
They use wood fiber harvested from small 
diameter and fast growing species, or reclaimed 
from wood waste, or possibly even paper waste. 
They require installation time (hand nailing). 
Fiber-cement slates have somewhat brittle 
consistency.

g) One of the most resource efficient roofing 
materials may be metal. Metal roofs are 
lightweight, and can contain 1.00% recycled 
material. Most common are steel, but recycled 
aluminum and copper are also available. Their 
recycled content and ready recyclability usually 
offset their energy cost. If they are coated with a 
non-metallic substance such as P¥C, recycling 
can be difficult

h) Metal roofing is becoming increasingly popular 
in residential applications, and there are styles 
available that replace tiles and shakes.

i) Some composite roofing products utilizing tires, 
wood fiber, and plastic meet the criteria, for 
resource efficiency.

PANEL SYSTEMS

a) An average wall section of structural insulated 
panels contains 25% less wood than similar 2X4- 
studs placed at 16” on-center. On panels the 
sheathing provides an efficient use o f wood fiber 
while the foam core material is highly ihsulative.

b) Most panels require at least interior gypsum 
drywall to meet fire codes. Some manufacturers 
will ship panels with the gypsum board pre
installed over the OSB. Other panels are treated 
to make them fire resistant and eliminate the 
need of the layer of drywall.

c) The most common type of panel has an expanded 
polystyrene foam core, faced with oriented 
strand board (OSB) made from fast growing 
trees such as aspen and alder.

d) Non-structural stress-skin panels may be faced 
on one or both sides with gypsum drywall.

e) The foam core in structural insulating panels 
may consist of expanded polystyrene (EPS) or 
isocyanurate or urethane foam.

f) The higher initial R-value per inch of urethane 
may decline over time, leading to an aged “R- 
value” lower than the initial rating.

g) The R-value of EPS remains very nearly constant 
over time.

h) The foam insulation within the panels is 
uninterrupted by studs, providing an energy- 
efficient wall without thermal bridges.

i) Panels connection. Some panels connect with 
dimensional! lumbers or steel splines. Many 
manufactures use OSB splines in combination 
with expanding foam at panel seams. One 
comnanv offers recvcled elastic cam-lock

systems that seals with expanding foam, while 
another uses recycled plastic studs to join panels. 
Panels often join in a shiplap configuration, to 
form a tight joint that prevents air infiltration 
through walls.

j) Steel structure panels. A few companies are 
making; EPS panels with steel structural 
framework and without panel facing. Most of 
these systems use offset framing on the inside 
and outside of the panel, to prevent thermal 
bridges.

k) I-studpanels. EPS panels with I-studs create 
structural walls with a minimum o f wood 
framing.

l) Compressed Straw. Instead of foam acting as 
insulation, anew  company is producing 
structural insulating panels faced with OSB and 
compressed straw in between.

EFFICIENT LIGHTING

a) Compact Fluorescent Lamps. They are available 
as. replacement and. incandescent fitting. Initial 
price is high, but their long-life makes them by 
far the cheaper long-term option. They do not 
produce excessive amounts of heat in operation, 
they also avoid the problem o f dust and pollution 
associated with incandescent lamps. The quality 
of light output can be improved with ordinary 
paper and fabric shades.

b) : Tungsten Halogen Lamps. These are a new
generation of incandescents. The miniature 
quartz glass bulbs give a bright, white tight: close 
to daylight in quality. There are two types:: 
Powerful high-voltage, lamps, best used for
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general illumination, such as up-lighters, and 
low-voltage lights, ideal for accent lighting. Both 
are expensive, but can last as long as 4000 hours 
and can represent savings as high as 60% on 
lighting energy costs,

c) Metal-halide Lamps. They produce the same 
powerful white illumination as tungsten-halogen 
lamps but is as efficient as fluorescent. They are 
very expensive to buy but 6000 hours of use can 
be expected from them.

(Pearson 1989, 121)

INTERIOR FINISHES

a) Wallpaper made from recycled paper and wood- 
chips are resource efficient,

b) Acoustic ceilings with recycled paper are 
resource efficient too.

c) Latex paint is recycled as part of "household 
waste cleanup” programs in cities with 
aggressive recycling programs or by paint 
manufacturers. Recycled paint is in the market 
on a regional basis, but it could be ordered direct 
from the larger company for shipment to areas 
outside the region. The catalog of colors and 
styles of recycled'painting is expanding. 
Recycled paint is generally significantly cheaper 
than its virgin counterpart.

d) Interior finishes and trims extend the natural 
base resource by replacing clear softwood or 
expensive hardwood with other materials. Trim 
can be made from finger-jointed softwood 
lumber covered with hardwood veneer. Non
wood trim is another option,

ej: Eliminating trim altogether, and substituting 
drywall wraps at windows and doors is yet

another way to reduce not only resource 
consumption but also materials costs.

f) Non-stmcturalpanels are also another 
alternative. They can be made from agricultural 
fibers.

g) Lightweight or refinished plumbing fixtures are 
resource efficient too, as well as surfacing 
products that can be used as countertops.

h) Sheathing and wallboard products can perform, 
as interior finishes or be used to fashion

FLOOR FINISHES
cabinetry.

a) Cork is. fire resistant, acoustical, non-allergic, 
easy to install, and cork tile creates a minimum 
of waste during installation. Cork flooring comes 
from the bark of the Cork Oak tree in the 
Mediterranean region, which is able to replenish 
its outer bark when the bark is harvested on a 
nine-year rotation, Cork is lightweight, but has a 
comparatively high embodied energy due to the 
distance it must be transported before 
installation.

b) Linoleum  material made from wood flour, 
linseed oil, jute, and pine rosin, combined with 
non-renewable but abundant limestone is a 
traditional, renewable flooring. It is very durable 
and abrasion resistant, and can last 40 years or 
more. It is available in a variety of colors and can 
be used in residential, commercial, or even 
industrial buildings. Its energy savings are offset 
by the fact that linoleum used in the United 
States is imported from Europe.

c) Matts and Carpets can also be made from 
renewable fibers such as sisal, coir, jute,

seagrass, and wool
d) Sisal fibers arc extracted from the leaves of 

henequen plant which is cultivated in parts of 
South America and Central America, and Africa. 
This plant does not require fertilizers, pesticides, 
or herbicides.

e) Coir fibers come from tough coconuts husks and 
are used in malts and carpets too. This plant does 
not require fertilizers, pesticides, or herbicides.

f) Jute is an annual crop grown on the floodplains 
of Bangladesh and processed in that country.

g) Seagrass is growths in South China, and it is 
considered to be the strongest grass plant.

h) Laminated Bamboo flooring has an appearance 
and durability similar to a hardwood floor, but it 
is derived from a rapidly-renewable resource. 
Bamboo used in flooring is currently imported, 
which rises its embodied energy.

i) Waste glass from manufacture of windshields 
and PET plastic from post-consumer soft-drink 
bottles are being reprocessed into durable and 
attractive flooring products including carpet and 
tile. These products can also perform as tiles and 
countertops. There are carpets with backing and 
face made also from PET plastic to enhance 
recyclabiltiy.

j) Carpet pads are made also from recycled tire 
rubber and recycled textiles, and foam.

k) Rubber flooring  materials are suitable for 
interior as well as for exterior use.

l) Recovered post-consumer waste PVC  is also 
used in industrial and agricultural flooring tiles 
that resist chemical damage and provide 
drainage. Some of these products have also 
residential applications— exercise rooms, 
laundry rooms, entryways or exterior stairs and 
outdoor walkways.

m) Concrete slabs can be made resource efficient if

Master’s Report: Case Study on Sustainable Design in Tucson, Arizona
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A ey are finished adding color, texture, and 
^patterns to the top layer of concrete.

n) Used wood flooring can be recovered from 
remodeling and dlemolition projects in local 
• communities,, or purchased from “Salvage 
MateriaP’ companies.

HEATING AND COOLING 
EQUIPMENT

a | Heal pumps can also be used as heat exchangers 
that are most effective in the heating mode. They 
can be configured in all possible combinations of 
air and water.

b) Air-source heat pumps are more appropriate to 
operate than electric baseboards.

c) Water or ground-source heat pumps can better 
tolerate low outdoor temperature than air-source 
heat pumps (but super-insulation is usually a 
better buy).

d) Triple heat pump systems heat and cool the 
home, and heat water too. It can be 2:0% more 
efficient than minimum federal standards for air 
conditioning alone. When water heating is: added 
to its, air cooling and heat function, a  SEER 14 
system’s total energy efficiency maybe even 
higher (See Division 16 o f Materials and Product 
Catalogs.)

e) Heat recovery ventilators (also called air-to air 
heat exchangers) use the heat from the warm 
exhaust air (outgoing,) to preheat the. cold fresh 
(incoming) air. Between 50 and 75 percent of 
-the heat in the exhaust air Is recovered. Over a

careful installation and regular maintenance. 
When compared with an exhaust-only ventilation 
system, the additional cost is usually well 
justified.

f) High-efficiency heating systems convert most of 
the energy content of the fuel into useful heat, 
while an inefficient system wastes much of the 
energy stored in the fiiel.

g) Automatic set-hack thermostats which allow 
different day and night temperature settings (or 
even multiple settings for different times of day 
and for weekends), provide substantial savings. 
Setting your thermostat back ten degrees for 
eight hours at night will save about 7% of your 
annual heating costs.

h) Furnaces and boilers are the most common 
central heating systems in the Northeast. Some 
can efficiently provide hot water for domestic 
use as well as heat. Larger systems cost more 
than smaller ones, so by sizing your system 
accurately you can avoid unnecessary initial 
costs as well. Efficiency varies greatly,, with 
some older models converting only about 60% of 
the fuel into useful heat while modem systems 
operate at over 95% efficiency. Sealed 
combustion furnaces are highly recommended 
for safety in a tight house with negative pressure.

i) Solar hot water systems are designed to provide 
between two-thirds and three-quarters of a 
family’s; hot water needs without the associated 
pollution and electrical consumption of 
conventional means. Costs have come down 
considerably since the mid 1980s.

INDIGENOUS BUILDING

Not only earth, but also a  variety of indigenous

33

materials—the plant and minerals native to a. 
pagicular area— can be used to build bio- 
regionally appropriate structures. Using 
indigenous resources minimizes the amount: of 
energy required for building material 
transportation and can. reduce energy cost of 
processing, as well.

b) Using indigenous materials has also 
environmental consequences. Stone and clay 
quarries have very site-specific impacts; the 
large-scale removal of fiber biomass from forest 
and agricultural soils also has a potential 
cumulative Impact upon soil health, biological 
diversity and watersheds. Some indigenous; 
materials are commonly used in conjunction with 
manufactured materials that can be energy or 
resource intensive (Lopez and Browning 1995, 
56),

c) Straw bate. The use o f  this system in 
construction has both long history and positive 
implications for the environment. The bales 
themselves are made of waste straw (with very 
low embodied energy) that would otherwise be 
burned, polluting the air. They are cheap, easy 
for noyices to-use, and have insulation values up 
to R-40. They are stuccoed on the outside and 
plastered on the inside. Bales bum less readily 
than phone books (which hardy bum at all), mice 
can not chew through the plaster (Lopez and

. Browning 11995,57. Building code officials 
generally prefer post-and-beam straw bale 
houses over load bearing structures, since loads 
in the frame system are carried by wood rather 
than straw. However, Arizona and California 
building departments under Uniform Building 
Code provision for experimental structures have 
recently approved both types of straw bale 
construction.

dozen types are commercially available, ranging 
in cost from $300 to $1,200. They require

Comments:
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d) Rammed earth. This system has more than 
doubled its business in recent years. It consists of 
clayey, mineral-laden soils found deeper beneath 
the surface mixed with 3% to 10% cement, 
depending; on the location and water. The earth is 
pounded by hand or mechanical tampers into 
plywood forms that are set: in the foundation of 
the structure to define the length, width and 
height of the walls. Different colored soil and 
gravel can be added for aesthetic effect. Properly- 
constructed rammed-earth homes don’t leak or 
crumble in the rain, A wall system in a “high- 
end” rammed-earth home can cost 30% to 50% 
more than In a conventional wood-fiame house, 
raising the total construction costs by 5% to
15%, Much of the added expense results from 
the labor-intensive process and the extra few 
weeks required to build a set of rammed earth 
walls. Using indigenous material, this system has 
minimum transportation cost and none 
manufacturing energy cost: (Moquin, 1997,41).

e) Adobe Systems* People in the Southwestern 
United States begin to believe that adobe 
construction has to be expensive, because fewer 
builders explore smaller size projects. However, 
small homes are efficient energy-savers (if 
designed properly) and custom craftsmanship 
can be applied to achieve affordable costs 
(Moquin 96-97, 7).

SITE STRUCTURES AND 
FURNITURE

a); Recycled plastic lumber and) plastic wood 
composite lumber provide a durable, weather 
resistant, low maintenance alternative to solid

Comments:

wood for outdoor construction applications such 
as fences, benches, decking, docks, retaining 
walls, picnic tables, and landscape borders.

b) Plastic: lumber can readily substitute for treated 
wood in non-structural due to its weather- insect- 
resistant nature. It is rot and corrosion proof and 
will not crack, splinter or chip. It has a long life 
expectancy in exposed, sub-grade or marine: 
applications and does not leach chemicals into 
ground or surface water or soil as treated wood 
can. It resists vandalism and does not require 
painting, It can be nailed, screwed, sanded, glued, 
or turned on in a lath wMx standard woodworking 
tools. Its expansion coefficient: must be 
considered during installation.

e) Walkways. There are recycled rubber and brick 
product options for exterior walkways.

d) There are also soaker hoses made from recycled 
rubber, drainage tubing with recycled PVC, 
drainage aggregate made with recycled. EPS 
beads, and recycled, plastic stepping stones.

e) Pavers. There are also pavers that support 
drainage and grass growth while providing 
support for vehicles. Pavers such as these make it 
possible to provide for necessary parking and 
access in developed areas, while at the same time 
offering green space and a means of aquifer 
recharge and storm water control. Many o f these 
pavers are made from recycled materials.

if) Geotextil Products. There are geotextil products 
with recycled eontent that can aid in soil 
stabilization and retention.
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CHAPTER 2:
PHYSICAL-NATURAL ENVIRONMENT
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SITE SURVEY
Bounding each quarter sections are right-of-ways 
ranging from 75 and 95 feet.In addition, some of 
these quarter divisions contain electric, gas, and 
telephone right-of-ways varying from 10 and 20 feet 
in width. The main electric transmision line right-of- 
way varies from 175 and 200 feet in width. In 
addition, there are a number of private access right- 
of-way within the northeast comer of the 
northernmost quarter section (adjacent to the Pantano 
Wash). There is one material lease covering the 
northeast quarter of the northwest quarter of section 1 
which will expire on April 1, 2000.

Most noticeable on the site the 138 kV electric power 
lines strung on steel towers, running along the 
northern and eastern properties edges, generally 
parallel to the Pantano Wash, and along the Drexel 
Road alignment. Tucson Electric Power has agreed to 
relocate the lines along Drexel Road to the steel 
towers along the Pantano alignment. Provisions will 
have to be made for general trash and debris, as well 
as sand and gravel operations of the Pantano wash 
immediately adjacent site.
(State Land Department et al. 1990, 8).

Site Survey
(Source: State Land Department et. Al. 1990,41)

Comments:
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Soil Analysis
(Source: State Land Department et. al, 44)
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SOIL ANALYSIS
Stream  and A llu v ia l D eposits —Alternative 
structural mitigation methods would include 
constructing basements to get below the loose soil, 
drilled pier and grade beam foundations, 
postensioned or thicker concrete slabs with 
compacted filled mat foundations.
Y oun gest T errace  D eposits —Similar precautions, 
including specific geotechnical investigations prior to 
foundation and road design. U nd ifferen tia ted  
A llu via l d ep osits —Mitigation measures include 
localized excavation and replacement, compacted fill 
on the expansive soils, extended foundations, lime or 
cement stabilization under concrete slabs, and cement 
treated base under cement pavement areas.

The wide permeability will affect any plans for water 
retention/detention. Radon potential is probably 
similar to the average in this area. If necessary, 
standard construction precautions include vapor 
barriers under concrete slabs, or, if unusually, high 
concentration of radon are found, installation of a 
grid system of perforated pipe in a gravel bed under 
the foundations, with suction devices to pull out any 
radon buildup.
(State Land Department et. al. 1990, 8).

Comments:
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TOPOGRAPHY AND 
SLOPES

In general this is a gently sloping plain of 
aproximately 11/2 % or more from south to north, 
with two major terraces, the highest being adjacent to 
Houghton Road and the lowest approximately 30-40 
feet below, adjacent to the Pantano Wash. Overall, 
there is more than 120-foot drop from the highest 
point (2900.5 feet) near the southwest comer of the 
site to the Pantano Wash at the northwest comer 
(2779 feet). Approximately 40 feet of this difference 
is due to the bank along the Pantano Wash.
(State Land Department, et al. 1990, 8).

Slopes Analysis
(State Land Department et. Al. 1990, 42)

Comments:
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PANTANO WASH 100-YU 
FLOODPLAIN LIMITS

LOCAL RUNOFF 100-YR 
FLOODPLAIN LIMITS

SHEET FLOW AREA 

CP -  CONCENTRATION POINT 

CPS -  CUBIC FEET PER SECOND 

CMP -  CORRUGATED METAL PIPE

HYDROLOGY ANALYSIS
Rainfall together with runoff from land to the south 
of the site, ultimately flow into the Pantano wash, 
either directly at the northerly site boundary or 
indirectly farther to the northwest. The majority of 
the site drains from the south to the north. However, 
runoff generated on aproximately 41% of the site, 
when combined with offsite runoff ultimately 
concentrates along Houghton Road. The remainder of 
the site drains directly into the Pantano Wash. 
Consequently, to meet current City of Tucson 
requirements, storm detention should only be 
necessary within that portion of the site that drains 
towards Houghton Road. Detention may, however, be 
a desireable goal in order to enhance existent riparian 
vegetation biomes. Aproximately 23% of the site is 
located within identified floodprone areas. 
Elimination of the sheet-flow area during the 
development process would reduce the aereal extent 
of the natural floodplains to 17% of the total site area. 
However, under this scenario, an additional 34 acres 
must be set aside along the respective washes to 
provide the required erosion buffers. This approach 
would eliminate an additional four percent of the 
project site from development.
(State Land Department et. Al. 1990, 46).

Hydrology Analysis
(Source: State Land Department et. Al. 1990,47)

Comments:
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SEVERELY DISTURBED

FLORA AND FAUNA
Based on dominant vegetation, the area was divided 
into six major plant habitats: P aloverd e-A cacia  
(35.2% site area). Foothillpaloverde and whitethorn 
acacia. Numerous species such as mesquite, Mormon 
tea, desert hackberry, woljberry, and various cacti. 
C reosote-bu sh  (11.8% site area). Other species are 
various cholla, burrobrush, woljberry. bee brush, 
desert zinnia, and ocotillo. C reosoteb u sh -P a loverd e  
(30.9% site area). These two species and mesquite, 
whitethorn acacia, and various cacti. B u rrow eed-  
M ixed  S hrub  (9.6% site area). Low shrubby plants 
with few trees and large shrubs. Other species are 
graythorn, bannana yucca, and desert hackberry, or 
cacti such as prickly pear, jumping cholla, and 
staghorn cholla. R ipparian  A reas (8.7% site area). 
Densest vegetation. Dominant plants are whitethorn 
acacia, mesquite, desert hackberry, woljberry, 
cat claw acacia, burrobrush and desert broom. 
Severely  D isturbed  A rea (3.7% site area). 
Completely clear of vegetation. Sahuaro densities on 
the property are low. Wildlife is expected to be 
typical of the region: desert tortoise (Candidate 
USFWS), bats (Candidate USFWS), deer and 
javelina in low densities.
(State Land Department et. Al. 1990, 8).

Vegetation Analysis
______________  (Source: Sate Land Department et. Al. 1990, 52)

Comments:
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Landscape Character
(Source: State Land Department et. Al. 1990, 58)
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LANDSCAPE CHARACTER

Certain areas on the site consiste of a Paloverde- 
Acacia plant community which is characterized by 
large mature foothills Palaverdes spaced at distances 
from 50 to 150 feet. When standing in the middle of 
the views past the immediate foreground (50-150) are 
limited. There is a distinct sense of enclosure created 
by the trees. This quality is important not only for 
buffering and screening of proposed adjacent land 
uses, but also imparts a sense of character and place 
that can be preserved with careful site planning.
(State Land Department, et al. 1990, 8).

Comments:
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Microclimate Analysis.
(Source: State Land Department et. Al. 1990, 60)

COOL AND WARM SLOPES
There are areas of the site that have distinctive slope 
and aspect relationships such that they may tend to 
receive more or less of daily solar radiation. Slopes 
greater than 10% which orient to the west, east, 
southwest, south or southeast tend to be warmer than 
the areas with less slope and more northerly 
orientation.

Northeast, north and northwest facing slopes greater 
than 10% are relatively cooler than other areas of the 
site. The slopes that define the riparian areas were not 
identified in this analysis due to dense vegetation and 
wide variability in the slope and aspect along a given 
wash channel.
(State Land Department, et al. 1990, 60).

Comments:
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AIR MOVEMENT
_______________________________________ 43

Under certain climatic conditions such as stable 
atmospheric pressure, at night, with no solar heating 
of the atmosphere, one could expect cool air 
drainage, heading northwest, to dominate the site 
during the evening and early morning hours 
throughout the year. Late afternoon and early evening 
air movement would essentially be air movement in 
the opposite direction (i.e. moving upstream). The 
higher knolls and ridges on the site could be expected 
to be generally warmer year round under the above 
described weather conditions. The small washes 
southeast of the Pantano, which drain across the site 
provide more or less local air drainage. The east half 
of the site would be expected to be cooler at night 
from the influence of the larger wash which passes 
through it as well as cool air draining along the 
Pantano. The air movement during mid to late 
summer storm events is not predictable. Winter 
storms from October through March generally create 
a sustained wind-flow direction from northwest to the 
southeast as the storm approaches, with more of a 
cold westerly wind following the storm front as high- 
pressure conditions reestablish themselves.
(State Land Department, et al. 1990, 59).

Air Movement
____ (Source: State Land Department et. AI. 1990, 60)

Comments:
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Visual Analysis
fSource: Civano Master Plan)

VISUAL ANALYSIS
The west half zone is a broad, gently sloping ridge, 
subtly prominent to other broad ridges which slope to 
the Pantano. The east half, which is lower in 
elevation than the west half, is isolated from views 
from Houghton Road, but is viewed extensively from 
the bluffs at the center of the site. Views are generally 
dominated by offsite views of the Santa Catalina 
Mountains to the north, and the Rincon Mountains 
and Sahuaro National Monument to the east.

Significant offsite viewpoints were identified along 
the Tanque Verde Ridge in the Sahuaro National 
Monument. From the west end of Tanque Verde 
Ridge Trail, most of the upland area of the project 
site is visible. Highly reflective colors, such as white 
roofs and aluminized reflective surfaces, could 
negatively affect this view point.

The bench area on the north side of the Pantano also 
views the upland portions of the site. These views are 
low-level views, and can be mitigated if care is taken 
in selecting groups of trees to be preserved on site. 
(State Land Department, et al. 1990, 53).

Comments:
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NEIGHBORHOOD PHASE 3 
AND EXISTING DESIGN

_______________________ 45

Existing Design and Neighborhood Phase 3 Site

Comments:
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Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T manimum 65 69 74 82 90 100 100 98 95 86 74 66
T minimum 36 39 43 48 56 65 73 72 66 54 43 37

Average range 31 30 31 34 34 35 27 26 29 32 31 29
Time S Values

J N D F M» S O 2 Hourly Temperature = T mir imum + ( S x Range
Ap Au My Jn 31

1 00 AM 0.13 0.13 40 43 47 54 60 69 76 76 70 58 47 41
0 17 0 12

3:00 AM 0 07 0 0 6 38 41 45 51 59 68 75 75 68 56 45 39
0.1 0 0 8

5:00 AM 0.04 0 37 39 43 48 56 65 73 72 66 54 44 43
0 0

7:00 AM 0 0 0 7 36 41 45 51 65 74 80 7S 68 56 43 37
0.1 0 26

9:00 AM 0 16 0 38 41 50 55 65 76 86 89 85 77 66 48 42
0 4 9 0 6

##### 0 55 0 68 60 59 64 74 84 94 95 92 86 76 60 63
0.77 0 82

1 00 PM 0 83 0 89 62 66 71 80 88 98 98 97 92 82 69 61
0 9 5 093

3 00 PM 1 1 67 69 74 82 90 100 100 98 95 86 74 66
1 1

5 00 PM 0 6 9 0 91 57 66 71 80 89 99 99 90 92 83 64 57
0 94 0 9 6

7:00 PM 0 3 8 0 6 2 58 58 62 72 82 91 93 82 84 74 55 48
071 0 75

9 00 PM 0 25 0 32 44 49 53 62 69 78 83 79 75 64 51 44
0 41 0 37

0 19 0 2 42 49 57 63 73 79 77 72 49 43
0.27 0 2 2

Comments:

♦  -  Historical 
M aximum

■  — Historical 
M inimum

A—  Average

X  — Average 
M aximum

#  —  Average 
M inim um

TEMPERATURES

Historical Monthly Temperatures for Tucson range 
from an absolute low of 22°F in February to an 
absolute high of 110°F in June. Average temperatures 
range between 38°F and 66°F December through 
February and between 79°F and 96° June through 
August. It should be noted that the past three years 
have been consecutively the warmest on record. In 
1989, there were 93 days when temperatures reached 
or exceeded 100°F about the normal of 47.
(State Land Department et al. 1990, 7).
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700

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

HEATING-COOLING 
DEGREE DAYS

More energy is required for cooling than for 
heating because of the larger number of cooling- 
degree days.
(State Land Department et al. 1990, Al).

♦  -  D eg. Day 
H e a tin g

M D eg. Day 
C o o lin g

AM . P.M. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6 Alt. 6 10 12 11 7

Azm. 10 107 no 108 101

7 5 Alt. 1 7 13 19 23 24 23 19 13 7 2

Azm. 65 74 82 92 100 103 101 93 82 73 65

8 4 Alt. 13 19 25 31 35 37 36 32 25 19 13 10

Azm. 57 64 73 84 93 97 94 85 73 64 57 54

9 3 Alt. 23 29 37 44 48 50 48 44 37 30 23 20

Azm. 46 53 62 74 85 89 86 75 62 53 46 44

10 2 Alt. 31 39 47 56 61 62 61 56 47 39 31 28

Azm. 33 39 48 60 73 80 74 61 48 39 33 31

11 1 Alt. 36 45 55 65 72 74 72 66 55 45 36 33

Azm. 18 21 27 38 52 61 53 38 27 21 18 16

12 Alt. 38 47 58 70 78 82 79 70 58 48 38 35

Azm. 0 0 0 0 0 0 0 0 0 0 0 0

SOLAR ANGLES
Tucson is located at 32° V north latitude. 

Solar angles calculated at 32° of latitude north could 
be assumed for solar orientation at schematic design 
phase, Computer energy simulations will determine 
later the best solar orientation alternative.
(State Land Department et al. 1990, A 5).
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SOLAR RADIATION
Tucson is characterized by high solar 

radiation with midday solar flux densities of about 
350 kBTUs/square foot (1 kW/square meter). Cloud 
cover is sparsest during April through June, and 
October, ranging from 12% to 17% during those 
months, and most intense during July and August, 
ranging from 35% to 39% due primarily to late 
afternoon thunderstorm activity.
(State Land Department et al. 1990, 8).

CLOUD COVER
Increased cloud cover in July August and 

September, (2.3 to 2.9 tenths) diminishes irradiance. 
Cloud cover ranges from 2.3 to 2.7 tenths during the 
heating season .
(State Land Department et al. 1990, A 6).

Comments:
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Feb Mar Apr May Jun Jul Aug Sep Oct Nov

WET BULB TEMPERATURE
The high wet bulb and dry wet bulb 

temperatures of August indicate that the outside air 
temperatures would remain relatively high for a much 
longer period of time, extending into early morning. 
The comparison of the average minimum temperature 
for August versus those for June, when the wet bulb 
are low, illustrates this point.
(State Land Department et al. 1990, 8).

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

MONTH

AVERAGE MONTHLY 
RAINFALL

Average humidity ranges between 11 % and 
42% from April through June and between 25% and 
65% during the remainder of the year. The average 
annual rainfall at the Tucson Airport is 11.2 inches. 
Over half of this amount usually falls from July 
through September. April through June are the driest 
months (State Land Department et al. 1990, A 6).

Comments:
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Jan Feb Mar Apr M ay Jun Jul A u g S ep O ct N o v D ec

Jar Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6 6 6 6 5 6 6 6 6 6 7 6

12:00 AM V V > > A V V A V V > V
6 6 6 6 5 5 6 6 6 6 7 6

3:00 AM V V V V V V V V V > > >
6 6 6 6 6 6 6 6 6 6 7 6

6:00 AM V V V V > V V V V V
6 7 7 6 5 4 4 5 6 8 8 7

9:00 AM V V V V V V V > V V V V
7 8 9 9 9 8 6 6 7 8 9 8

12:00 AM V A A A <? A A V V V > >
9 9 11 11 II 11 9 8 9 9 9 8

3:00 PM Y I> A A V V A A l> l> V A

6 7 9 11 11 11 10 9 8 7 6 6

6:00 PM < A KJ A Y V <7 !> Y "7 <1 A
5 6 6 6 6 7 7 7 6 6 6 6

9:00 PM V A I > I > l> l> V < 1> A i> i>

WIND SPEED MONTHLY
At Tucson airport, surface winds are usually from 
southeast between midnight and noon. Generally, 
winds shift direction as the air mass warms and rises. 
From noon to midnight winds are from the northwest. 
The convective up-valley winds are slightly stronger 
than the nighttime down-valley winds, especially 
from March through June.
(State Land Department et al. 1990, A7).

WIND SPEED THREE- 
HOURLY
Average wind speeds vary between 6.4 knots (7.4 
mph) in February to 8.8 knots (10.1 mph) in May, 
with an annual average of 7.6 knots (8.7 mph). 
(State Land Department et al. 1990, 9).

Comments:
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BIOCLIMATIC CHART
Potential passive solar heating and cooling for small 
building are as follows:

Heating 1 (Dec, Jan, Feb): Passive solar and some 
auxiliary.
Heating 2 (Nov, March): Passive solar only.
Swing (Apr, May, Sep, Oct.): Passive solar heat, 
thermal mass/natural vent/evap. Cooling.
Cooling (Jun, Jul, Aug.):Evap/natural vent/thermal 
mass cool/may need AC in Jul-Aug.
(State Land Department, et al. 1990, A7).

a) Set the thermostat temperature in winter — 15- 
18°C (60-65°F).

b) In summer set the air conditioning controls a 
little higher —21-24aC (70-75°).

c) Zone rooms so that some are warmer and some 
cooler.

Comments:
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The first built images of the Southwestern region are those of the ancestral cultures who inhabited the 

southern part of Arizona and New Mexico since 500 BC There are no excavated structures of these settlements in 

the urban area of Tucson today. However, they were source of later revival styles that shaped its built 

environment. Their organization provided identity through social-religious meanings: radial organization of rooms 

with almost uniform size with the great kiva in the center allowing inhabitants to have a precise community life. 

They are also significant because they represent the first examples of climatically appropriate structures in the 

region.

Three existing growth patterns are identified in Tucson. They are found in the Districts of El Presidio, 

Colonia Solaria and El Encanto, and the rest in the whole city. The oldest development pattern found in Tucson is 

located at “ El Presidio Historical District. " It was set by the Spanish conquers according to the “Zaw o f  the 

Indies” created in 1573. The plazas were characteristic elements that maintained the community life. They offered 

meaning and identity by containing the church and government buildings, which helped inhabitants to take their 

position in life. The irregular trace of the streets allowed fair variety of paths and landmarks creating an imageable 

structure with high legibility.

El Encanto and Colonia Solana subdivisions belong to the romantic planning American style period. 

They show the urban and natural juxtaposition instituted by Social Idealism of Thoreau and Olmstead. El Encanto 

District is an example of the garden dormitory described by Choay. It is a plan with no other forms of human 

activity represented, “misinterpretation of Howard’s Garden City”, a refuge from the alienation of the big city 

(Choay 1969, 107). Its radial organization with clear bounded no natural limits have converted it today into a 

defensive system that makes it a clear example to illustrate the problems of isolation and separation. After all, El 

Encanto still offers the social advantages of the city and the healthy conditions of rural areas —landscaped lots, 

large lawns, a central garden, and native vegetation. Colonia Solana possesses a great ecological approach. It is 

characterized by curvilinear street design suggested by the contours of the site that the natural drainage oi Arroyo 

Chico wash originated.

The rest of the city continues the checkerboard grid: divisions of rectangular lots of equal size, served by 

a system of wide streets in rectangular pattern. The fact that Tucson was the largest settlement between San 

Antonio and Los Angeles stimulated the interest of land speculators in 1872: “In order to facilitate the sale and 

transfer of land, the undeveloped areas immediately surrounding the town were surveyed” (City of Tucson 1971, 

16). Furthermore, this grid started the city’s design system for the automobile.

_______ Several styles of architecture appeared in Tucson along its history. By 1797, the second San Xavier del
Case Study on Sustainable Dwellings Design in Tucson, Arizona

BUILT IMAGE

PuebloBonito 8lh through 12* century. 800 
inhabitants (1200 later) on five floors.

Spanish Colonial development pattern o f Tucson in 
1862, based in the Law o f the Indies.
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Standard Subdivision: “Typical subdivision planning 
included rectilinear streets laid out with an emphasis on 
economic efficiency rather than aesthetic appeal” (City o f  
Tucson, et al. 1994,4).
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Bac mission was completed starting the Spanish-Mexican styles. Its Spanish Colonial style of religious character 

was adapted later to residential architecture taking the name of Mission. Hereafter, Carpenter divides the history 

of Tucson’s architecture into two phases according to their primary cultural influences: The Spanish-Mexican, and 

\hz Anglo-American (Carpenter et. al 1979, 1). There is a transition period between them, showing a fusion of 

both cultures, and their technologies.

The most prolific Spanish-Mexican style is known as Sonoran. This style featured very simple forms and 

regional materials in response to the desert environment. Hence, “this phase has been referred to as the true desert 

response climatically, and consequently as [the] architectural form synonymous with Tucson” (Carpenter 1979,

1). The Anglo-American style imported materials and encountered the “American Mainstream of Life”. A whole 

variety of academic revival styles surged as an art form, not utilitarian. Notwithstanding, people continued 

demanding regional-original expression, and Mission, Pueblo, and Spanish Colonial styles stayed as revivals too.

Later, the Craftsman styles appeared with a few different contributions. They broke formality and 

pretentiousness, and used common materials and simple design, integrating house and landscape (Bungalow 

Styles). They also enhanced the use of verandas and living porches; elements that responded to climatic and social 

interaction (Prairie and Stick Styles). By the late 1920’s, the Modern went so far from the previous styles placing 

the footprint of technology. Tucson was part of the world’s machine age with Modern Styles. Joesler and other 

architects in the Southwest interpreted these styles with the regional windowless, multistoried massing of Pueblo 

(City of Tucson, et al. 1994, 27). After the Second World War, the catalog of materials expanded artificially, 

displaying great variety of textures and colors. Commercial architecture culminated with today’s glass envelopes. 

At the same time, the Contemporary Ranch style, with the automobile as the first element on facades, became the 

most prolific trend for residential architecture.

People of varying belief systems and backgrounds have created the built image of Tucson. Whether in 

their original or revival character, they are still present today evoking images in Tucson’s inhabitants. They have 

values that once understood, can be calculated to create a responsive imageable structure. The following review 

intends to help designers to conceive these values —colors, materials, and forms (Baudrillard 1963, 31)— that 

make a functional system in the structure o f  environment.

“Colonia Solatia ” “El Encanto ”
“Growing competition for new home buyers spurred the 

creation o f  innovative subdivisions, such as the prestigious 
1928 enclave of Colonia Solana." At El Encanto Subdivision 
“Planners and developers found curvilinear street patterns, 
[Southwestern architecture], and landscaped lots to be 
excellent marketing tools” (City o f  Tucson et al. 1994,4). 
(City o f  Tucson et. al 1994,4).

ANASAZI

MEXICAN-
SPANISH

TRANSITIONAL

ANGLO-
AMERICAN

ACADEMIC-
REGIONAL
REVIVALS

CRAFTMAN

MODERN 
[POST-MODERNS

jCONTEMPORARY 
RANCH
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Colors:

Materials:

Forms:

Montezuma Castle, National Monument.
Photo: Arizona Historical Society

PUEBLO VERNACULAR
From 500 BC. Through?

Features:
a) High-mass walls
b) Building set in south-facing caves for passive 

solar gain in winter but block heat gain in the 
summer.

c) Totally local materials.
d) Early buildings comprised of pit houses, later, 

apartment-like above ground homes, expanded 
into large, two-storied complexes.

e) Include a Great Kiva used for communal 
religious and social activities.

(Source: Adapted from University o f  Arizona 1979,6).

Comments:
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Color:

Material:

Form:

Sonoran houses at the Historic Barrio. 
Photo: Arizona Historical Society

SONORAN VERNACULAR
1650-1850

Features:
a) Heavy flat mud roof.
b) High parapet roofs with projecting draw pipes.
c) Flush fronted facades set at front property line.
d) Stucco or left exposed facade.
e) Stone foundations.
f) Round wood beams and dimensioned lumber for 

both beams and roof decks later.
g) Sahuaro-ribs roof decks (cloth ceilings)
h) Horizontal mass.
i) Doorways generally recessed.
j) Window openings limited to bottom half of 

exterior wall surface.
k) Stone facing at wall base.
(Source: University of Arizona 1979, 7)

Comments:
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Color:

Materials:

Forms:
Early Transitional Spanish-Mexican to Anglo 

American style.
Photo: Arizona Historical Society

TRANSITIONAL
VERNACULAR
1 8 6 3 -1 9 1 2

Features:
a) Sonoran siting and materials.
b) Anglo architectural concepts and materials.
c) Flush fronted facade.
d) Early, facades located at front of property line. 

Late, buildings located at center of lot.
e) Dimensioned lumber at sloped hip or gable roof. 
0  Beginning of wood detailing on porch, and on

bay windows.
g) Absences of projecting drain pipes and parapet 

cap below roof.
(Source: University of Arizona 1979, 8)

Comments:
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Color:

Materials:

Forms:

ANGLO TERRITORIAL
1 8 8 0 - 1 9 1 2

Features:
a) Front side and backyard. Buildings located at 

center of lots
b) Brick wall construction
c) Arched openings
d) Frame construction techniques
e) Irregular plan forms
f) Wood detail
g) Porch attached- incorporated under roof
h) Variety of timber-roof structures, hip or gable or 

combination of both
i) Ridge gable vents and brick chimneys
j) Wood shingle roof surfaces
k) Prefabricated components imported.
l) No adequate response to landscape or to existing 

climatic conditions.
(Source: University o f Arizona 1979, 8)

Comments:
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Old Main Building at the University o f Arizona. 
Source: Arizona Historical Society

QUEEN ANN REVIVAL
1880-1910

Features:
a) Front side and back yard Buildings located at 

center of lots
b) Rich and exuberant texture, color, forms and 

massing.
c) Brick and stone on first floor.
d) Wood shingles and clapboard on upper level.
e) Round towers, octagonal turrets.
f) Detailed bay windows.
g) Small scale detailing and chimneys used as 

decorative panels on exterior of houses.
(Source: University o f Arizona 1979, 8)

Color: Materials:

Forms:

Comments:

Master’s Report: Case Study on Sustainable Dwellings Design in Tucson, Arizona



Chapter 1: Imageable Structure: Built Image 60

Colors:

Materials:

Forms:
Mines and Engineering Building at the University o f 

Arizona
Photo: Arizona Historical Society

GREEK REVIVAL
1830 through 1890

Features:
a) Portico across the front and a roof ridge running 

from front to back
b) Low pitch or flat roofs, no balustrade
c) Pedimented gables, and heavy cornices with 

unadorned friezes
d) Windows and doors are trabeated (post and lintel 

principle)
e) No arch forms
f) Common ornaments are the anterion 

(honeysuckle flower and leaf)
g) Bold simple moldings on both exterior and 

interior
h) Columns and pilasters displaying three popular 

orders: Doric, Ionic and Corinthian
i) Few building examples around Tucson.
(Source: University of Arizona 1979, 8)

Comments:
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Color:

Materials:

Forms: First Grace Episcopal Church, 1889. 
Photo: Arizona Historical Society

MEDIEVAL REVIVALS
1840-1890

Features:
a) Three distinct categories: Early Gothic, Medieval 

Cottage, and High Victorian.
b) Materials used stone masonry, brick 

(multicolored also), wood leaded, stained glass, 
stucco, and iron.

c) Building forms have pointed arches, battlements, 
towers, turrets, massive chimneys, lancet 
windows, steeped and multiple gabled roofs, 
half-timbering, arched windows.

d) Emphasis on verticality and picturesque 
asymmetrical silhouettes.

e) Building types large public buildings and 
religious structures.

(Source: University of Arizona 1979, 8)

Comments:
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BEAUX ARTS REVIVAL
After 1880 until 1912

62

Materials:

Forms:

The city’s commercial hub: The Consolidated 
National Bank, 1903.

Photo: Arizona Historical Society

F eatures:
a) Characterized by an appreciation of art and 

sculpture.
b) Symmetry, composition, rhythm and proportion.
c) Display of decorative columns, sculptural figures 

and grand entrance interiors, which reflect the 
exterior granduer.

d) Multiplicity of ornamental surfaces, primarily of 
stone.

e) Few examples in Tucson, some of which 
represent the period by isolated use of 
architectural features such as materials and 
ornamentation or column grouping and 
symmetry.

(Source: University of Arizona 1979, 8)

Comments:
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Colors:

Materials:

Forms:
The Carnegie Free Library by Henry Trost, 1900. 

Photo: Arizona Historical Society

NEOCLASSICAL REVIVAL
After 1880 through 1920

Features:
a) Visually close to Beaux-Arts Classicism, but 

more simplified and subtle.
b) Simple facades of unbroken walls.
c) Very little use of sculpture where Greek order is 

preferred over Roman.
d) Window openings usually linteled rather than 

arched.
e) Pedimented porticos.
f) Materials used include brick, concrete, glass. 

Ornamented surfaces are commonly of stone.
g) This stylistic type can be recognized in the 

Tucson area.
(Source: University o f Arizona 1979, 9)

Comments:
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Colors:

Materials:

Forms:

The Consolidated National Bank built by T. N. 
McCauley in 1929.

Photo: Arizona Historical Society

SULLIVANESQUE ACADEMIC
1890 through 1920’s

Features:
a) Simple buildings, clear-cut forms with flat roofs 

over boldly ornamented projecting cornices.
b) Arched doorways and plaster of terra cotta relief 

ornament appear usually on or over doorways 
and cornices.

c) Naturalistic and stylized foliage with many 
systems of linear interlaces and other repetitive 
motifs

d) Symmetrical ornamentation.
e) Design’s underlying geometry is firm and an 

attempt is made to infuse naturalistic and abstract 
forms

f) Combines other building styles to accent and 
highlight detailed architectural work.

(Source: University of Arizona 1979, 8)

Comments:
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Colors:

Materials:

Forms:

Saint Philips’s in the Hills Episcopal Church and 
Park, by J. Joesler, 1936.

Photo: Murphey Investment Trust

MISSION REVIVAL
1880 Through 1920.

Features:
a) Arches are one of the most general features of 

the style (they are usually semi-circular).
b) Arches are characteristically free of moldings.
c) Roofs are most often tiled, low in pitch and 

either hipped or stopped at the ends against 
shaped gables of curvilinear outline

d) Occasionally the roof may be entirely hidden by 
a parapet.

e) Distinguished by the complete absence of 
sculptural ornament.

f) Balconies are frequent
g) Turrets or towers capped by domes of pyramidal 

roofs are also common.
(Source: University o f Arizona 1979, 8)

Comments:
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PUEBLO REVIVAL
1890 to present.

66

Materials:

Forms:

Window, St. Michael’s and All Angels Episcopal 
Church, 1953.

Photo: Richard G. Brittain.

Features:
a) Massive looking
b) No arches, similar to Mission but without 

ornamentation.
c) Heavy protruding, heavy timber roof 

beams(vigas) or rain gutters(canales)
d) Always flat- roofed, the cube shaped buildings 

are often stepped back on the upper levels as in 
the traditional Indian Pueblos.

e) Battered walls and usually plastered, with deeply 
revealed openings for doors and windows and 
with irregular, rounded parapets which helps 
soften the overall form.

(Source: University of Arizona 1979, 8)

Comments:
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Colors:

Materials:

Forms:

Residence in Catalina's Foothills, by the Western 
American Mortgage Co.

Photo: Arizona Historical Society.

SPANISH COLONIAL REVIVAL
1880 through 1945

Features:
a) Red tile roofs; if flat, may have tile parapets.
b) Arches are frequent features.
c) Plastered walls, a variety of textures.
d) Plaster ornamentation concentrated around 

openings.
e) Portales (principal entry ways) are of post and 

lintel type, or they can be arcaded, and can 
spring from columns and piers.

f) Balconies with wrought iron and wood.
g) Two story buildings, and if they have patio, it is 

rarely enclosed.
h) Favorite feature is a pergola, a structure of piers 

carrying beams and trelliswork for climbing 
plants.

(Source: University o f Arizona 1979, 8)

Comments:
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Colors:

Materials:

Forms:

Bungalow at Arizona Ave. and 5th Street. 
Photo: Mauricio Sanchez

CRAFTSMAN BUNGALOW
1900 through 1940

Features:
a) Single story houses, usually thatched or tiled and 

surrounded by a veranda.
b) Led to the adoption of the “living room” and 

“outdoor/indoor living space.”
c) Climatic adaptation and harmony with the 

landscapes.
d) Craftsman in spirit with heavy timbers, upturned 

eaves, stucco walls and arches.
e) Full-width porch types.
f) Resting the portico upon a wooden beam span, 

supported by two concrete or brick columns or 
pillars.

g) Constructed of brick, but covered with adobe or 
stucco plaster

h) Popular style, inexpensive middle class.
(Source: University o f Arizona 1979, 9)

Comments:
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Colors:

Materials:

Forms: Stick Style
Photo: Arizona Historical Society

STICK AND WESTERN 
STICK CRAFTMAN STYLES
1840 through 1890’s

Features:
a) Boards and shingles contained within vertical 

panels framed by wood strips that extend from 
the foundation to the rafters.

b) High steep roofs, verticality, asymmetric 
composition and angled form.

c) Diagonal members also used to symbolize or 
suggest the unseen structural frame.

d) Verandas and “American living porches.”
e) “Western Stick Style” combined the Stick 

materials and details with the ranch house of the 
southwest.

f) Common materials on Western Stick are brick or 
wood, glass, tile or shingles, stucco surfaces 
without display of ornamentation.

(Source: University of Arizona 1979, 9)

Comments:
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Colors:

Materials:

Forms:
The University o f Arizona’s Student Union building,

1948.
Source: Arizona Historical Society

PRAIRIE CRAFTSMAN
1900 through 1918

Features:
a) Low profile single or composite massing, with 

clear, precise and angular building forms
b) Horizontally dominant, planar facade,
c) Banding of windows, broken into patterned 

panes of glass rather than larger sheets.
d) Featuring corner windows also as well as 

projecting porches and side entrance openings.
e) Long hipped or gabled roof houses planned 

around a utility core, often a centralized massive 
fireplace.

f) Brick or wood, glass, stucco materials, and 
applied plaster ornamentation.

(Source: University o f Arizona 1979, 9)

Comments:
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Colors:

Materials:

Forms: The Arizona Trust Company permanent home, 1937. 
Source: Arizona Historical Society

ART DECO
Late 1920’s

Features:
a) Strove to express the machine age
b) Low relief ornamentation, geometric designs and 

parallel straight lines.
c) Featuring zigzags, chevrons, stylized floral 

motif, fluting and reeding designs.
d) Materials characterized by concrete, smooth

faced stone and metal accents, polychromy with 
vivid colors, terra cotta, glass colored mirrors.

e) Simple and streamlined, and vertically stressed 
building forms.

f) Structural piers with no ornament.
(Source: University o f Arizona 1979, 9)

Comments:
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Colors:

Materials:

Forms:

Johnson residence, by Joesler/Murphy Architects. 
Photo: Joesler/Murphy Survey Team.

REGIONAL MODERN
Late 1920’s through 1940

Features:
a) Color and texture regional.
b) Adaptation of “International style” to region.
c) Front side and back yard Buildings.
d) Building set at center of lot.
e) Lack of ornamentation.
f) Large sections of white windowless walls.
g) Horizontal ribbons of windows.
h) Houses aspired to be efficient, affordable, and 

contemporary.
(Source: University o f Arizona 1979, 9)

Comments:
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Colors:

Materials:

Forms:

POST-MODERN
Late 1940’s

Features:
a) Sophisticated forms.
b) Glass envelope and hidden structure.
c) Stainless steel and aluminum cladding of 

envelope.
d) Open floors supported by steel or concrete 

columns.
e) Everywhere aspect, no context 

consideration.(international style projection)
(Source: University o f Arizona 1979, 10)

Comments:
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Colors:

Materials:

Forms:

Fraternity House at University o f Arizona, by Joesler 
& Murphey, 1949.
Photo: Steve Haines.

CONTEMPORARY RANCH
Late 1940’s through 1997.

Features:
a) Long, low houses with slightly pitched roofs.
b) Large picture windows.
c) Visible garage, distinctly automobile oriented 

subdivisions layout.
d) Eclectic mix of contemporary ranch.
e) Large landscaped lots.
(Source: University o f Arizona 1979, 10)

Comments:
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Colors:

Materials:

Forms:

Pueblo Revival, 1997.
Photo: The Real State Book.

Spanish Colonial Revival, 1997. 
Photo: The Real State Book.

Contemporary Ranch, 1997. 
Photo: The Real State Book.

1997 REAL ESTATE 
SAMPLES

Features:
a) 28 from 30 samples are Pueblo and Spanish 

Colonial Revivals, and 2 from 30 samples are 
Contemporary Ranch Style.

b) Some energy conservation building components; 
but mainly, visual language spoken.

(Source: University o f Arizona 1979, 10)

Comments:
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“It is that man, in addition to his spiritual identity, is part of nature. He is a biological organism, subject 

like all other creatures to the laws of nature” (Jackson 1970, 78).

Perceiving the images of the natural environment recoups for Tucson inhabitants the natural life. The 

clear open sky, abundant sunshine, mountains, dry riverbeds, washes, cacti or drought-adapted vegetation, and 

alluvial soils of the Sonoran desert, are the elements that make the natural image of Tucson. And the low average 

humidity, hot summers, high solar radiation, and mild winters with cool evenings make the atmosphere in which 

Tucson's inhabitants perceive these nature images.

Mountains are the most significant elements of nature constantly in visual contact for inhabitants in 

Tucson. The Santa Catalina Mountains on the north side of the city constitute the most important landmark of 

Tucson. The mountain range is almost triangular in shape. Mount Lemmon is the highest point of it with over 9100 

feet. Its sharp uplifted peak on the center of the range is the dominant feature of the whole setting of Tucson. The 

rock of these mountains is mostly granite and gneiss.

On the west, the Tucson Mountains are also another important landmark of the city. Mountain “A” is 

desacralized nature, providing orientation when approaching the city from either the north or the south. Rincon 

Mountains make natures’ presence outstanding on the background of the city paths going east. Santa Rita 

Mountains on the south close the mountain ranges around the valley. The soil of Tucson consists of materials 

eroded from these four sets of mountains, with a deep layer of alluvial deposits that form the gentle slope of the 

valley.

The water bed of the Santa Cruz River extends along the foothills of the Tucson Mountains on the west, 

and the waterbed of the Rillito Creek extends along the Santa Catalina foothills on the north. The rivers are usually 

dry, except during the rainy season, when they are fed by the washes drawn across the valley.

In spite of the extreme conditions, the Sonoran desert is full of life. The greatest diversity of habitats is on 

the front range of the mountains, where the desert base is occupied by a dense forest of Sahuaro, mixed cacti, and 

Palo Verde. Mesquite is the most common desert tree. Creosote is the most widespread of all North American 

desert plants —only tall trees awkward along dry washes break its monotony.

The extravagant beauty of the sahuaro made it the supreme symbol of the American Southwest. Its 

flowers bloom and color the desert in late April, May and June. Blossoms open in the cool of the night a few hours

NATURE IMAGE
“The subjective relationship to the environment —how 
it affects our senses— is the one we know the least 
about."

J. B. Jackson

"... But he who is not true himself will not see the truth 
as it is taught by nature, and it is far easy to study a 
number of books and to learn by heart a number o f 
scientific theories than to ennoble one ‘s own character 
to such an extent as to enter into perfect harmony with 
nature and to be able to see the truth... ”

Frank Lloyd Wright

Sta Catalina M

Tucson s nature elements. 
Source: City o f  Tucson
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after the sunset. By the next afternoon, flowers have wilted and the brief period of bloom ended. In June and July, 

fruits ripen. Sahuaro's fruit has as many as 2000 seeds each. Out of all the seeds it produces in its life, few will 

survive to adulthood. The plant is vulnerable during every stage of its life. Natural forces, vandalism and cactus 

rustling —the theft of the plant for use in landscaping— are causes of its decline in the areas next to the city.

There are more than 50 types of cacti plants in the Sonoran Desert. The most common are Hedgehog, 

Barrel Cactus, Fishhook Cactus, Teddybear Cholla, and Prickly Pear. These plants are adapted to extreme heat 

and drought in different ways: the Ocotillo sprouts leaves within days after a rainstorm only to drop them as 

moisture disappears; the Palo Verde has small moisture-saving leaves, etc. They comprise a broad catalog of 

colors and forms.

The beauty of sacred nature represents the greatest image of Tucson. Nature has timeless style, and 

harmonic structure. Hence, natural environments possess great values in their structure. They are a great example 

to be followed.

Reading patterning from nature would not be the intention of this work. Generally speaking, it could be 

said that its subjectivity makes it distant from the understanding of our societies intellectuality. However, natural 

patterning might gradually become part of the imageable structure of a future human’s order. Enhancing 

knowledge of ecological principles has helped making design considerations to integrate built and natural 

environments today. Pearson’s concept of “the third skin” has integrated the value of indigenous —raw, natural— 

materials into a new environmental structure. Now, natural elements could be focal points that generate the urban 

fabric, or real landmarks. Colors found in nature should be considered the basis of the catalog to create contrast 

between architectural objects and the natural environment. The idea here should be to create a harmonic imageable 

structure by combining the natural environment values in order to enhance well being and preserve the beauty of 

the natural setting.

Downtown Tucson and Mountain “A ” above. 
Photo: City o f  Tucson

Built Environment and Rincon Mountains on the back. 
Photo: Mauricio Sanchez-Gonzalez

Sahuaro blossoms.
Photo: Tucson’s Visitor Center
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MESQUITE
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PALOVEKDE
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Color:
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Form:

TEDDYBEAR CHOLLA

Photo: Ansel Adams

MEXICAN POPPIES
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1,200,000

1,000,000 □ 1,000,1000 “ CITY OF 
TUSON

□  ‘“ PIMA 
COUNTY

□ 826,931800,000

□ 666,880
600,000

□ 531,443
482,372a- 400,000

405,390
330,537

200,000

YEAR

POPULATIONS AND 
PROJECTIONS:

As other jurisdictions and areas of the 
county also experience population increases, the City 
could become an increasingly smaller proportion of 
the total regional population. Tucson’s population 
grew by 23% in the past decade, moving from the 
45th largest city in the United States to the 33rd 
largest in 1990.
Source: The United States Census Bureau.

White

Hispanic

Black

Native American

ETHNICITY:

Tucson is becoming more culturally diverse, 
with minorities an increasing proportion of its 
population —37% in 1990, compared with 24% for 
the nation. Newcomers arrive daily bringing a 
diversity of traditions, lifestyles and beliefs.
Source: The United States Census Bureau.
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□  Females 

■  M ales

THOUSANDS

AGE SEX PYRAMID

CITY OF TUCSON: The median age of Tucson in 
1990 was 30.6 years, up from 29.4 in 1980, and 
below the national average of 32.9. In 2000, the 
median age for the United States is expected to be 36. 
The influence of the University of Arizona and the 
Davis-Monthan Air Force Base is reflected in the 
high numbers of male’s aged 20-39 in Tucson.
(City o f Tucson 1992, 10).
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THOUSANDS
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□  Females 

■  M ales

PIMA COUNTY: The average age of Tucson’s 
population continues to increase as the baby boomers 
grow older and more retirees are attracted to our 
community. More male children are bom, but women 
outnumber men starting at about age 40 and 
continuing thereafter. Tucson women over 65 years 
old increased during the decade by 34 percent, 
outnumbering men in this age group by 3 to 2.

(City o f  Tucson 1992,10).

Comments:

Master's Report: Case Study on Sustainable Design in Tucson, Arizona



Chapter 4: User's Needs: Household and Cost Feasibility 89

Nonfamily household
34.69%

Female head of household with no 
children

>  Female head of household with children
6.08%

■  1990
Male head of household with no 

children
1.81%

1.51%
□  1980

I  1.85% 

1.17%
q  Male head of household with children

Couple with no children

20.40%
Couple with children

PERCENT OF HOUSEHOLD

Mobile home

Large apartment

■ Small apartment

2-4 Plex

Townhouse

Single family

10000 20000 30000 40000 50000 60000
NUMBER OF HOUSING TYPES

80000 90000

HOUSEHOLD TYPE

Family households changed from 65 to 60 
percent of total Tucson households. One-parent 
households increased by 60 percent, and represented 
9 percent of all Tucson and U.S. households in 1990. 
Seventy percent of Tucson’s households had no 
children.
(City o f  Tucson 1992, 12).

HOUSING UNITS BY TYPES

The total number of housing units in Tucson 
grew from 137,249 to 183,338, a 34 percent increase 
in the decade. Changes in household sizes were 
reflected in changing housing patterns. Many 
apartments were built in the decade to satisfy the 
housing needs of new, smaller households.
(City o f  Tucson 1992, 14).
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Master's Report: Case Study on Sustainable Design in Tucson, Arizona



Chapter 4: User's Needs: Household and Cost Feasibility 90

No bedroom
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■  1990
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|  45,544
62,286

I 42.732
51,999

12,446
14,563

10000 20000 30000 40000 50000 60000

NUMBER OF BEDROOMS 
OF HOUSING UNITS:

Studio and one bedroom housing units 
represented 29 percent of Tucson’s housing stock in 
1990. Numbers of studio and one bedroom 
apartments increased by 65 and 54 respectively from 
1980 to 1990, accounting for 40 percent of Tucson’s 
new housing units.
Source: The United States Census Bureau
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HOUSING OCCUPANCY

Owners occupied just about 51 percent of 
Tucson’s housing units in 1990, down from 60 
percent in 1980. For the nation, owners occupied 
about 64 percent of the housing units, little changed 
from 1980. Tucson renters have increased nearly four 
times as fast as homeowners. Occupied housing units 
were almost evenly divided between owners and 
renters in 1990.
(City o f  Tucson 1992, 18).

Drive alone 

Carpool I 20.36%
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MEANS OF
TRANSPORTATION WORK 
(CITY OF TUCSON)

Since War World II suburban lifestyles in 
sunbelt cities have been supported by a supply 
comparatively cheap roads, cheap gasoline, and 
affordable private vehicles. In the face of increased 
costs of all the above, the taste for private 
automobiles continues.
{City o f  Tucson 1990, 31).
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25%
A ssociate degree
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EDUCATIONAL 
ATTAINMENT CITY OF 
TUCSON

Nearly 60 percent of Tucsonans over 25 had 
at least some college education in 1990. A bachelor’s 
or graduate degree had been earned by nearly 21 % of 
Tucson’s population over 25, slightly higher than the 
national figure of 20 percent.
(City of Tucson 1992, 22).
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LABOR FORCE STATUS IN 
CITY OF TUCSON

The trend in increased labor force 
participation by females represents both greater 
opportunities for women and greater need for their 
contribution to household income. A growing number 
of Tucson women were in the labor force in 1990, 
about 57 percent of the City’s female population 16 
and over.
(City of Tucson 1992, 24).
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CLASS OF WORKER 
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The private sector greatly outpaced the 
public sector in employment. Federal Government 
employment of City residents grew by 20 percent in 
the decade, While State Government grew by 13 
percent and Local Government by 3 percent.
(City of Tucson 1992, 25).

Private Wage/Salary 

Local Government 

State Government

a
<  Federal Government 
U

Self Employed 

Unpaid Family Worker 

All workers

-20% -10% 0% 10% 20% 30% 40%
PERCENT OF CHANGE 1980-1990

50%

CLASS OF WORKER 
PERCENT OF CHANGE

Opportunities for self-employed 
entrepreneurs increased significantly: 44 percent from 
1980 levels. Numbers of Unpaid family workers 
experienced a decline nearly to 10 percent.
(City of Tucson 1992, 25).
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INDUSTRY OF WORK CITY

&
3■a

Finance, Insurance, & Real State 

Repair less and Repair Services

Educational Services 

Other Professional Services 

Public Administration

OF TUCSON 1980-1990

As with the nation, far more service jobs 
than goods-producing jobs were created in Tucson 
over the decade. Service jobs play lower wages than 
manufacturing jobs, leading to decline in both 
average income and consumption. Retail trade was 
the largest industrial group of Tucson residents, with 
38 percent increase in the decade to a total of 38,488 
jobs. Eight industry categories experienced growth 
greater than Tucson’s total 1980-1990 job growth, led 
by the Other Professional and Related Services 
group. Examples of this group are doctors, social 
workers, and architects. The three industries 
exhibiting declining numbers of employees were 
Mining, Communications, and Construction.
(City o f  Tucson 1992, 26)
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|  13.43%
15.46%

J  14 14%

□  1980  

■  1990

4.14% 
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OCCUPATION OF WORK 
(CITY OF TUCSON 1980- 
1990).

Nearly all occupations saw jobs increase. 
Professional Specialty, Other Services, and 
Administrative Support each included about 15 
percent of working Tucsonans in 1990. The 
occupational group experiencing the greatest gain 
was Protective Services that increased 68 percent. 
Examples of Professional Specialty occupations are 
architects, teachers, and lawyers. Other Services 
occupations are food counter workers, janitors, and 
child care workers. Administrative Support jobs 
include computer equipment operators, clerks, and 
receptionists.
(City o f  Tucson 1990, 27).

Percent of Workers
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Affordable housing for Tucsonans can be 
achieved both by lower housing cost and by higher 
income levels. According to most mortgage 
institutions, housing cost creates a financial burden 
when it exceeds 28 percent of monthly household 
income
(City of Tucson 1992, 19).
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Less than 20%

20-24%
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30-34%

35% or more

PERCENT CHANGE 1980-1990

PERCENT OF CHANGE FOR 
SHELTER COSTS

Of the total Tucson housing units, 83,687 
were owner occupied in 1990, an increase of 12 
percent in the decade. Most owners, or 53 percent, 
paid less than 20 percent of their monthly income for 
housing. However, many 1990 homeowners were 
paying a larger percentage of their income for 
housing than in 1980. Homeowners paying 35 or 
more of their income increased by 29 percent.
Renters paid a greater proportion of their household 
income for rent in 1990. However, renters paying 35 
percent or more of their household income for 
housing cost increased at double the rate of 
homeowners in this category.
(City of Tucson 1992, 19).
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HOUSEHOLD INCOME 
(CITY OF TUCSON 1980- 
1990)

Nationally, married couples with a single 
income decreased from 21 percent of all households 
in 1980 to 8 percent in 1990. Only households with 
Social Security income measured a gain, increasing 
14 percent over 1980 figures.
{City o f  Tucson 1992, 28).

Development Builder Price
Southwestern Tucson

Cambric Estes $72,400
Cardinal Park Canoa $76,900
Casa Primera Casas Lindas $69,500
Copper Crest Cavco $60,000
Las Montanas Ollanik $70,995
Rancho Reyes KE&G $74,400
Westview Park Charter Cst $62,900

South Tucson
The Cove Voyager H $79,990

West Tucson
Remington Acre Remington $69,000

NEW HOMES PRICES

Prices of new home subdivisions in the 
Tucson area ranged from $60,000 to $330,000 in 
1996 {Bright Future Businesses Consultants 1996, 2). 
The minimum prices are located in Southwestern 
Tucson, West Tucson, and South Tucson.) Only 9 of 
the 154 listed are priced under $80,000.

Comments:
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f>TO

hcuses

O J J S T E f S

cujsrtfe

L evels o f  partic ip a tio n : “A  com m itm en t to  c lear  
X  discu ssion  a n d  deba te; everyon e is em p o w ered  to  jo in  

th e  design  process . ” (p. 112)
As in the design process, the design enhances the users’ level 
o f participation in order to achieve social interaction and 
community sense, and eradicate isolation and separation.
a) Centralized forms increase social interaction enjoining 

everyone and all elements to a common central space 
where people meet and encounter (p.l 16).

b) Centralized forms also recreate the imageable structure 
found in Pueblo, and Spanish colonial cultures (p.53).
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CELL --------------

^  S p a tia l sca les: “In tegra tes  design  across m u ltip le  sca les;
re flec tin g  th e  in flu en ce o f  la rg er sca les  on sm a lle r  sca les  

a n d  sm a ller  on la rger.” U nderly in g  m etaph ors: “C ell, 
organ ism , ecosystem . ” (p. 112)
Through the integration of spatial scales, social interaction 
and community sense, as well as meaning can be achieved.
a) Spatial integration is achieved through design elements 

such as paths and nodes. Paths integrate exterior spaces 
with the same or different scales as in the Spanish 
colonial architecture styles (53); and because of their 
major hierarchy, they gather more people in their space. 
Paths conduce from one node (a central space) to 
another, to integrate, and give them main hierarchy.

b) Central spaces designed as nodes are an option for 
people to meet, encounter, and hold community life, as 
in the Pueblo and Spanish colonial culture (p.53). They 
also integrate the whole design through their ambient 
structure, if they disclose similar values of identity.

c) Elements of identity are patterns read from nature, or 
meanings based on the underlying metaphor —cell, 
organism, and ecosystem— to carry through nature’s 
inner invisible logic (p.76). Spiritual meaning sustains 
identity. Identity elements could show values part of the 
adapted cultures of the Southwest too, or values from the 
Sonoran Desert imageable structure, meeting 
simultaneously cultural- and bio-diversity.
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fVho/e systems: “Works with whole systems;produces 
• 3  designs that provide the greatest possible degree o f  
internal integrity and coherence.'1' (p. 112)
Streets are design elements that integrate the neighborhood 
(organism) with other neighborhoods, the village center, the 
employment center, and out-site systems (ecosystems and 
organisms); and they integrate the elements that constitute the 
same neighborhood itself, to make it work as a whole system.
a) Streets (pedestrian or automobile) connect the 

neighborhood with all the areas surrounding it 
(especially with those of the existing design—internal), 
to integrate and work with them as a whole system.

b) At small scale (clusters), patios are central spaces that 
permit access to streets leading to large scale elements to 
make them work as a whole system, too.

c) If possible, design elements will work all together 
without sacrificing another, even when conditions 
change.

A  “Design criteria: Human and Ecosystem health ”
4  Toxic substances: Used extremely sparely in very special
circumstances", (p. 112)
a) Preserve open space: concentrate the design in one area 

(site and siting p. 116).
b) Preserve existing vegetation.(site and siting p. 116)
c) Use disturbed, and not relevant land for the ecosystem to 

build (site and siting p. 116).
d) Design natural drainage systems with surface swales, 

tiny check dams, and depressions serving as retention 
ponds and percolation beds (water pi 14).

e) Design pedestrian streets. Minimize transportation 
requirements (site and siting p. 116).

f) Design Hydrozones with Zeroscape as major areas 
(landscape p.24).

g) Use building materials and products containing non-toxic 
substances (toxins actions, p.121)
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Pollution: “Minimized, scale and composition o f  wastes 
conform to the ability o f  ecosystems to absorb them. ” 

(P-112)
a) Create green areas to absorb C 02 (shade trees p.9, and 

combustion gasses p.120).
b) Use solar aquatic systems (p.23).
c) Design street sewer systems leading to a water treatment 

plant.

/"R o le  o f  nature: “Includes nature as a partner; whenever 
possible, substitutes nature’s own design intelligence fo r  

a heavy reliance on materials and energy. ” (p. 112)

The existing elements of nature's own design set the basis to 
design the organism. They represent human health, setting 
humans in their own biological environment. They also 
represent ecological health continuing nature’s own design 
intelligence..
a) Pedestrian streets and buildings are shaded by existing 

vegetation.
b) Prevailing winds are conduced to the inside of the 

building for cross ventilation (direct cooling p.21).
c) Vegetation reduces energy consumption for cooling, 

adds humidity to the air, and converts C 02 into Oxygen 
(shade trees p.9).

d) Nature image is a biological need for human (p.76).
e) Bushes divert ground reflectivity from the building in 

summertime (p.13), and are a filter for noise.
f) Passive solar systems reduce the reliance on 

conventional energy (p.15-18).
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^S en s itiv ity  to ecological context: “Responds to the bio- 
/  region: the design is integrated with local soils,

vegetation, materials, climate, topography; the solutions
grow from  p lace” (p. 112)
a) Pavers paths permit soil percolation. Swales divert 

rainwater to wash.(p. 116)
b) Landscape features native species of vegetation — 

Acacia, Eucalyptus, Texas Ebony, Dessert Ironwood, 
Southern Live Oak, Palo Verde, Mezquite, Desert 
Willow, Feather Tree, Chinese Pistache (p.9).

c) Energy conservation strategies regulate extreme climate 
conditions (p.6-14).

d) The structure features local materials: straw bale, adobe, 
stucco, etc. (p.33-34).

e) Siting of buildings follows the slope of the site, and 
allows if possible the natural site drainage (p.l 16).
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NINP0VH9

Southwest

cuuMeê
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O  Cultural, and economic diversity: “Maintains adapted 
&  cultures and economics that support i t  ”
Sensitivity to cultural context: “Respects and nurtures 
traditional knowledge o f  place and local materials and 
technologies; fosters commons. ” (p. 112)
a) Traditional regional techniques are stucco on exterior 

finishes, adobe and clay bricks, wooden structures for 
roofs (p.53-58),

b) Small floor-to-ceiling ratio on windows as used in the 
Pueblo regional style (55-56).

c) Drought resistant shade trees (p.9).
d) The “architectural forms synonymous with Tucson” 

(p.52) are Pueblo, Sonoran and Anglo Transitional 
(p.55-58) which maintain cultural diversity.

e) Design elements from the Southwest imageable structure 
are paths and nodes (53).
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Q  Tjpm o f  learning: “Nature and technology are made 
visible; the design draws us closer to the systems that 
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1  an(i  economics: “Perceived as compatible,
X \3 long run view. ” Materials use: “Restorative materials 
cycles in which waste fo r  one process becomes food  fo r  the 
next; designed-in reuse, recycling, flexibility, ease o f repair, 
and durability.” (p. 112)
a) Gray-water is purified by solar aquatic systems (p.23).
b) Shared common walls reduce the amount of construction 

resources (p.l 14).
c) Clusters {cell) reduce open space area; thus, they achieve 

ecological economics (p.l 16).
d) The dwellings are capable to grow one or more 

bedrooms. Exterior areas offer use-flexibility in different 
seasons of the year (p.l 15).

e) Straw bale walls stuccoed on exterior and plastered on 
common wall (p.33).

f) Cellulose insulation on ceilings, roofs, and walls (p.27).
g) If available, use HFC-134a rigid foam insulation on 

foundations, otherwise HCFC rigid foam.(p.28).
h) Engineered lumber products: OSB (Oriented Strand 

Board) I-joists, sheathing, and studs (p.28, 31).
i) Wall finishes are natural paint pigments; natural paints, 

varnishes and stains for exterior and interior uses; and 
organic paints, solvent-free paints for interiors (p.32).

j) Floor finishes are tiles made of recycled content (p.32).
k) Exterior pedestrian paths are made of recycled content 

pavers (p.34).
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^  ^  Energy source: “Wheneverfeasible, renewable:
1 Solar, wind, small-scale hydro, or biomass; the 

design lives o ff  solar income.” (p. 112)
a) Renewable energy passive features are Direct Gain, 

Thermal Storage Walls, Attached Sunspaces, Underslab- 
rockbeds (p.15-18).

b) Renewable energy active solar features are Photovoltaic 
panels and Solar Water Heaters (p. 19-20).

c) Cooling features are Direct Cooling, and Cool Towers
(p.21-22).

d) Rainwater Collection (p.23).
e) Solar Aquatics (p.23).
f) Hydrozones, Xeriscape (p.24).

Affordable mortgage per month: 
$21,748 x .28=$6,089 
$6,089- 12 = $507

A fford ab le hom e cost:
$507 -  7.0 = $72,428

A fford ab le hom e cost w ith  the Energy Advantage Home program :
$72,428 x . 12 = $8,691 
$72,428+ $8,691 = $ 8 1 ,4 0 2

U ser’s needs answ ers:

a) Non-burdensome monthly mortgages are 28% of average 
household income (p.96).

b) Average household income is $21,748/yr. (p.97)
c) Annual mortgage is 30 years (p. 152).
d) Interests rates of 7.5% have a factor of 7 per $1,000 of 

mortgage (p.152).
e) Advantage mortgage lenders of the Energy Advantage 

Home program allows buyers to qualify for up to a 12% 
larger mortgage (Southwest Gas 1997, 2).

f) Homes are 1 Bdrm. (possible to grow up to 2 Bdrm.) 
(p.89, 90), 2 Bdrm. (possible to grow up to 3 Bdrm. 
(p.89,90); with/home business work area (p.93, 95,116); 
living, dining, kitchen, and bathroom/laundry. Smaller is 
better, areas kept to minimum (p.l 14)
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CHAPTER 6: 
DESIGN PROPOSAL
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Pedestrian streets communicate dwellings, clusters, the neighborhood to other neighborhoods; and the neighborhood to the Neighborhood Center, the Village 
Center and the Employment Center —the development works as a whole system (Precept 3). Three major pedestrian streets stand out leading to important nodes: a) the 
west path (parallel to the wash) directed towards to the Employment Center and the Neighborhood Phase 2; b) the central path (crossing the site from north to south) 
leads to the Village Center and the Neighborhood Center; and c) the north path (parallel Drexel S t)  leads to the Neighborhood center from the outside of the village. 
They are shaded by an existing vegetation, which demonstrates that Ecology and Economics can be compatible, and that nature and design can be partners—No trees to 
be cut, no trees to be bought and planted; instead, the existing trees shade the paths (Precepts 6,10). All the pedestrian paths are an option for a safe brisk walk, an 
invitation to meet and encounter besides enhancing human health (Precept 2,4). They are built with pavers (recycled) that permit soil percolation, integrating the soil 
with the design and accomplishing ecosystem health (Precepts 7,10). As the existing vegetation is preserved and integrated with the design, the biological diversity of 
the Sonoran Desert is maintained too (Precepts 4); and the design “makes visible the systems that ultimately sustain us” (Precept 9). Furthermore, the pedestrian paths 
extend an option to avoid the automobile; therefore, they reduce pollution and act as lungs of the development converting C 02 into Oxygen (Precepts 4, 5).

The automobile streets are also paths connecting to other nodes of the village. They are designed to avoid crossing pedestrian streets to maintain safety for

their drainage is proposed to end up in a treatment plant that may be located m the Employment Center area. This way, ecological and human health, along with 
economics will be accomplished (Precepts 4,10). Following the slope of the terrain, the design of the streets integrates with the topography of the site —the solution 
grows from place (Precept 7). The streets are minimized —three streets in contrast with the several that the checkerboard grid may have in the same amount of area—
“to make a scale and composition of wastes conforming to the ability of the ecosystem to absorb them” (Precept 5).

Ecology and economic compatibility is achieved through a system of drainage swales, which costs substantially less than conventional storm drainage and keep 
ecological health by deverting water to the wash, serving as percolation beds, and reducing off-site water flow (Precept 4,7). They are also visible elements that “draw 
us closer to the systems that sustain us” (Precept 9).
In a cluster, the order of units around a common patio reflects the level of participation —everyone is empowered to join the community decisions—community sense 
(Precept 1). The plan view reflects the influence of the cluster (small scale) on the neighborhood, (large scale) which makes a system of power relationships that 
enhances community sense and social interaction, making the underlying metaphor —cell, organism, ecosystem (village), explaining the meaning to humans of moral 
values (Precept 2). At this level (small scale), the cluster works as a whole system, connecting immediately different areas —automobile, dwelling and pedestrian 
streets—from a central patio that integrates them (Precept 3).

The attached units are perceived as one; thus, they create an imageable structure that shows users their levels of participation—community sense (Precept 1). 
Squares are the clearest elements integrating the design: they appear on windows, west end of the cool tower, and the elevation shape of the rooms (Precept 2). The row 
of attached units makes an analogy to the imageable structure of the Sonoran style, maintaining this way the cultural diversity (Precept 8). The rows are separated by at 
least 15ft from one floor units and 34 ft for two floor units to permit appropriate solar heat gain in the interior spaces (Precept 11). The row houses follow the direction 
of the slope of the terrain on their long side so that they do not disturb the natural drain of it. This way, the design is integrated with the topography (Precept 7).

Since two dwellings share a common wall, the attached units will achieve ecological economics —one wall becomes two (Precept 10). The shape of the units is 
maintained within a ratio of 1:1.3, which is the optimum to respond to the climate conditions for external heat gain and loss dominated buildings. This feature allows the 
same plan of dwelling to be applied on clusters type B, where the units are unattached except by a patio covered with a ramada (Precept 7). A long side facing to the 
south will also achieve solar heat gain (Precept 7). The units on cluster type B are more flexible when responding to users needs of different cultural background. The 
patio is an exterior space shared by two dwellings (more proper for Hispanic families); but it is a space that may belong to one dwelling creating more privacy for its 
users —any of these two options will still keep the integrity and flexibility of the design (Precept 10). The patio permits the pass of a swale following the slope of the 
terrain reducing the earth movement; and the natural drainage of the terrain and east-west long-side orientation of the building are maintained too. Thus, they will 
achieve ecological and economic compatibility as well as the integration of the design with the topography (Precepts 7,10). A whole system is also maintained when the 
one bedroom unit grows to two bedrooms, since the integrity of the design is not affected (Precepts 3,10). If a new bedroom is to be built, three walls will be already 
built, and the patio door and window can be detached and re-installed on the new fourth wall, achieving a restorative cycle on the use of materials (Precept 10). The 
units are in both cases protected on the east and west elevation from undesired sun heat either by a ramada, an attached carport, or the vegetation of the pedestrian path 
(Precept 7). The layout of the units for the Clusters A and B is an integrated whole system design working along with the cool tower. A door closing the left discharge 
area of the cool tower will allow the whole load of cool air to be directed into the sleeping areas at night. While closing the bedrooms doors will direct the whole load of 
cool air into the living, dining, kitchen, or working areas at daytime (Precept 3). Dwellings on these clusters are built on straw bale.
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Dwellings on Cluster C have shapes that shade themselves creating more optional exterior areas; still, allowing all living rooms and bedrooms south oriented 
to the renewable energy source in wintertime —the sun (Precepts 7,11). When bedrooms face on the south side to an alley (an undesired view), they feature a storage 
mass wall instead of a window, “to substitute natures’ own design intelligence for a heavy reliance on materials and energy” (Precept 6). These bedrooms on the second 
floor have instead the benefit of an interesting view to the Sta. Catalina Mountains on the north orientation. When the bedrooms face to the central patio or garden on 
their south side, they have instead windows allowing solar heat gain (Precept 6,11). They offer more privacy for the users, and their immediate distance to the street 
makes them more appropriate for people running a home business. They are more accessible for the clients who are more probable to come from outside of the village 
(Precept 3,12). Units of cluster type C are built of clay and/or adobe bricks. Porches are architectural spaces of transition between the interior and exterior. They are an 
option for users to get a level of participation with the exterior neighbors and nature (Precept 1). They are also an element respecting traditional knowledge maintaining 
the old Anglo culture (Precept 8).

The roofs of the porches on clusters A and B are also solar control devices (verandas when south oriented and horizontal projections when north oriented) that 
will permit the sunlight go through in wintertime; and conversely, they will shade the space in summertime (Precept 7). As an option enhancing social interaction, they 
also become a visible space that sustains social interaction (Precept 9). Porches on cluster type C are also integrated as a sunspace, and they can be double height if the 
units are to be two bedrooms; still, maintaining the integrity and coherence of the design, (Precept 3). Small windows will also recreate the imageble structure of Pueblo 
cultures (Precept 8). They integrate the design with the climate —they won’t permit heat gain in summer because the thickness of the straw bale wall will be enough to 
create shading on the glass (Precept 7,8).

Wastewater purified through a future area for a solar aquatics water treatment system will achieve human and ecosystem health—ecological economics. They 
are an example of ecology and economics (Precepts 4,10). They favor aesthetic exterior spaces, showing inhabitants the systems that sustain them (Precept 9). They will 
minimize the wastes from dwellings, absorbing them and they will accomplish the process of waste for one becoming food for the next.

Trees are elements that maintain bio-diversity: They are native species: Deciduous—palaverde, mesquite, desert willow, etc., and evergreen— acacia, 
eucalyptus, desert ironwood, etc. (Precept 7). They are also partner elements of nature’s design: Evergreens protect from hot sun on the north side in the summer; and 
deciduous trees protect from the sun’s heat in the summer but also allow sun heat in wintertime where windows have a large floor-to-ceiling ratio. They are an example 
of substituting nature’s own design intelligence for a heavy reliance on materials and energy (Precept 6). Thus they also become visible learning elements drawing 
users close to the system that sustains life (Precept 9). They are the lungs of the cluster, connecting CO2 with oxygen (Precept 4).

Besides using renewable energy sources (sun and wind), these elements work with the dwellings as a whole system and/or integrate the design with the local 
climate as explained before on features of the dwellings (Precepts 3 and 7). Solar water heaters will utilize the sun heat to energy to heat the domestic water. By making 
these devices visible, the users will learn and recognize the systems that sustain them (Precept 9). Cool towers will use the outside air as renewable source, adding 
humidity to it and conducting it to the living areas of the dwelling (Precept 11). Cool towers are also visible devices teaching to the users the systems that sustain us 
(Precept 9). Their design integrates solar water heaters or photovoltaic devices to make them work as a whole system (Precept 3).

The area of the units will achieve economic requirements since “small” is affordable to buy and operate. Considering a cost per square foot of building of $45, 
units on clusters A, and B with 1078 sq. ft. would range around $48,600 for two bedroom units, and the units for clusters type C with 1,400 sq. ft. would range about 
$63,000. These prices are very competitive compared with those of conventional houses in the area and the maximum estimated home cost ($72,428) creates a non- 
burdensome monthly mortgage (Precept 12), without considering the benefits in a long term —energy and water savings, and environmentally friendly buildings. In 
addition, the small area also increases the density of the land allowing more open space preserved and demonstrating again that ecology and economics are compatible 
(Precept 4).
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ISSUE CONVENTIONAL DESIGN E C O L O G IC A L  D E S IG N
E nergy source Usually non-renewable and destructive, relying on fossil 

fuels or nuclear power; the design consumes natural capital.
W h en ever feasib le , renew able: Solar, w in d , sm all-sca le  hydro , or b iom ass; 
the design  lives o ff  so lar incom e.

M aterials use High-quality materials are used clumsily, and resulting toxic 
and low quality materials are discarded in soil, air and water.

R estorative m aterials cycles in w h ich  w aste  for on e process becom es food for  
the next; designed-in  reuse, recycling, flex ib ility , ease o f  repair, and  
durability .

Pollu tion Copious and endemic M inim ized; scale and com position  o f  w astes con form  to th e  ab ility  o f  
ecosystem s to absorb  them .

T oxic Substances Common and destructive, ranging from pesticides to paints. U sed  extrem ely  sp arely  in very sp ecia l circum stances.
E cologica l
accoun ting

• Limited to compliance with mandatory requirements like 
environmental-impact reports.

S oph isticated  and b u ilt-in ; cpvers a w id e  range o f  eco log ica l im pacts over the  
en tire life-cycle  o f  the project, from  extraction  o f  m ateria ls to final recyclin g  
o f com ponents.

E cology  and  
econoknics

Perceived as in opposition; short-run view. P erceived  as com patib le; lon g  rim  viefcv.

D esigh  criteria Economics, custom, and convenience. H um an and ecosystem  health , eco log ica l econom ics.
S en sitiv ity  to 
ecological con text

Standard templates are replicated all over the planet with 
little regard to culture or place; skyscrapers look the same 
from New York to Cairo.

R esp ond s to b io-region: the design  is in tegrated  w ith  local so ils, vegeta tion , 
m ateria ls, cu lture, clim ate, topography; th e  so lu tions grow  from  place.

S en sitiv ity  to  
cu ltural con text

Tends to build a homogeneous global culture; destroys local 
customs

R esp ects and nurtures trad itiona l k now ledge o f  p lace and loca l m aterials and  
technologies; fosters com m ons.

B io log ica l, 
cu ltural, and  
econom ic d iversity

Employs standardized designs with high energy and materials 
throughout, thereby eroding biological, cultural, and 
economic diversity.

M ain ta in s b io-d iversity  and  the locally  ad apted  cu ltures and econom ics th a t  
su pp ort it.

K n ow led ge base Narrow disciplinary focus. In tegrates m ultip le  design  d iscip lines and w id e range o f  sciences; 
com prehensive.

S patia l scales Tends to work at one scale at a time In tegrates design  across m ultip le  sca les, reflectin g  th e  in fluence o f  larger  
scales on sm aller scales and sm aller on larger.

W h ole system s Divides systems along boundaries that do not reflect the 
underlying natural processes.

W ork s w ith  w h ole  system s; prod uces designs th a t p rovid e th e  greatest 
possib le  degree o f  in tern al in tegrity  an d  coh erence.

R ole o f  nature Design must be imposed on nature to provide control and 
predictability and meet narrow defined human needs.

In clu des n atu re as a partner; w h en ever  p ossib le , su bstitu tes n a tu re’s ow n  
design  in te lligen ce for a h eavy  re lian ce on m ateria ls and  energy.

U nd erly in g
m etaphors

Machine, product, part C ell, organ ism , ecosystem .

L evel o f  
p articipation

Reliance on jargon and experts who are unwilling to 
communicate with public limits community involvement in 
critical design decisions.

A  com m itm ent to clear d iscu ssion  and  debate; everyon e is em p ow ered  to  jo in  
th e  design  process.

T ypes o f  learn ing Nature and technology are hidden; the design does not teach 
us over time.

N atu re and  techn o logy  are m ade visib le; th e  d esign  draw s us closer to the  
system s th a t u ltim ately  sustain  us.

R esp onse to
su sta inab ility
crisis

Views culture and nature as inimical, tries to slow the rate at 
which things are getting worse by implementing mild 
conservation efforts without questioning underlying 
assumptions.

V iew s cu lture and natu re as poten tia lly  sym biotic; m oves beyond  triage to  a 
search  for  p ractices that actively  regen erate hum an  and  ecosystem  health .

(Source: Adapted from Van derRim and Cowan 1996, 26)
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AREA STRATEGY COMMENTS

ENERGY Design an energy efficient building Use high levels of insulation, high performance windows, and tight construction. In Southern climates, 
choose glazings with low solar heat gain.

Design buildings to use renewable 
energy

Passive solar heating, daylighting, and natural cooling can be incorporated cost -effectively into most 
buildings. Also consider solar water heating and photovoltaics —or design buildings for fixture panel 
installation. If wood heating is an option, specify a low-emission wood stove or pellet stove.

Pay attention to solar orientation Reduce energy use by orienting buildings to make optimal use of passive solaf heating, daylighting, and 
natural cooling.

Situate buildings to benefit from 
existing vegetation

Trees on the east and west sides of a building can dramatically reduce cooling loads. Hedge rows and 
shrubbery can block cold winter winds or help channel cool summer breezes into the building.

Install high-efficiency heating and 
cooling equipment

Well-designed high-efficiency furnaces, boilers, and air conditioners (and distribution systems including 
zonal control) not only save the building occupants money, but also produce less pollution during 
operation. Install equipment with minimal risk of combustion gas spillage, such as sealed-combustion 
appliances.

Install high-efficiency lights and 
appliances

Fluorescent lighting has improved dramatically in recent years and is now suitable for homes. High- 
efficiency appliances offer both economic and environmental advantages over their conventional 
counterparts.

Make your business operations more 
environmentally responsible

Make your office as energy efficiency as possible, purchase energy efficient vehicles, arrange carpools to 
job sites, and schedule site visits and errands to minimize unnecessary travel.

In hot-dry climate, consume less 
energy

Design high efficiency fenestration, sun tempering, shading systems, low window-to-floor space ratio. 
Consider especially east-west orientation.

WATER Design water efficient, low- 
maintenance landscaping

Conventional lawns have a high impact because of water use, pesticide use, and pollution generated from 
mowing. Landscape with.drought-resistant native plants and perennial ground covers.

Look for the feasibility of graywater 
and roof-top water catchment 
systems.

Water that has been used for bathing, dishwashing, or clothes washing can be recycled for flushing toilets 
or irrigation. If current codes prevent graywater recycling, consider designing the plumbing for easy 
future adaptation. Roof-top water catchment for outdoor watering should be considered in many regions.
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Install water-efficient equipment Water-conserving toilets, showerheads, and faucets aerators not only reduce water use, they also reduce 
demand on septic systems or sewage treatment plants. Reducing hot water use also saves energy.

In hot-dry climates, use less potable 
water

Use underground irrigation, harvest rainwater, design Xeriscape, hydrozones, run-offs, and retention 
areas.

MATERIALS
AND
PRODUCTS

Smaller is better Optimize use of interior space through careful design so that the overall building size —and resource use 
in constructing and operating it— are kept to a minimum.

Optimize material use Minimize waste by designing for standard sizes. Avoid waste from structural dver-design (use optimum- 
value engineering/advanced framing).

Avoid ozone-depleting chemicals in 
mechanical equipment and 
insulation

CFSs have largely been phased out, but the primary replacements —HCFCs— also damage the ozone 
layer and should be avoided when possible. Reclaim CFOs when servicing or disposing of equipment 
(required by law) and, if possible take CFC-based foam insulation to a recycler who can capture CFCs.

Use durable products and materials Because manufacturing is very energy-intensive, a product that lasts longer or requires lesd maintenance 
usually saves energy. Durable products also contribute less to our solid waste problems.

Choose building materials with low 
embodied energy

One estimate of the relative energy intensity of various materials (by weight) is as follows: Lumber=l 
Brick=2 Cement=2 Glass=3 Fiberglass=7 Steel=8 Plastic=30 Aluminum=80.

Buy locally produced building 
materials

Transportation is costly in both energy use and pollution generation. Look for locally produced materials 
(local softwoods or hardwoods, for example) to replace products imported to your area. In hot arid 
climates reduce the Use of heat absorbing materials.

Use products made from recycled 
materials

Building products made from recycled materials reduce solid waste problems, cut energy consumption in 
manufacturing, and save on natural resource use. Use materials high in recycled content and recyclable.
A few examples of materials with recycled content are cellulose insulation, Homosote®, Thermo-ply®, 
and recycled plastic lumber. Eliminate need for finishes. Reuse on-site waste. Reduce material use 
through design.

Use salvaged building materials 
when possible

Reduce landfill pressure and save natural resources by using salvage materials: lumber, millwork, certain 
plumbing fixtures, and hardware, for example. Make sure these materials are safe (test for lead paint and 
asbestos), and do not sacrifice energy efficiency or water efficiency by reusing old windows or toilets.
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Minimize use of old-growth timber Avoid lumber products produced from old-growth timber when acceptable alternatives exist. You may 
not need clear narrow-grained cedar or redwood siding, for example, when using an opaque stain or paint 
—as long as proper detailing is used to avoid rot. Laminated wood timbers can be substituted for old- 
growth Douglas fir. Do not buy tropical hardwoods unless the seller can document that the woods came 
from well-managed forest.

Avoid materials that will ofF-gas 
pollutants.

Solvent-based finishes, adhesives, carpeting, particle board, and many other building products release 
formaldehyde and volatile organic compounds (VOCs) into the air. These chemicals can affect workers’ 
and occupants’ health as well as contribute to smog and ground-level ozone pollution outside.

Minimize use of pressure-treated 
lumber

Use detailing that will prevent soil contact and rot. Where possible, use alternatives such as recycled 
plastic lumber. Take measures to protect workers when cutting and handling pressure-treated wood, and 
never burn scraps.

Minimize packaging waste Avoid excessive packaging, such as plastic-wrapped plumbing fixtures or fasteners that are not available 
in bulk. Tell your supplier why you are avoiding over-packaged products. Keep in mind, however that 
some products must be carefully packaged to prevent damage —and resulting waste.

Make it easy for occupants to 
recycle waste

Make provisions for storage and processing of recyclables: recycling bins near the kitchen, under-sink 
door-mounted bucket with lid for compostible food waste, etc.

Renovate older buildings Conscientiously renovating existing buildings is the most sustainable construction.

Design for future reuse Make the structure adaptable to other uses, and choose materials and components that can be reused or 
recycled.

Minimize job-site waste Centralize cutting operations to reduce waste and simplify sorting. Set up clearly marked bins or trash 
cans for different types of usable waste (wood scraps for kindling* sawdust for compost, etc.). Find out 
where different materials can be taken for recycling, and educate your crew about recycling procedures.

Make your business operations more 
environmentally responsible

In your office purchase recycled office paper and supplies, recycle office paper, use coffee mugs instead 
of disposable cups. On the job, recycle beverage containers.

Avoid potential health hazards; 
Radon, EMF, pesticides.

Plan electrical wiring and placement of electrical equipment to minimize electromagnetic field exposure. 
Design insect-resistant detailing that will require minimal use of pesticides. Reduce chemicals in ground 
water.

M aster’s Report: Case Study on Sustainable Design Strategies



A P P E N D IX  A : SU ST A IN A B L E  D E S IG N  ST R A T E G IE S 116

Install mechanical ventilation 
equipment

Mechanical ventilation is usually required to ensure safe, healthy indoor air. Heat recovery ventilators are 
preferred in cold climates because of energy savings, but simpler, less expensive exhaust only ventilation 
systems are also adequate.

SITE AND 
SITING

Evaluate site resources Early in the siting process carry out a careful site evaluation: solar access, soils, vegetation, important 
natural areas, etc.

Locate buildings to minimize 
environmental impact

Cluster buildings or build attached buildings to preserve open space and wildlife habitats, avoid 
especially sensitive areas including wetlands, and keep roads and service land short. Leave the most 
pristine areas untouched, and look for areas that have been previously damaged to build on. Use natural 
topography of site

Minimize transportation 
requirements

Locate buildings to provide access to public transportation, bicycle paths, and walking access to basic 
services. Commuting can also be reduced by working at home. Considered home office needs with layout 
and wiring.

Preserve indigenous plants Use indigenous plants and avoid cutting old trees. They are low maintenance landscaping. Shade from 
existing plants.

Protect trees and top soil during site 
work

Protect trees from damage during construction by fencing up the “drip line” around them and avoiding 
major changes to surface grade.

Avoid ude of pesticides and other 
chemicals that may leach into the 
ground water

Look into less toxic termite treatments, and keep exposed frost walls free from obstructions to discourage 
insects. When backfilling a foundation or grading around a house, do not bury any construction debris.

Avoid potential health hazards; 
Radon, EMF, pesticides.

Follow recommended practices to minimize Radon entry into the building, and provide for a future 
mitigation if necessary.

(Source: Lopez and Browning 1995, 116-118; and Arizona Public Service 1995, 94).
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H O U S E  E N E R G Y  D O C T O R ®
Cosl-Benrfit Analysis of Energy Conservation and Passive Solar Strategies
h v  M u n r i r i n  S e n r h r 7  A r r h  Qftft

GENERAL

Areal Volume! Azm

2 |l 304 10,378 -5

ENVELOPE 

Roof Wood Frame 
LM Wall Wood Frame 

HM Wall Masonry 

Windows Glass and Plast| 

Doors Solid Wood 

Floor Concrete

2 |lS27  14.892 -22
ENVELOPE 
Roof: Wood Frame
LM Wall Wood Frame 
HM Wall Masonry 
Windows Glass and Plastj 
Doors Solid Wood 
Floor____Concrete

35|284$ 33,188 - IS  
ENVELOPE 
Roof Wood Frame 
LM Wall Wood Frame 
HM Wall Masonry 
Windows Glass and Plastj 
Doors Solid Wood 
Floor Concrete 

2 |2 I3 2  17,770 SO 
; ENVELOPE 
Roof Wood Frame 
LM Wall: Wood Frame 
HM Wall Masonry 
Windows Glass and Plastj 
Doors Solid Wood 
Floor Concrete

COST ESTIMATE

Unit Quantity Unit PncJ Total

1 Night setback 

2. Roof insulation

3 Double glass windows

4 Roof ventilation

5 Outside shutters
6 Thermal drapes

Combined case

|0  SO 00

1304 SO 18

S F  223 51 $676

EA 60 $2 60

S F  381 | $18 00

S.F. j  375.45 $1 79

1 Slab insulation
2 Infiltration
3 Double glass windows (South)
4. Double glass windows (West)
5. Tinted glass windows (South) 
6 Double glass windows (East)

Combined case

S F  ' 2846  $4 16 
}L.F 124.59 $0.23
Is .F  1158.7 j $6.76 
SF. 224 3 | $6,76
S F  1587 $5 08
S F  100 9 $676

1 Night setback 
2. Landscaping
3 Roof insulation
4 Infiltration
5 Double glass windows
6 Window area

Combined case

0 0 SO 00
EA 6 00 $208 5
S F  228.51 $0 63
L .F  157 | $0.23
S F  134111 $6 76
S F 43 54 $9 79

1 Night Setback
2 Infiltration
3 Skylight DDSF
4 Window shading 1st Floor
5 Window shading 2nd Floor
6 Window quilts

Combined case

0 0 SO 00
L F  53 0  : SO 23
EA 1 | $239 4
S F  180 !$1 08
S F  38 66 $1 08
S F  316.01 $108

$2356 

$1,5109 

$1563 
$6.858 0 

$673

$9,433

$1.1852 
$284 
$1.0728 
$1,516.3 
$806 5 
$682 I

33.291.3

$00
$1.2510 
$1440 
$35 8 
$2.305 9 
$426 3

Add Siv %  Int SPB DPB
Cost Year Rale (year;) (yeais)|

$0 $94 7% 0 jO

$236 353 7% 4 4 5 5

$1,511 $292 7% 5.2 6 6

$156 371 7% 2.2
$6,858 $255 7% ji t -io

$673 $286 7% 124

39.433 31.031 7%  9

$1,185
$28
$1,073
$1,516
$807
$682

$73 7%
$93 7%
$28 7%
$38 ! 7%
$63 7%
$15 j 7%

$5.291 $310 7%

7 3 106
[0.3 0.3
11-10 I f  io
I f  to 18.10

112 9 -

$0
$1,251
$144
$36
$2,306
$426

$184 17% 
$14 7X 
$15 7%

!$10l | 794 
$108 794
$29 | 794

L
19.6 
0 4  0 4
18*10 18 10 

14.7 16

$4d«
$0
$12
$239
$194

$42
$3,427

$3.913

I $451 794 9.2 |lS ,4

$19 t794
$15 7 S  
$39 1794
$39 794
$19 794
$60 794

° °
0 8 0 9
61  8 3
5 6 3

2 2 \Z i
| IE*## J IE*M

STRATEGIES UNIT PRICE ANALYSIS

Description Unit IQuantiN Price Total

Strategy I: Night setback

No materials, labor by owners

Strategy I: Slab Insulation
Excav ZBackfill/no compact, light soil labor L H. 
Rigid insulation R-5 53 S.F. Piece j
Parging, plastering w/portland cement plastt S F 
Dampproofing, bituminous coating. 1 coat S F 
Labor parging, plastering. Damproofing L H
Labor insulation L H

0 042 $845
0018 $270
1000 $0 22
1 000 $0 06
0 260 $8 45
0.100 $8 45

$0 36 
$0 49 

$0 22 
$0 06 
$220 

!S0.85
Tolal in place per S .F .|$4.I6

Strategy I: Night setback
No materials, labor by owners

Strategy I: Night setback
No materials, labor by owners

Description Unit I QuantiN Price

Strategy 2: Roof Insulation

Ban insulation R-25 88.12 S F roll above o  Roll jOOIl $16 0

Total in place per S.F.|$0.18

Strategy 2: Infiltration, sealants type(Caulking)
35 YEAR Acrylic latex w/silicon @ 20 L.F Tube 0.05 ; $2 56 $0 13
Caulking gun @ $10 five tube uses Piece 001 $10.0 $0 10

Total in place per L .F .|S0 .2 i

Strategy 2: Landscaping
Chilean Mesquite 24" box
Fertilizing
Labor by users

Piece 100  !$195 ;$195
Bag 3 $4 50 $13.5

$000

Total in place per EA.|$209

Strategy 2: Infiltration, sealants type(( aulking)

35 YEAR Acrylic latex w/silicon @ 20 L.F. Tube 0.05 $2 56 $0 13
Caulking gun @ $10 five tube uses Piece 0 01 $100  $0 10

Total in place per L.F.T5I
ENVELOPE 

Roof Wood Frame 
LM Wall Wood Frame 
HM Wall Masonry 
Windows Glass and Plastj 
Doors Solid Wood 
Floor Concrete

1 Infiltration (mcl weatherstrip )
2 Double glass
3. Roof insulation
4 Floor tile
5 Shutters
6 Earth berm

Il f . 124 $013 $66 86 $67
jS F. 356.85 $6 76 $2,412 $2,412
iS F 1650 $0 29 $479 $479
S F. 1805 $4 95 $8,935 $8,935

1$. F. 360 1$I8 00 $6,480 $6,480
C Y 15 14 $27 21 $412 $412

$18,785

($213 j794 
$172 794
$295 794
$32 794
$213 794
$48 (794

0.3 0 3 

M.3 23 3 
1.6 18 
18-II 18.10 

18*10 IB-10

8 6  13 6

18.10 IB-10

08800 Double glazing
35 YEAR Acrylic latex w/silicon @ 20 L F Tube j  0 05 $2 56 $0 13

$0 00
1/8 float glass per S F 
Gasket settings

(S.F. 1.00 $1.88 $1 88
L F  2 00 $2 44 $4 88

Total in place per I F | $0.13~ Tolal per 5.F.in place | $6.8

ABREV1ATIONS:
F.OWNER INFO

F.Size: Family Size 

Srvd: Surveyed 

F.Size: Family size

GENERAL

F.Size: Family Size 

Srvd: Surveyed 

F.Size: Family size

Sav. Savings 
Int. Interest 
S.P. Simple Paback 

D. P. Discounted

STRATEGIES COST

L.H.: Labor/Hour 

L.F.: Lineal Foot 

S.F.: Square Foot

NOTES:

Unit prices do not mckude labor, except where indicated
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ENVELOPE MATERIALS:

Roof: Wood Frame
Light Mass Wall: Wood Frame
High Mass Wall: None

Windows: Glass and Plastic
Doors: Solid Wood
Floor: Concrete

ENVELOPE AREAS (%) ANNUAL OPERATING COST ($)

J  BASECASE
I Night Setback 
■  Roof Insul.

I Dbl. Glass

■  Shutters 
I T Drapes

$200 $400 $1,000 $1,200 $1,400

STRATEGIES COST ($)

Night Setback 
Roof Insul.

Shutter
$6858.0

| T. D r a p e s ___  _______ (______  ____ ^ j

$500 $1,000 $1,500 $2,000 $2,500 $3,000 $3,500 $4,000

Roof:
LM Wall: 
HM Wall: 
Windows: 
Doors: 
Floor:

Wood Frame

Masonry 
Glass and Plastic 
Solid Wood 
Concrete

----- 1 B AS EC AS
I Slab Insul 
I Infiltration
■  DbIGIassS
■  DbIGIassW

|  Infiltration
H  Slab Insul 

DbIGIassS

I TintGlassW 
■  DbIGIassE

$200 $800 $1,000 $1,200 $1,400

DbIGIassW
| TintGlassW

| DWGIas s E _________ _________ _________ ____

$500 $1,000 $1,500 $2,000 $2,500 $3,000 $3,500 $4,000

Roof: Wood Frame
LM Wall:
HM Wall: Masonry
Windows: Glass and Plastic
Doors: Solid Wood
Floor: Concrete

Roof: Wood Frame
LM Wall: None
HM Wall: Masonry
Windows: Glass and Plastic
Doors: Solid Wood
Floor Concrete

iaSec a se
I Night Setback 
■ ■ ■ ^ ■ d s c a p in g

Night Setback
I Landscaping

■ ■ ■ o o f  Insul 
I Infiltration 
I Dbl Glass 

Win area

■  Roof Insul 
|  Infiltration

$200 $400 $600 $800 $1,000 $1,200 $1,400 $1,000 $1,500 $2,000 $2,500 $3,000 $3,500 $4,000

E ■  Infiltration
■ Skylight
■  Shade Win I
■  Shade Win 2
I Win Quilt____ H

Night Setback 
I Infiltration 
■ ■  Skylight 
■ ■  Shade Win 1 
|  Shade Win 2

$800 $1,000 $1,200 $1,400 $500

wmouth
$1,000 $1,500 $2,000 $2,500 $3,000 $3,500 $4,000

Roof:
LM Wall: 
HM Wall: 
Windows: 
Doors: 
Floor

Wood Frame

Masonry 
Glass and Plastic 
Solid Wood 
Concrete

- J  BASECASE 
Infiltratio

■  Double glass 
I Roof Insul. 
■ ■  Floor Abs 
■ ■ ■  Shutters

Infiltration
I Double glass

$800 $1,000 $1,200 $1,400 $500 $1,000 $1,500 $2,000 $2,500 $3,000 $3,500 $4,000

STRATEGIES

Insul: Insulation 
Dbl: Double

DbIGIassS: Double Glass on South Elevation 
DbIGIassW: Double Glass on West Elevation

DbIGIassE: Double Glass on East Elevation 
Win: Window
Vent: Ventilation

TintGlassWest: Tinted Glass on West Elevation
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S I KATI:GH--S PAYBACK (SMI & PPB/YIiARS) STRATEGIES PAYBACK FEASIBILITY 0%  IN I RA I L)

H H i  Night Setback 
H  Roof Instil

■ ■  Roof vent.
Shutters

T Drapes „ .

0 ,0  20 30 40 50 60 70 80 90 100

CONCLUSIONS

Night Setback
Rooflnsul.

mmmmmmm Dbl Glass
mtmm Roof vent.

at dpb

1  SPB

—  T Drapes

0 3 6 9 12 15 18 21 24 27 30 33

Slab Instil DPB
l  Infiltration ■  SPB

0 3 6 9 12 15 18 21 24 27 30 33

Night Setback ___________________

■ Infiltration t DPB 
■  SPB

»  1 1 1 . W»«.____ _ ________
0 3 6 9 12 15 18 21 24 27 30 33

Night Setback 
■  Infiltration

' Sk\llgh,
m m m m m m  SliadcWinl 

Shade Win 2

DPB
SPB

—
0 3 6 9 12 15 18 21 24 27 30 33

Double glass DPB
■  SPB

. Berm

0 3 6 9 12 15 18 21 24 27 30

T. Drapes

Slab Instil
DbKHassS 

DMGlatsW 
T i-O tasW  

DbIGlassE

DbIGIassS
DbIGIassW

TmlGlassW

8 0 10 20 30 40 50 60 70 80 90 100

Night Setback

Shade Wm Immmm— shade wm
, Win Quill

2. Double glass

4 FloorAbs 
5 Shuoen

Night Setback
Landscaping 

6 Roof Insul 
■ ■  Infiltration 

DW Glass

,
0 10 20 30 40 $0 60 70 80 90 100

I  Night Setback 
1  Infiltration
■  Skylight
■  Shade Win I 
1  Shade Win 2

0 10 20 30 40 50 60 70 80 90 100

Infiltration 
Double glass 

■ ■ ■  Rooflnsul 
1 FloorAbs 
1 Shutters 
1  Berm

0 10 20 30 40 50 60 70 80 90 100
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G A SES

Ozone (03). Unstable, poisonous gas with 
penetrating odor; protects the Earth from dangerous 
UV radiation. Also generated by photocopiers; 
exposure of polluted air to UV radiation; appliances 
with brush-type motors. Biological effects: It decays 
rapidly into oxygen, but even small amounts are 
serious irritants to eyes, nose, throat, and respiratory 
tract.

Radon (Rn). Colourless, odourless, practically inert 
gas. Present in certain geological areas. A serious 
contaminant which is carried into the home via dust, 
water, natural gas, and some building materials. 
Biological effects: Its inhalation damages lung tissues 
and long-term exposure is linked with cancer.

C O M B U ST IO N  G A SE S

Carbon Monoxide (CO2) Colourless, odourless, 
poisonous gas from incomplete combustion of gas in 
flames, wood, coal, and tobacco smoke, vehicle 
exhausts. Biological Effects: It reduces absorption 
levels of oxygen.

Nitric Oxide (NO) and Nitrogen Dioxide (NO2). 
Strong-smelling toxic gases from incomplete 
combustion of gas flames via cookers and boilers. 
Biological effects: N 0 2 is the most toxic of the 
nitrogen oxides, affecting the respiratory system.

Sulphur Dioxide (SO2) Pungent gas present in coal 
and wood smoke, and emitted by paraffin (kerosene) 
heaters. S 0 2 was once responsible for urban smogs: 
now it produces acid rains. Biological Effects: It 
rarely occurs at dangerous levels but it can 
exacerbate breathing difficulties.

Carbon Dioxide (CO2) Colourless, odourless gas. A 
combustion product of bottled gas heaters. It is 
responsible for stale and stuffy air in poorly 
ventilated rooms. Biological effects: Its continuous

exposure may affect the central nervous system and 
slow down reactions.

V O L A T IL E  O R G A N IC  C O M P O U N D S

Formaldehyde (HCHO) Binder and preservative 
with a pungent odour. At room temperatures, toxic 
vapours are released that contaminate the air. Widely 
used as a bonding agent and adhesive in timber and 
plastic products, carpeting, furnishings; a finish for 
clothing and bed linen. Occurs in combustion 
byproducts from cooking and heating appliances, as 
well as in tobacco smoke. Urea-formaldehyde foam 
insulation (UFFI) foam used prior to mid 1970’s is 
particularly hazardous. Biological effects: It is a 
potent irritant to skin, eyes, nose, and throat with 
accompanying headaches^ dizziness, nausea, and 
breathing difficulties. It may cause hose bleeds. 
Suspected carcinogen. Chronic exposure to UFFI 
vapours causes depression and triggers chemical 
sensitivity.

Organochlorines. Compounds of hydrocarbons and 
chlorine, which form the basis of many synthetic 
chemicals. Found in vaporous cleaners, air 
fresheners, polishes. Organochlorines are the most 
toxic and persistent of VOC’s. They include 
polychlorinated biphenils (PCBs), known 
carcinogens; polyvinyl chloride (PVC), a plastic that 
can off gas into store food; chloroform and 
chloramines, both toxic gases. Chloramines are 
released when household bleach and ammonia-based 
cleaners are mixed together. Other hazardous VOCs 
include ammonia, turpentine, and acetone in cleaners 
and solvents; naphthalene in moth balls; chlorine in 
bleach. Biological effects: Pungent vapours from 
VOCs are serious irritants to skin, eyes, and lungs; 
they cause headaches and nausea and damage the 
central nervous system. All are potentially 
carcinogenic. Organochlorine vapours in solvents, 
pesticides, and cleaning fluids irritate skin, cause 
depression and headaches, and may damage liver and

120

kidneys. Chloramine can be deadly.

Phenol ox carbolic acids are caustic contaminants 
found in disinfectants, resins, plastic, paints, 
coatings, and varnish contain formaldehyde. Never 
inhale Pentachlorophenol found in wood 
preservatives and fungicides. Biological effects: 
Phenols are corrosive to the skin and damage the 
respiratory systems.

P A R T IC L E S

Asbestos. Naturally occurring hazardous fiber mined 
from calcium magnesium silicate, used in insulation 
and fire-proofing. Banned in many countries. 
Biological effects: Airborne asbestos are a serious 
health risk causing asbestosis and cancers.

Microorganisms present in dust include disease
carrying bacteria and viruses, plus moulds, spores, 
and pollen. Biological effects: Microorganisms 
spread infections and diseases. They also cause 
allergies.

Metals. Trace elements from lead, cadmium, 
mercury, aluminum, and copper can be absorbed and 
accumulate to toxic levels in the body. Lead is 
present in old water pipes, exhaust fumes; lead and 
cadmium in paint; mercury in tinned tuna; aluminum 
is absorbed into food from cookware. Biological 
effects: Load and cadmium can damage brain and 
nerve tissues. Cadmium can also affect vision. Toxic 
levels of metals in the body give rise to headaches 
and breathing troubles.

(Source: Adapted from Pearson 1989, 51)
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Heating Systems Hazard Action
Paraffin (Kerosene) and bottled gas heaters Carbon monoxide, nitrogen dioxide, sulphur 

dioxide.
Condensation.

Do not use. If unavoidable, use for short periods only. 
Ventilate well.

Gas ranges, furnaces, and water heaters. Carbon monoxide, nitrogen dioxide, sulphur 
dioxide. Leaks from light pilots.

Vent all gas appliances to the outside. Replace with 
electrical models, or choose gas furnaces with sealed 
combustion chambers. Buy pilotless gas appliances. 
Have burners regularly serviced.

Oil furnaces _ . Combustion byproducts; vapours from spillage Ventilate to the outside. Replace with electrical heating 
system, or seal boiler room from house.

Wood stoves and fireplaces; coal fires and surfaces. Carbon monoxide, smoke, benzopyrene. Have flues regularly swept and checked. Seal chimney 
cracks. Install air supply direct to fireplace.

Electricity Hazard Action
Electrical wiring and appliances (TVs, food processor, 
blenders, mixers, power tools, hair driers, photocopiers).

Low-level electromagnetic radiation. Ozone. Use less electrical equipment and keep it away from 
sleeping spaces. Ensure protective wiring and devices 
are fitted.

Refrigerators CFSs released from coolant system. New CFC-free models being developed. Meanwhile 
use a pantry.

Microwave ovens. Radiation to ill-fitting doors. Use other fast cooking methods (e.g. pressure 
cookers). Have ovens checked regularly.

Fluorescent lighting (old fitting). PCBs from rapid start ballasts. Replace old fitments. Use incandescent or halogen 
lamps instead.

W ater Supply Hazard Action
Lead and other heavy metals from pipes. Nitrates 
and other trace pollutants and chemicals. Bacteria 
and radon in showers.

Remove lead pipes and those with lead-soldered joints. 
Have water tested. Use filtration systems.

Air Hazard Action
Air conditioning and ventilation systems; humidifiers, 
heating ducts.

Airborne microorganisms, fungi, bacteria, moulds, 
CFCs released from some systems.

Maintain comfortable humidity; ventilate to the 
outside. Have mechanical systems regularly checked.

Construction Materials Hazard Action
Earth, stone, granite, pumice; concrete, cement, fired 
bricks, aggregate blocks, and tiles made from alum shale, 
calcium silicate slag, and uranium mine trainings.

Radium, radon. Concentration varies according to 
locality of source.

Contact local health and safety authorities for 
information on radon concentrations. Where necessary, 
seal cracks in building foundations. Increase ventilation 
to the outside.

Plaster, cement, and plaster board made from phospho- Formaldehyde. May contain high levels of radon. Use natural gypsum plasterboard or lime plaster.
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gypsum.

Asbestos, insulation, and fireproofing materials around 
pipes, boilers, and tanks; roofs and floor tiles and boards.

Minute mineral fibres; blue and brown asbestos is 
more dangerous than white.

Asbestos is now banned in many countries, but is still 
found in older houses. Do not disturb or remove 
flaking asbestos; seek expert advice.

Urea-formaldehyde foam insulation (UFFI) for cavity 
walls.

Formaldehyde. Banned in the U.S. Have indoor air tested. If found, 
seek specialist advice.

T im b er and tim ber products H azard A ction

Pinewood, Spruce,, and other conifer woods. Resin vapours. Use older, recycled.wood, or other solid lumber. Seal 
with non-toxic finish.

Chipboard, fi6erboard, hardboard, particle board, 
plywood; used in furniture, units, shelving, floor decking, 
and wall finishes.

Formaldehyde vapours from resin binder, especially 
when product is new, and hot, humid climates.

Use solid lumber or “low-emission” formaldehyde 
boards. Buy solid wood or rattan, bamboo, and wicker 
furniture.

Timber treatments. Lindane, pentachlorophenol (PCP), tributyl tin oxide 
(TBTO).

Avoid these toxic insecticides and fugicides. Use safe 
preservatives.

F abrics and  F ibers H azard A ction

Synthetics (e.g. polypropylene and polyester used in 
carpeting, underlays, upholstery, bedding clothes).

Formaldehyde vapours. Also insecticides, soft 
plastics, flame retardants, crease and stain repellants.

Avoid synthetic products, especially wall-to-wall 
carpeting. Use natural, untreated materials such as 
cotton, linen, wool, burlap. Wash before use.

__________________________  A,

P ain ts, varn ish es, stains, rem overs. H azard A ction

Used throughout the home and walls, floors, ceilings, 
woodwork, furniture.

VOCs. Toxic vapours and odours in drying: paint 
removers are the most toxic. Added fungicides and 
insecticides. Metals.

Avoid petrochemical paints: if you must use them, 
keep windows full open and allow plenty of time for 
the paint to dry before reusing the room.

A dh esives H azard A ction

Adhesive, glues, and mastics: used for walls and floor 
tiles, furniture assembly, weather sealing, wall paper 
paste.

VOCs, notably formaldehyde,. Toxic vapours during 
application and drying.

Use traditional non-chemical glues or water based 
acrylics with low solvent content.

M eta l p roducts H azard A ction

Cookware, paints, pipes, structural uses, furniture. Leaching of trace elements into water-lead, 
cadmium, mercury, aluminum, iron, magnesium, 
copper. Lead and cadmium are ingredients of paints. 
Aluminum in cookware can leach into food. Metal 
furniture springs can distort electromagnetic fields.

Use natural paints. Change to stainless steel, glass or 
enamel cookware.

P lastics H azard A ction
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Foam filling in chairs, mattresses, cushions and pillows. Polyurethane: serious fire hazard. Banned in the UK and other countries. Use safe 
alternatives.

Vinyl plastic in floor and wall tiles, electrical equipment, 
imitation wood paneling, wallpapers.

Formaldehyde and other toxic vapours. Vinyl 
chloride.

Use natural alternatives.

Acrylics used in imitation glass sheets, wrappings. Toxic vapours. Suspected carcinogens. Avoid: even small amounts can be dangerous. Use safe 
alternatives.

Soft plastics (thermoplastics) used in numerous 
household products (e.g. food packaging and storage).

Vapours, especially in hot conditions. Food 
contaminants.

Use natural alternatives such as cellophane and 
greaseproof paper. Store food in glass, earthen ware, 
pr China containers.

•

H ousehold  M aintenance H azard A ction

Cleaners for ovens and carpets, polishes, bleaches, 
disinfectants, detergents, air fresheners, personal hygiene 
products.

Formaldehyde. Phenols, vinyl chloride, lye. All are 
highly irritant and toxic if swallowed. Aerosol sprays 
with CFCs.

Use natural alternatives and home remedies. If you 
must use chemical cleaners, wear gloves and protect 
skin from splashes. Store in a safe place away from 
children. Ventilate to the outside.

Pesticides and fungicides H azard A ction

Toxic-irritants and possible carcinogens. Practice biological pest control.

(Source: Adapted from Pearson 1989, 51)
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LIFE-CYCLE THINKING FOR MATERIALS, ENERGY, AND TOXICITY B Y  THE AM ERICAN INSTITUTE OF ARCHITECTS:

1. How much “embodied” energy does the building material create over its entire life?

2. How much energy is required, to manufacture the material and related products?

3. How much energy is used in transporting the material from source to project site?

4. Are renewable or sustainable energy sources used in the manufacture of the material?

5. Are there less energy consuming, longer-lived alternatives for the same application?

6. Are local sources for the material available?

7. Can the material be recycled or reused at the end of its useful life in a structure?

8. How easy or difficult is the material to recycle?

9. Do different construction systems offer better opportunities for resource recovery at the end o f the building life?

10. How much maintenance does the material require over its life in a structure?

11. How energy intensive is the maintenance regimen?

12. Are waste byproducts produced during maintenance?

13. Does the material require special coatings or treatments that could present health or safety hazards?

14. If the material produces off-gasses during and after installation, how is indoor air quality affected?

15. Are hazardous solid, aqueous, or gaseous wastes produced during the manufacturing process environmentally significant?

16. How do the amounts of waste resulting from manufacture, fabrication, and installation compare with those from alternate materials?

(Source: adapted from AIA 1991,118)

A P P E N D IX  D : R E S O U R C E -E F F IC IE N T  M A T E R IA L S  A N D  P R O D U C T S  12
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DIVISION 2: SITEWOKK

Section Application Product/System Manufacturer/Distributor Comments
02200 Earthwork: Soil protection and erosion 

control. Natural earth control products - 
landscape ties, etc.

Lumber See section 06500 Lumber made from recycled plastic.

02200 Earthwork: Soil stabilization. Specially 
developed for landfills with slopes of up to 35 
degrees.

Terra-Tuff JPS Elastomerics Corp. 
395 Pleasant St. 
Northampton, MA 01060 
(413) 586-8750

Geocomposite' membrane made from Hypalon synthetic 
rubber and recycled PET plastic or virgin polyester (you 
can specify which)

02800 Site Improvements: Site furnishings - 
Benches, picnic tables, and car stops.

Environwood BTW Industries Inc.

Pembroke Park, FL 
(305)962-2100

Furnishing made from recycled commingled plastic

02200 Earthwork: Soil stabilization . G eotextiles W ellm an Q u lin e Inc. 

2748 T A N A G E R  A ve. 

C om m erce, C A  90040  

(800) 222-1075

G eotextiles from  recycled  P E T  plastic.

02480 Marine work: Docks and Facilities. Lumber See section 06500 Lumber made from recycled plastic is natural for dock piles 
and planks.

02480 Site improvements: Playfield  equ ipm ent. G reen T ree P lastic  T ech . 

P O  B ox  18245  

A nah eim , C A  9281-8245  

(714) 282-7315

R ecycled  p lastic  p laygrou nd  eq u ipm en t.

02500 Paving and Surfacing: A sph altic  concrete  
p a v e m e n t

In ternational Surfacing  Inc. 

6751 W . G alveston  

C handler, A Z  85226  

(602) 268-0874

R ecycled  asphalt.

02500 Paving and Surfacing: Porous paving. Geoblock Presto Products 
PO Box 2399 
Appleton, WI 54913 
(800) 548-3424

Pavorous pavement system composed of grided plastic

02500 Sewerage and Drainage: Drain tile and other 
clay products.

Phoenix Brick Phoenix Scientific Industries 
Suite B9, 3620 N. High St. 
Columbus, OH 43214 
(614)267-0100

Made from fly ash reclaimed from pollution control 
scrubbers of municipal solid waste incinerators.
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A P P E N D IX D :R E S O U R C E -E F F IC IE N T M A  T E R IA L S A N D  P R O D U C T S  C A  T A L O G  126
DIVISION 2: SITEWORK

Section Application Product/System Manufacturer/Distributor Comments
02200 Earthwork: Soil stabilization. Geoblock Presto Products 

PO Box 2399 
Appleton, WI 54913 
(800) 548-3424

Pavorous pavement system composed of grided plastic 
sheets. !00% Post consumer recycled plastic.

02500 Paving and Surfacing. Brick Nuggets Cunningham Brick Co., Inc.

Thomasville, NC 27360 
(919) 472-6181

Brick Nuggets are made from reprocessed oil-contaminated 
soil. Ideal for walks and drives, the units average 3-3/4" in 
width, are jagged in shape.

02540 Synthetic Surfacing: E xterior W alkw ays. S tepp ing  stones U nited  R esou rce R ecovery  

R ou te 2, B ox  265  

Jon esb oro , A Z  72401-9560  

(501) 932-3500

M ad e from  recycled  p lastic 100%  p ost-con su m er  
plastic, faced  w ith  rock.

02800 Site Improvements, D eck in g A .E .R .T .
PO  B ox  1237  

S pringdale, A Z  72765  

(501) 750-1299

L IF E C Y C L E  d eck ing  m ade from  recycled  low  and  
high  den sity  p o lyeth y len e p lastic  and cedar fibers from  
recovered  m ill w aste . N ot a com m ingled  p lastic rubber. 
S u b stitu tes treated  w ood .

02140 Dewatering: Soaker hoses for ab ove or in- 
ground irrigation.

M O IST U R E
M A S T E R

A q u ap ore M oistu re  System s  

610 S. 80th  A ve.

P hoen ix  A Z  85043  

(602) 936-8083

M ad e from  recycled  tire  rubbers. P orous th rough out  
th e  en tire hose. E ffic ien t u se o f  w ater  resources. 
P rod uct currently  b ein g  u se for w in d ow  and  door  
m anufacturers. W eath er  resistan t.
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DIVISION 3: CONCRETE

Section Application Product/System Manufacturer/Distributor Comments
03100 Concrete Form Work K E E V A  form  

for concrete  
colum ns.

K eeva  In tern ationa l Inc. 
1854 N  A cacia  S treet 
M eza A Z  85213  

(602) 827-9894

Form s for concrete colum ns or beam s. In -w al R -20 . It 
uses less con crete than  m ost o ther foam  form  system s.

03100 Concrete Form Work E -Z  b lock  form  
System

K & G  A sscociates  

P O  B ox  35605  

M on te Sereno C A  95030  

(800) 742-0862

E xpanded  polystyren e form  p erm an en t for both  below  
and ab ove grade. In -w all R -18 . 6 1/2" w alls saves 
com crete. P rovides boths in su la ting  and sound  d ead ing  

values.
03100 Concrete Form Work P O L Y ST E E L  

block  form  
System

A m erican  P olysteel Form s  

5150 E d ith , N E  

A lb uq uerq ue, N M  87107  

(505) 9P S-F O R M

C an be used  in m ulti-story  b u ild ings. R -4 .17  per inch . 
F ire G alvan ized  steel strips on each  sid e allow  
a ttachm en t o f  w all covering  u sin g  slef-straings screw s. 
P rod uct has all na tion a l codes approvals.

03100 Concrete Form Work B L U E  M A X X  
Form  System

A A B  B u ild in g  System  

23314 C renshaw  B lvd . S u ite  7 

T orrance C A  90505  

(800) 293-3210

E xpanded  polystyren e form  p erm an en t for b oth  below  
and ab ove grade. Seven  sp ecia lty  un its for corners, end, 
etc. R -26 . B locks in clu d e v ap or a ir barrier and  strap in g  
8" on center for in terior or exterior.

03100 Concrete Form Work; F oun dation s, 
exterior or interior w alls.

S M A R T  
B L O C K  Form  
System

A m erican  C onfort System s  

1820 South  S anta  F e S treet 

Santa A n n a  C A  92705  

(800) C O N  F O R M

E xpanded  p olystyren e p erm an en t form w ork. R -17 .6 . 
U p to 16%  stronger than  standard  conrete. N o  
d eteriorate w ith  age. N o C F C 's released  in 
m anufacturing .

03250 Concrete Accessories: Expansion joints for 
use in concrete and masonry units.

Homex 300 Homasote Co.
Box 7240
West Trenton, NJ 08682 
(800) 257-9491

Premolded treated wood fiber strip made largely from 
recycled newsprint.

03400 PrecastConcrete. Autoclaved N. American Cellular Concrete 
14560 Lee Road 
Chantilly, VA 22021 
(703)631-2700

Made from fly ash, a by product of coal burning power

03100 Flyash Concrete F lyash  concrete  
supply

W estern  A sh  C o. 

PO  B ox  7360  

P hoen ix  A Z  85011  

(602) 861-5100

Fly ash supp liers for concrete
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DIVISION 4: MASONRY

Section Application Product/System Manufacturer/Distributor Comments
04200 Unit Masonry: Brick. Face brick, fire brick, 

drain tile, and pavers. -
Phoenix Brick Phoenix Scientific Industries 

Suite B9, 3620 N. High St. 
Columbus, OH 43214 
(614) 267-0100

Made from fly ash reclaimed from pollution control 
scrubbers of municipal solid waste incinerators.

04200 Unit Masonry: Concrete/Plastic. Insulated 
cellular concrete block.

Sparfill Wall 
System

Sparfill International Inc.
376 Watline Ave.
Missisauga, ONL4Z 1X2 Canada 
(416) 507-1163

Expanded polystyrene beads in concrete mixture, used with 
surface bonding in both sides. Variety of finishes available. 
Block widths from 4" to 12" in 2" increments.

04200 Unit Masonry: C losed  cell urethane  
blocks..

B lock E n erG  C orp. 

(602) 470-0223

C losed  cell u reth ane b lock , stacked  w /reinforcec| 
con crete installed  in  vo ids. D em o h ou se  b u ilt in  
A rizona 1988.

04200 Unit Masonry: Concrete/Plastic. Beams 
system.

Rastra Rastra Building Systems Inc. 
6421 Box Spring Blvd. 
Riverside, CA 92507 
(714) 653-3346

The Rastra system beams consists of recycled post
consumer polystyrene pellets and steel and pprtland 
cement. Lightweight (21#/cuft), versatile buijidirig element 
which can form many shapes. Rvalue= 30-33.

04200 Unit Masonry: Concrete/Plastic. Concrete 
masonry blocks.

THERMALOCK Thermalock Products, Inc. 
162 Sweeney St.
N. Tonawanda, NY 14120 
(716) 695-6000

Utilize expanded polystyrene to form connective webs 
between two concrete faces (EPS contains 30% recycled 
post consumer recycled content). Exceed code 
requirements for load-bearing walls.

04200 Unit Masonry A d ob e m asonry C ulhan e C ontracting  

7300 S add le R oad  

P rescott, A Z  86301  

(520) 778-3496

A ll types o f  ad obe m asonry and  p laster.

04200 Unit Masoniy: Concrete/Wood Blocks Block Faswall Concrete Systems 
1676 Nixon Rd.
Augusta, GA 30906 
(706) 793-8880

Mineralized woo/concrete blocks, stacked dry, filled with 
concrete. 50 years use in Europe, 10 years in Canada. 
Claims: R -ll  of greater, sound absorptive, vermin 
resistant.

04200 Unit Masoniy: Dry stacked wood fiber forms 
filled with reinforced concrete..

Advanced Concrete Technology 
67 South Bedford Street 
Burlington, MA 01803 
(617) 229-5828

Interior and exterior finishes can be nailed directly to wall.

04700 Simulated Masonry: Cast Stone used in table 
and countertops, sinks, tub surrounds, tile 
flooring, site works and furniture.

SYNDECRETE Syndesys
2908 Colorado Ave 
Santa Monica, CA 90404 
(310) 829-5641

Lightweight precast concrete surfacing material. Contains 
flyash, natural minerals, and waste poly fiber for 
reinforcing. Aggregates can be added to vary the texture 
and appearance.
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DIVISION 4: MASONRY

Section Application Product/System Manufacturer/Distributor Comments
04220 Pre-insulated Concrete Unit Masonry B lock Insulated  M asonry  System s Inc. 

7234 E ast Shoem an L an e,Su ite  1 
Scottsdale , A Z  85251  

(602) 970-0711

C om bines a concrete b lock  w ith  expanded  polystyrene  
(E P S) in su lation  inserts. T erm ite and  verm in  proof, 
sound  dead en ing , exterior and in terior w aterproof, no 
air or m oisture infiltration .

04200 Reinforced Unit Masonry: L oad bearing  
and non-load  bearing. W alls are 
postensioned  vertica lly  reinforced.

In tegra B lock Superlite B lock  

4150 W est T urney  

P hoen ix  A Z  85019  

(800) 366-7877

A vailab le  in arch itectural fin ishes in clu d ing  a variety  o f  
colors and textures. O nce con stru cted , W alls are 
in su lated  w ith  b low n-in  po lyurethan e foam . 6" w alls R - 
23, 8" w alls R -28.
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DIVISION 5: METALS

Section Application Product/System Manufacturer/Distributor Comments
05000 Steel Studs: Steel studs from recycled steel. Steel Studs Angeles Metal Systems 

4817 E. Sheila Street 
Los Angeles, CA 90040 
(213) 268-1777

Fabricator of steel framing studs for residential and 
commercial construction. Claims 100% pre- and post
consumer recycled steel.

05030 Porcelain Enamel Coatings: F or bath tubs, 
sinks and tile.

G L A Z E C O T E
synthetic
porcelain .

B athcrest, Inc.

2425 S. Progress D r.

Salt L ake C ity , U T  84119  

(801) 972-1110

C hem ically  bonds to b athroom  surfaces (sh iny  fin ish). 
A pp lied  b y  co-rep resen tative. It represents an 
a lternative to fixture rep lacem ent, and aid in sa lvaging  
fixtures for reuse. F ull line o f  colors.

-
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DIVISION 6: WOOD AND PLASTICS

Section Application Product/System Manufacturer/Distributor Comments
06050 Fasteners and Adhesives: Nails. MAZE NAILS Maze Nails

Dept JLC, PO Box 449 
Peru, IL 61345 
(800) 435-5949

Made from scrap steel. Recycling in manufacturing process 
includes reclaiming acid used for cleaning scrap, sorting 
and selling waste wire, and recycling waste zinc by
products of galvanizing.

06100 Rough Carpentry: Building Panel Systems. See section 07400 Manufacture Roofing and Siding.

06100 Rough Carpentry: Cellulose-fiber roof 
decking.

EASY-PLY & 
4-WAY

Homasote Co.
Box 7240
West Trenton, NJ 08682 
(800) 257-9491

EASY-PLY roof decking, T&G, intended for exposed 
applications, fastened directly to rafters. 4-WAY floor 
decking, structural subfloor/carpet underlayment. No urea- 
formaldehyde or asbestos additives.

06100 Rough Carpentry: Laminated/processed 
sheathing, Floor and roof systems..

OSB INNER- 
SEAL

Louisiana-Pacific 
111 SWFifth Ave 
Portland, OR 97204 
(503) 796-0204

Can be used as wall of roof sheathing and T&G flooring. 
Available in standard sheathing dimensions. Claims 
formaldehyde-free adhesive, 1/2 linear expansion of 
hardboard.

06100 Rough Carpentry: Recycled Lumber. 
Beams, timbers, flooring, paneling and finish 
lumber.

Lumber Jefferson Lumber Co. 
1500 West Mott Rd. 
Mt. Shasta, CA 96067 
(916) 235-0609

Remanufactured and sale salvaged timber. Redwood, pine, 
Douglas Fir, other woods.

06170 Rough Carpentry: Prefab. Structural Wood. 
Glue-Laminated Construction. Beams and 
headers.

GP-LAM-LVL 
beams&headers 
and WOOD I- 
BEAM, -CDX.

Georgia Pacific 
PO Box 3810 
Ocala, FL 32678 
(800) 423-2408

CDX plywood web, 2x4 flanges. Phenolic resin adhesives.

06170 Rough Carpentry: Prefab. Structural Wood. 
Glue-Laminated Construction. SST Joists..

Joists Standard Structures Inc. 
340 Standard Ave 
Windsor, CA 95492 
(707) 544-2982

ssl joists with stress rated flanges and OSB web. Finger- 
joined and laminated framing lumber.

06200 Finish Carpentry: Fiberboard interior, and 
exterior grade board.

MEDEX& 
MEDITEII

Medite Corporation 
PO Box 4040 
Medford, OR 97501 
(800) 676-3339

Medium density (MDF), MEDEX produced with polyurea 
resin matrix adhesive instead of urea-formaldehyde or 
phenol formaldehyde. MEDITE II lower cost for interior 
applications.

06200 Finish Carpentry: Hardwoods managed from 
plantations.

Hardwood Handloggers Hardwood 
135 E. Francis Drake Blvd. 
Larkspur, CA 94939 
(415)461-

Distributors for a variety of tropical hardwoods harvested 
by the Yanesha Coop, a small Peruvian cooperative using 
natural forest management practices.
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DIVISION 6: WOOD AND PLASTICS

Section Application Product/System Manufacturer/Distributor Comments
06200 Finish Carpentry: Hardwoods managed from 

plantations.
Hardwood Mount Storm 

7890 Bell Road 
Windsor, CA 95492 
(707) 838-3177

Distributors for a variety of tropical hardwoods harvested 
by the Yanesha Coop, a small Peruvian cooperative using * 
natural forest management practices.

06200 Finish Carpentry: Hardwoods managed 
from plantations.

Hardwood Woodworkers Supply 
5402 South 40th St. 
Phoenix, AZ 85040 
(602) 473-4415

Distributors for a variety of tropical hardwoods 
harvested by the Yanesha Coop, a small Peruvian 
cooperative using natural forest management practices.

06200 Finished Carpentry: Recycled Lumber. Domestic lumber Wild Iris Forestry 
PO Box 1423 
Redway, CA 95560 
(707) 923-2344

Domestic lumber from sustainably managed forests. In 
collaboration with The Institute for Sustainable Forestry 
also of Redway, CA.

06200 Finish Carpentry: Trim products. Jam, Moulding 
and other trim 
products.

Contact Lumber 
1881 SW. Front Ave 
Portland OR 97201 
(800) 547-1038

Made from thin veneers of finish wood laminated over a 
core of finger-jointed lumber. Provides both an efficient use 
of wood fiber and an alternative to solid wood trim.

06200 Finish Carpentiy: Wood/Resin composite. 
Used for door subsills (currently available 
only to window and door manufacturers).

MOISTURE-
SHIELD

Advanced Environmental Recycling 
Technologies 
Junction, TX 76849 
(915) 446-3430

composite of recycled wood fiber and recycled 
polyethylene. Made to custom specification sizes. Suitable 
for finish work and is weather and rot resistant.

06300 Wood treatment: Preservative and fire 
retardant.

AFM flame AFM Enterprise, Inc. 
1140 Stacy Court 
Riverside, CA 92507 
(714) 781- 6860

AFM flame retardant treatment and preservative for wood 
shingled roofs and new wood.

06300 Wood treatment: Preservative and Insect 
treatment.

AURO Sinam Co.
PO Box. 857 
Davis CA 95617 
(916) 753-3104

AURO boric acid wood preservative against fungus and 
insects. No petroleums or plastic ingredients.

06400 Architectural work: Fiberboard for exterior 
trim applications.

TRIMCRAFT Temple-Inland Forest Products

Diboll, TX 75942 
( )

Wood fiber-resin composite. Stable, factory-primed.
Comes in 16' lengths, 3/4" thickness, widths from 4" to 12".

06500 Structural Plastics: Lumber made from 
recycled plastics. Used by manufacturers for 
site furnishings.

TRIMAX Trimax 
2076 5th Ave. 
Ronkonkoma, NY 11779 
(516) 471-7777

100% curbside HOPE with fiberglass for strength. Claims 
equal in strength to Yellow Pine No. 2, ASTM 198 testing 
standard. Can be worked with conventional tools and 
fasteners.
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DIVISION 6: WOOD AND PLASTICS

Section Application Product/System Manufacturer/Distributor Comments
06500 Structural Plastics: Lumber made from 

recycled plastics ( non-lumber applications: 
Picnic tables, park benches, decking material, 
fencing, etc.)

Plastic lumber Rivenite Corporation 
6121 Highway 98 North 
Lakeland, FI 33809 
(813) 858-8299

Typical lumber sizes. No added chems or toxins used in 
production.

06600 Plastic Fabrications: Interior finish concrete. 
Used in table and countertops, sinks, tub 
surrounds, tile flooring, site works and 
furniture.

SYNDECRETE Syndesys
2908 Colorado Ave 
Santa Monica, CA 90404 
(310)829-5641

Lightweight precast concrete surfacing material. Contains 
flyash, natural minerals, and waste poly fiber for 
reinforcing. Aggregates can be added to vary the texture 
and appearance.

06600 Plastic Fabrication. Solid sheet 
plastic

Laminations, Inc. 
PO Box. 2021 
Scranton, PA 18501 
(800) 368-5002

Claim 15%-100% post consumer/post industrial recycled 
component (varies according to color). Possible to use as 
partitions.

06110 Woodframing: E n gineered  W ood  
Fram ing.

P O W E R
B E A M
lam inated
structural

A nthon y  F orest P roducts  

P O  B ox  1877  

E l D orad o  A Z  71730  

(800) 221-2326

C om p osite  m ade from  h igh  strengh  lum ber. C an  be  
used for h eaders, floor or ro o f beam s. 12%  m oisture  
conten t. B eam s are m anu factu re w ith  Camber. A lso  
d istrib uted  by  G eorgia  P acific .

06250 Prefinished Wood Paneling: R esidentia l or 
C om ercial w alls, cab in etry , m illw ork, and  
other in terior fin ishes and  furnish ings.

E C O  P A N E L A rch itectura l F orest E n t  

1030 Q u esad a A ve.

San F rancisco C A  94124  

(415) 822-7300

V en eer o f  certified  su sta inab ly  m anaged  h ardw ood  
over a su bstra te o f  M ed ite  II or G ridcore.
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DIVISION 7: THERMAL AND MOISTURE PROTECTION

Section Application Product/System Manufacturer/Distributor Comments
07100 Waterproofing. Fluid applied 

waterproofing
AFM Enterprise, Inc. 
1140 Stacy Court 
Riverside CA 92507 
(714) 781-6860

Paints for sealing concrete, masonry, wood, and metal.

07100 Waterproofing. TUFF-NDRI
membrane
waterproofing

Owens Coming Fiberglass 
Fiberglass Tower 
Toledo, CA 43659 
(419) 248-8000

Consists of a polymer-modified asphalt membrane and a 
semi-rigid Pink Fiberglass insulation board.

07190 Vapor retarder KSHIELD
FOIL,
DENNYFOIL

Nontoxic Environments 
6135 NW Mountain View OR. 
Corvallis, OR 97330 
(503) 745-7838

Kraft paper products laminated on both sides with 
aluminum foil. Claim chemical free.

07200 B u ild in g  In su la tion : W alls and roofs. K C  P anel K C  P anels Inc.

2110  E ast 14th S treet 

T u cson , A Z  85719  

(520) 629-0118

S tructural in su lated  panels w ith  u reth ane foam  core  
and O SB  faces. T & G  jo in ts . R -27  or R  41.

07200 B u ild in g  In su la tion : W alls and roofs and  
floors.

E -P A N E L T radew est E -panels  

1120 P ep p er D r., S u ite  141  

E l C ajon , C A  92021  

(619) 562-6971

E P S foam  boun ded  to guge ga lvan ized  steel fram es. N et  
R -15  for 3 1/2'+ and  R -23  for 5 1/2" . P anels jo in  in  
sh ip lap  w ith  screw s. M eta l tops and  bottom  channels or  
w ood  plates can  b e used .

07200 B u ild in g  In su la tion : W alls and roofs. R -C O N T R O L P rem ier B u ild in g  System s  

3434 W est P apago  

P hoenix , A Z  85009  

(800) 240-6691

R  valu es from  14.88 to 44.71 at 75 degrees. E P S core  
con ta ins no C F C 's, H C F C 's or form aldehyd e. P anels  
n ot affected  by m oisture or tem perature. W ill n ot tw ist, 
w arp , or su bject to  racking.

07210 Building Insulation. ENERWOOL Bradford Enrecon

Danville WA 99121 
( )

Made from mineral slag. R-3.4 per inch. Settle density: 1.9 
lb per cuft. Claims to tested to 2115 degrees F and to be 
non corrosive.

07210 Building Insulation: Board. AMOFOAM-
RCY

Amoco Foam Products Co. 
375 Northridge Rd.
Atlanta GA 30350 
(800) 241-4402

Recycled polystyrene insulation. Claims a minimum of 50% 
recycled material, both preindustrial and postconsumer. 
Amoco uses no CFC's, and is exploring alternatives to 
HCFC's for blowing agents. R-5 per inch.

07210 Building Insulation: Cotton Insulation. INSUL-COT Cotton Unlimited, Inc. 
PO Box. 495-3511 
Post, TX 793556 
(800) 495-3511

Cotton/polyester insulation. Fibers are non irritating, 
(chemical insect and rodent repellents, and fire inhibitors 
might be a problem for chemical sensitive) R-3.2 per inch 
at 0.42 pound density.
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07210 Building Insulation. . F iberglass 

Insu lation  from  
recycled  
m aterial

Schuller In tern ational, Inc. 
PO  B ox  5108  
D enver, Co 80217  

(303) 978-2785

M an u factu rer o f  fiberglass in su lation , in clu d ing  batts, 
blankets, board and loose fill. C laim s 20%  to 30%  post
con su m er recycled  glass con ten t.

07210 Building Insulation: L oose fill insulation . IN -C ID E In -C id e T echnologies  

50 N orth  41st A ve. 
P hoenix , A Z  85009  

(800) 777-4569

M ad e from  recycled  n ew sprin t. A va ilab le  for loose-fill 
or spray ap plications. R -3 .6  per Inch . C laim s to be the  
on ly  E P A -app roved  pest con trol in su lation .

07210 Building Insulation: Cellulose. Loose-fill Regal Industries, Inc. 
RR#1, Box 46 
Crothersville, IN 47229 
(812) 793-2214

Cellulose.

07210 Building Insulation: Sprayed Insulation. CELBAR International Cellulose 
PO Box. 540006 
Houston, TX 77245-0006 
(800) 444-1252

Made from recycled newsprint. R-3.8 per Inch. UL listed.

007220 Roof and Deck Insulation: Roof board 
insulation.

SEALSKIN International Permalite, Inc. 
300 N Heaven Ave.
Ontario CA 91761 
(714) 983-9591

Made from expanded perlite, recycled cellulose binders and 
waterproofing agents. Thickness from 3/4" to 4", various 
widths. R-2.78 per inch. Other roofing boards, cants and 
edge strips of the same material.

07300 Shingles and Roofing Tiles. M A XI-TELE,
M A X I-SL A T E ,
M A X I-S H A K E

M axitile  Inc.
17141 S. K in gsv iew  A ve. 

C arson  C A  90746  

(800) 338-8453

F ib er cem en t roofing  m aterials con sistin g  o f  portland  
cem ent, silica  and cellu lose fiber. C onta in s no asbestos, 
and  claim s w ith stan d  extrem e w ea th er  con d itions. 
T ransferab le 50-year lim ited  w arranty .

07300 Shingles and Roofing Tiles. Certain Teed 
PO Box. 860 
Valley Forge, PA 19482 
(800)345-1145

'

07300 Shingles and Roofing Tiles. EUROSLATE, 
SOUTHERN- 

SLATE, & 
BEAVER

FiberCem Corp.
PO Box. 411360 
Charlotte, NC 28241 
(800) 346- 6147

Strong durable combination of organic fibers, cement, 
silica, water and additives. Used in ReCraft 90 demo house, 
Missoula, MT.

07300 Shingles and Roofing Tiles. M etal sh ingles R T S C om pany

San D iego  C A  

(619) 696-0102

Steel or a lum inum  sh ingles w ith  m ore than  60%  
recycled  conten t. M ost such  m eta l are m ade from  
in du stria l rem elt.
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07300 Shingles and Roofing Tiles. Recycled Asphalt Roofing Mfrs. Assoc. Recycling service for builders to be started "within a few

roofing. 6288 Montrose Road 
Rockville, MD 20852 
( )

months". Fine Homebuilding, 9/91.

07300 Shingles and Roofing Tiles, M ET-TDLE M et-T ile Z inca lum e steel w ith  stucco em bossed  fin ished . E ig h t

P O  B ox  4268 colors. Includes a one-m ill th ick  b acker coat for

O ntario  C A  91761  

(909) 947-03  11

w eath er  resistam ce.

07300 Shingles and Roofing Tiles. C A L SH A K E , C aliforn ia  Shake C orporation M ad e from  cem ent, perlite, sin th etic  iron oxides,
C A L SL A T E . P O  B ox  2165 syn th etic  p o lyester fiber, recycled  cardboard .

Irw indale C A  91706-2165 R ela tively  h eavy  roofing  m aterial. O n ly  sold  in the

(818) 812-9085 S unbelt. N ew  or reroof ap p lica tions on sloped  roofs.

07310 Shingles and Roofing Tiles: Metal R ecycled A tas In tern ationa l Inc. N in e roofing  system s can b e installed  over ex isting  ro o f
roofing. 4559 F ederal B lvd . w ith o u t rem oving  old roofing. M an u factu red  from

San D iego C A recycled  m etals. L igh tw eigh t reduces th e  need  for a

: (619) 696-0102 h eavy  superstru ctu re below . 25 -year w arranty .

07400 Manufactured Roofing and Shingle: F iber- H A R D IT E X , Jam es H ard ie B u ild in g  P rod . F ib er-cem en t com p osite  panels. A ltern ative  to stucco.
cem ent B u ild ing  Panels. H A R D IP A N E L W aterproof, fire-resistan t, includes post-cop^qm er

, A N D M ission  V iejo  C A recycled  n ew sprin t.
H A R D ISO F F I ( )

07400 . Manufactured Roofing and Shingle: WALL Barrier Systems Engineered "I" studs and an integrated rigid insulation
Manufacture wall panels. ■ PO Box. 346 system to minimize insulation brakes and infiltration losses.

Canastota NY 13032 Tested to R-34 (according to manufacturer). Replaces
(315) 679-7224 conventional framing and reduces labor costs.

07400 Manufactured Roofing and Siding. Manufactured AFM Enterprise, Inc. Wall or roof panel constructed with EPS foam-core
Wall Panels. PO Box. 246 between two OSB facing. Five standard sizes provide R-

- Excelsior MN 55331 14.88 to 44.71 at 75 degrees. Panels are stable and contain
(800) 255-0176 no CFC’s, HCFC’s or formaldehyde.

07400 Manufactured Roofing and Siding. Manufactured Bellcomb Technologies Interlocking phenolic impregnated kraftpaper honeycomb
Wall Panels. 70 North 22 Ave. panels that can be faced with different materials. R-6 for 5

Minneapolis, MN 59411 
(612) 521-2425

1/2" panel. For floors, walls, and roofs.

07400 Manufacture Roofing and siding. Manufactured Futurebuilt, Inc. Expanded polystyrene core between two structural wafer
Wall Panels.

Wimberley, TX 78676 
(512) 847-5721

board stress skins. For floors, walls and roofs. R-15-24 
depending upon thickness.
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07400 Manufactured Roofing and Siding. TUPS Homosote Co.

Box 7240
West Trenton NJ 08628 
(800) 257-9491

Stress-skin panels designed as insulated structural, load 
bearing systems. Homosote board with isocyanurate foam 
core. Top and bottom plies from 100% recycled newsprint. 
4" panel/R-20.6. 5" panel/R-29.

07400. Manufactured Roofing and Siding. Metal Roofing Classic Products

Piquia Oh 45356 
(513) 773-9840

Aluminum roofing formed to imitate wood shakes. 100% 
recycled content from beverage can aluminum.

07400 Manufacture Roofing and siding. Plastic roofing 
- - panels:

Nailite International 
1251 NW 165 Street 
Miami FL 33169 
(800) 624-5483

NAILITE shake roofing panels are made from recycled 
plastic, NORYL resins from GE. Very lightweight. Meets 
ASTM E 108-83 class C UL flame retardance requirements 
(according to manufacturer).

07500" Membrane Roofing. ■ EPDM Roofing Resource Conservation Tech. 
2633 North Calvert Street 
Baltimore MD 21218 
(301)366-1146

Custom fabricated roof system with better quality control 
of seams, and easier installation than standard EPDM 
roofing systems according to manufacturer..

07700 R oof Specialties and Accessories: A ttic  
ventilators.

A D O  attic  
ventila tion  
chutes.

G reenstone Industries P h oen ix  

390 E ast R ailroad  

P hoenix , A Z  8225  

(602) 963-4551

A ttic  ven tila tion  chutes m ade from  recycled  
polystyrene. S izes 11", 14", 22" . M a y  be installed  w ith  
staples.

07700 Roof Specialties and Accessories: Attic 
ventilators.

ADO Products 
7357 Washington Ave. S. . 
Edina, MN 55439 
(800) 666-8191

Attic ventilation chutes made from recycled polystyrene. 
Sizes 11", 14", 22". May be installed with staples.

07800 Skylights THESunPipe The SunPipe Company, Inc 
P.O.Box 2223 
Northbrook IL 6065 
(708) 272-6977

13" diameter aluminum pipe (fits rafters and joists), lined 
with highly reflective film (3M product). Brings natural 
light down through attic into living areas of home.

07900 Joint Sealers: C aulk  and putty . A U R O Sinam  C o.

P O  B ox  857  

D avis C A  95617  

(916) 753-3104

N atu ral-b ased  cau lks, p u tties and sealers. N o  
petroleum s or p lastic ingred ien ts.
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08200 Wood and Plastic Doors. Doors SteelcrafVPerma-door 

9017 Blue Ash Raod 
Cincinaty, OH 45242 
(404) 497-2000

Fberglass door with composite core construction of 
insulating urethane and T-37 honeycomb subdtrate. 25 year 
warranty. Optional steel and wood veneer.

08200 Metal Windows: Aluminum windows VISIONWALL Visionwall Technologies 
12332 149 St.
Edmonton, Aberta T5V1G9 CAN 
(403) 452-4000

Thermally-broken aluminum casement window with two 
panes of low E film between two layers of clear glass. Air 
spaces filled with air -no argon. It claims the highest overall 
R-value on the American market, about 6.3.

08200 Wood and Plastic Doors: Fiberglass doors. COMFORT
LINE

Winter Seal Vinil 
500 Fassett Street 
Toledo, OH 43605 
(419) 691-3517

Fiberglass doors, vinyl windows and fiberglass reinforced 
composite windows. Low-E glass available in all door lites 
and windows.

08600 Wood and Plastic Windows R E N E W A L
replacem ent
w indow s

A nderson  C orporation  

100 F ourth  A ve.

N orth  B ayp ort, M N  55003  

(800) 226-6619

E xtruded  hollow  fram es m ade from  a saw d u st and  
recycled  P V C  p lastic com p osite  (A nderson 's ow n  
m anu factu ring  scrap). M ore d im ensionally  stab le than  
vinyl. E xp ansion  C oef. G reater than  fiberglass.

08600 Wood and Plastic Windows IN T E G R IT Y M arvin  W in d ow s and  D oors  

P O  B o x  100  

W arroad , M N  56763  

(800) 862-7587

A vailab le  w ith  low -E  g lazing  and  argon gas fill. T hey  
have U  va lues o f  .30  to  .28 d ep en d in g  on th e  style. 
C R B T  used  th is p rod uct on T im b er-T ech . A va ilab le  in  
T ucson.

‘
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09050 Adhesives Adhesive AFM Enterprise 

13660 Excelsior Drive 
Santa Fe Springs, CA 9070 
(800) 397-4583

Natural adhesives for a range of building maaterial 
applications.

09200 Lath and Plaster: Fiberboard. PanTERRE PanTERRE America, Inc.

Washington, DC 
(703) 247-3140

Panels are made from a mixture of waste paper and 
agricultural fiber. Nearly 100% recycled content. This is a 
licensing organization working on funding for US plant.

09200 Lath and Plaster: Gypsum Board. FffiERBOND Louisiana-Pacific 
111 SWFifth Ave. 
Portland,OR 97204 
(503) 221-0800

Fiber-reinfored gypsum wall board manufactured from 
recycled newspapers, gypsum and Perlite (expanded 
mineral aggregate). Available In both 1/2" and 5/8" 
thickness.

09200 Lath arid Plaster: Gypsum Board. GYPROC Domtar Gypsum 
PO Box 543 
Ann Arbor, MI 48106 
(313) 930-4700

Contains up to 10% recycled scrap wallboard and up to 
100% byproduct gypsum. Facing paper is recycled 
newspaper and corrugated cardboard.

09200 Lath and Plaster: Plaster/Join Compounds. AFM, MURCO, 
AURO, LIVOS

Non-toxic Environments 
6135 NW Mountain View DR. 
Corvalis, OR 97330 
(503) 745-7838

natural plaster compounds for joining, pathcing and 
texturing most absortant wall surfaces.

09300 Tile: Ceramic tile. Ceramic tile. AFM Enterprise, Inc. 
1140 Stacy Court 
Riverside, CA 92507 
(714) 781-6860

Natural-based grouts, seals and adhesives.

09300 Tile: Ceramic tile. TRAFFIC
TILES

Ludowici Stoneware 
1650 Progress DR. 
Richmond, IN 47374 
(317) 935-4760

Manufactured with over 70% recycled auto-windshield 
glass. High density limits moisture absorption: extremely 
resistant surface (does not require coatings and is resistant 
to frost, and temperature extremes).

09400 Terrazo: Precast. SYNDECRETE Syndesis
2908 Colorado Ave. 
Santa Monica, CA 90404 
(310) 829-9932

Lightweight precast concrete surfacing material used in 
table and countertops, sinks, tub surrounds, tile flooring, 
site works and furniture. Contains flyash, natural minerals 
and waste polyfiber for reinforcing..

09500 Acoustical Treatments: Acoustical 
Insulation.

SOUND-PRUF American Sprayed Fibers 
1550 East 91st Dr. 
Merrilvile, VA 46410 
(800) 824-2997

Sparyed-applied, made from rock wool and cellulose and a 
liquid adhesive.
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09550 Wood Flooring. Reclaimed wood 

flooring
Albany Woodworks

Albany, LA 70711 
(504) 567-1155

Longleaf heart pine wood flooring remilled from 
dismantled pre-1900 buildings.

09600 Stone Flooring; Precast. SYNDECRETE Syndesis
2908 Colorado Ave. 
Santa Monica, CA 90404 
(310) 829-9932

Lightweight precast concrete surfacing material used in 
table and countertops, sinks, tub surrounds, tile flooring, 
site works and furniture. Contains flyash, natural minerals 
and waste polyfiber for reinforcing..

09650 Resilient Flooring. Tile and sheet 
flooring

Ticor Tile 
PO Box 1285 
Yougstown, OH 44501 
(800) 241-1788

Resilient flooring made from recycled rubber.

09650 Resilient Flooring: Tile flooring. ECO-TILE Mars Inc.
PO Box 916 
Braintree, MA 02184 
(800) 628-7462

100% recycled interlocking PVC tile. Looks like the rubber 
flooring with the circle bumps. Dovetail tile interlocking 
system provides monolythic, stable loose-laid floor that can 
be installed with unskilled labor.

09680 Carpet Carpet Carousel Carpet Mills 
1 Carousel Lane 
Ukiah,CA 95482 
(707) 485-0333

Natural fiber carpets.

09680 Carpet: Underlayment. Hendrickson Naturlich 
8031 Mill Station Road 
Sebastopol, CA 95472 
(707) 829-3959

From recycled materials

09680 Carpet Carpets and 
mgs.

Dellinger, Inc.
PO Drawer 273 
Rome, GA 30162-0273 
(706) 291-7402

Custom made cotton pile carpets and rugs.

09680 Caipet: Underlayment. 440 CB, and 
COMFORT- 
BASE

Homosote Co.
Box 7240
West Trenton, NJ 08628 
(800) 257-9491

Manufactured from 100% recycled paper. Treated to 
protect against termits, rot, and fungi.

09900 Painting: Paint cleaners. CLEANSAFER Savogran 
259 Lenox Street 
Norwood, MA 06062 
(800) 225-9872

Removes both oil and latex paint from brushes. Slightly 
flamable according to OSHA guidelines. Available at 
Servistar or other hardware store.
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09900 Painting: Paints. CRYSTAL

SHIELD
Pace Chem Industries Inc. 
779 La Grange Ave. 
Newbury Park, CA 91320 
(805) 499-2911

Claims to be a chemically safe, non-toxic latex paint.

09900 Painting: Paints. AURO Sinan CO.
PO Box 857 
Davis, CA 95617 
(916)753-3104

Full line of natural based paints. No petroleums or plastic 
ingredients.

09900 Paintings: Paints. Paint Murco Wall Products, Inc. 
300 NE 21st Street 
Forth Worth, TX 76106 
(817) 626-1987

Low odor, no fungicide premium quality paint. In high 
moisture areas ( i.e. bathroom) mildew growth may 
increase.

09900 Painting; Paints and Stains. LIVOS AND 
BIOSHIELD

Livos Plantchemistry 
1365 Rufina Circle 
Santa Fe, NM 87501 
(505) 438-3448

Paints and wood finishes are reported to be appropriate for 
allergy-prone and chemically-sensitive people. LIVOS line 
conatain a biodegradable synthetic solvent. BIOSHIELD 
made from all-natural materials.

9900 Painting: Paints and Stains. Paints and 
stains.

AFM Enterprise, Inc. 
1140 tacy Ct. 
Riverside, CA 92507 
(714)781-6860

Manufacturer of a complete line non-toxic paints, sealers, 
cleaners, waxes, adhesives, stains and finishes for both 
residential and commercial use.

09970 Wall Coverings: Wallpaper. COVER AGE CoverAge Inc.
PO Box 8498 
Warwick, R I02888 
(401)738-1197

Paintable texture wallpaper made entirely of recycled paper 
(at least 60% post consumer) and waste wood chips. 
Company does not reveal the primer, but guarantees no 
formaldehyde.

09200 Adobe Finish A dob e C ulhan e C ontracting  

7300 S add le R oad  

P rescott, A Z  86301  

(520) 778-3496

A ll types o f  ad obe m asonry  and p laster.

09200 Adobe Finish A d ob e San T an  A d o b e  Inc. 

5931 Q u ail T rail 
Q ueen  C reek , A Z  85242  

(602) 895-0087

Q u ality  stabilized  ad obe. S izes ava ilab le  in clu d e  
8X 4X 16" , 10X 4X 14" , and 4X 4X 14" . A d o b e  repel.

09500 Acoustical Treatment: In terior  p artitions, 
suspended ceilings, core for doors, 
m aterial furniture.

P A C IF IC B iofab

P O  B o x  990599  

R ed d in g  C A  96099  

(916) 243-4032

C ereal grain  straw  panel prod uct. C om p any  offers 
clips, tape, and nails for panel. P G B  can be faced  eith  
kraft p aper or o th er prod ucts, d ep en d in g  on  in tended  
use.
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09901 Painting E -C O A T E -coat R ecycled  P a in t P roducts M ad e from  50-80%  p ost-con su m er collected  la tex

recycled latex 5101 R aley B lvd . paint. P rim ary su pp lier i f  in terior/exterior fla t/low

Sacram ento C A  95838 sheen  recycled  la tex  p a in t to  federal agencies

(916) 921-0165 n ation w ide.

09540 Special Wall Surfaces: In terior partitions G ridcore panel G ridcore H on eycom b -sty le  can  be m ade from  up to 100%
and furniture. 1400 C anal A ve. recycled  cellu lose fiber. P anels are m olded  as slurry and

L on g B each  C A  90813 w ater is vacu m m ed  ou t to p rod uce a strong,

(310) 901-1492 ligh tw e ig h t panel.
09550 Wood Flooring: B am b oo substitu te for B am boo B am boo F looring  In t. C orp. L am in ated  cen ter T & G  p lank  bam boo flooring.

harw ood flooring. 20120 P aseo del P rado S u ite E N atural b am boo or carbon ized  color. C an be nailed  or

W aln ut, C A  91789 glued . P rod uct im ported .

(909) 594-4189
09650 Resilient Flooring: A ll areas o f  hom e, or N atural H endricksen  N . F looring N atu ral linoleum  an d  cork  flooring. S isal, ju te , and

com m ercial use. linoleum PO  B ox  1677 seagrass rugs and carpets. D urab le natural fiber w ith

S ebastopol, C A  96473 low  toxicity .

(800) 824-0914
09550 Wood Flooring: B am b oo  su bstitu te  for B am boo Sm ith  and F on g  Co. P lyboo T & G  flooring  from  lam in ated  dried bam boo

harw ood flooring. 222 1/2 W in field  S treet strips. M ateria l grow n in m anaged  forests in C hina.

San F ran cisco , C A  94110 F ast grow ing. P lan t con tinu es to send  up new  shoots as

(415) 285-8230 n ature steem s are h arvested .

09300 Tile: Specialty  floor accen t or w all tile. Glass tile O cean sid e G lasstile S tu d io -p rod uced  tile  m ade from  85%  post-con su m er

3235 T yler St. recycled  glass, p lus th e  com p any's reused  in -h ou se

C arlsbad , C A  92008 scrap.

(619) 434-0051
09680 Carpets: A reas o f  h om e and com m ercial N atural w ool H endricksen  N . F looring C an be in stalled  w all to  w a ll or used  as area rugs.

use. carpet P O  B ox  1677 D urab le , renew able n atural fibers w ith  low  tox icity .

S ebastopol, C A  96473

(800) 824-0914
09682 Carpet Cushion: H eavy  duty com m ercial P IN N A C L E , C arpet C ush ion  A ssociates A ll cush ion  conta in  100%  recycled  m aterials and can

D U R A , A N D 1248 P alm etto  St. be recycled  again . P in acle  is 100%  polyester. D ura
U L T IM A T E . L os A ngeles , C A  90013 conta ins 92%  recycled  rubber tire  tread. U ltim ate ,

(800) 244-6977 m ade from  n atural fib er  coated  in  corn  based  polym er.

09682 Carpet Cushion: Heavy duty residential C arpet cush ion R eliance C arp et C ush ion P rovides R -l .9 5 -2 .1 8 . B on d ed  w ith o u t ch em ical
and commercial carpet cushions. 1614 C am pbell S treet ad ditives.

O ak land, C A  94607

(510) 893-7687

Master's Report: Case Study on Sustainable Design in Tucson, Arizona



APPENDIXD: RESOURCE-EFFICIENTMA TERIALS AND PRODUCTS 143
DIVISION 9: FINISHES

Section Application Product/System Manufacturer/Distributor Comments
09650 Resilient Flooring: H igh  traffic areas, 

indoor or ou tdoorw ays, stair landings, and  
docks.

R ecycled  
rubber flooring.

A lpha G ranite and M arble  

2303 M erced  St.
San L eand ro , CA  94577  

(510) 357-6140

M ad e o f  nylon  cord from  tires vu lcan ized  to rubber, 
fabric rein forced  b ack ing. It carries a five-year  
gu aran tee aga in st surface w ear.

09600 Stone Flooring: F or interior or exterior  
concrete. C an be used used as either  
pav ing  or flooring.

P avin g ,
flooring.

B om an ite  C orporation  

PO  B ox  599  

M adera , C A  93639  

(209) 673-2411

P aten e A rtectu ra  specia lized  coloring, pattern in g , 
tex turing  and fin ish ing  tech n iq u e for concrete. U sin g  a  
u niq uely  colored  con crete slab flooring  represents a 
m eans for sav in g  on m ateria l and  cost.

12690 Rugs and Mats: In terior -locker room s, 
exterior -pathw ays and stairs, w here non
sp lit surface is desireable.

M ats E agle O ne G o lf P roducts  

1201 W . K atella  A ye. 
O range, C A  92667  

(800) 448-4409

R ecycled  rubber safety  m atting . 100 % recycled  car  
tire  rubber.

■

<
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DIVISION 10: SPECIALTIES

Section Application Product/System Manufacturer/Distributor Comments
10100 Fireplaces and Stoves. Vermont Castings, Inc. 

Route 107, PO Box 501 
Bethel, VT 05032 
(802) 234-2300

Handsome wood and gas stoves, fireplaces, fireplace 
inserts and pellet stoves. Catalytic, highly efficient and 
clean buring. Hearth accessories available.

10100 Toillet Partitions: Recycled plastic 
toilletpartitions.

Santana Products, Inc. 
PO Box 2021 
Scranton, PA 18501 
(717) 343-7921

Manufacturer of recycled plastic toillet and shower 
compartments, vanity tops and locker room benches. 
Claims 50-90% recycled content.

10710 Exterior Shutters P oly-w ood T radew inds
3366 N orth  D odge B lvd . 
T ucson, A Z  85719  

(520) 881-0116

C uston  m ade ou tsid e  or in sid e shutters. P a in ted  and  
unp ainted . M oistu re  and fire resistan t. Insu lates up to  
3 tim es b etter than  w ood . E n vironm en ta lly  friend ly  
(recyclable). U v  stab ilized . D urable.
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DIVISION 11: EQUIPMENT

Section Application Product/System Manufacturer/Distributor Comments
11200 Water Supply and Treatment Ozone generator Card Air 

PO Box 580 
Mineral, VA 23117 
(703) 967-0003

11200 Water Supply and Treatment Ozone generator Aquazone Products Co.
79 Bond Street
Elk Grove Village, IL 60007
(800) 222-2703

Complete line of ozone generation equipment for 
purification of potable water and also swimming pools, 
spas, and hot tubs. Venturi and compressor-driven. High 
quality equipment.

11450 Residential Equipment Appliances Sun Frost 
PO Box 1101 
Areata CA 95521-1101 
(707) 822-9095

Ultra-low energy consumption. 115 VAC, 12 VDC and 24 
VDC refrigerator and/or frezzer models. Modern European 
styling; may be finished in real wood, as well as variety of 
designer colors.

11450 Residential Equipment Appliances Real Goods Tradings 
966 Mazzoni St. 
Ukia CA 95482 
(800) 762-7325

SERVEL propane and low-voltage efficient refrigerators.
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DIVISION 12: FURNISHING

Section Application Product/System Manufacturer/Distributor Comments
12525 Solar Control Film: For skylights, 

greenhouses and n on-v iew  w indow s.
W in dow  film S untek

6817 A cad em y P arkw ay E ast 
A lb uq uerq ue, N M  87109  

(505) 345-4115

T urn reflective w hen  it is tem perature activa ted , to  
block  90%  o f  solar heat. F ilm  turns clear w hen  
tem perature drops. Illum in ation  through  w in dow s  
stays a t a nearly con stan t level, and  is a lw ays d iffuse.
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DIVISION 13:

SPECIAL CONSTRUCTION
Section Application Product/System Manufacturer/Distributor Comments
13121 Pre-Engineered Structures Straw Bale 

Construction
The DC A Technology 
PO BOX 41144 
Tucson, AZ 85717

Straw bale structure builders.

13121 Pre-Engineered Structures Straw Bale 
Construction

Paul Weiner 
19 East Fifteen Street 
Tucson, AZ 85701 
(602) 792-0873

Straw bale structure builders.

13121 Pre-Engineered Structures Straw Bale 
Construction

DeHavillan
1039 East Linden Street 
Tucson, AZ 85719 
(520) 234-7265

Straw bale structure builders.

13600 Solar Energy Systems Photovoltaic
Collectors

Solar Electric Light Fund 
1739 Connecticut AveNW 
Washington, DC 20009 
(202) 234-7265

Non-profit organization promotes, brokers and facilitates 
solar rural electrification in developing countries.

13600 Solar Energy Systems Solar Hot 
Water.

Sage Advance Corporation 
1001 Bertelsen Street 
Eugene, OR 97402 
(503) 485-1947

COPPER CRICKET passive solar water heater. Clever 
design and projected long life balance high initial cost. 
(U.S. Forest Service has estimated at 30 years) No moving 
parts or outside power required.

13600 Solar Energy Systems Solar Hot 
Water.

Radco Products, Inc. 
2877 Industrial Parkway 
Santa Maria CA 93455 
(800)927-2326

Collectors, absorbers, pre-plumbed modules.

13600 Solar Energy Systems Solar Hot 
Water.

Zomeworks 
PO Box 25805 
Albuquerque, NM 87125 
(505) 242-5354

Components for solar hot water systems, especially 
thermosyphon systems. Also, trackers for photovoltaics 
and passive skylight insulation systems (SkyLid).

13700 Wind Energy Systems Wind Power 
Turbine

Bergey Wind Power Co. 
2001 Prietsley Ave. 
Norman, OK 73069 
(405) 364-4212

10 kW turbine suitable for residential, remote and water 
applications. 1.5 kW turbine suitable for remote and water 
pumping applications. Good equipment and reputation.
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DIVISION 14: CONVEYING SYSTEMS

Section Application Product/System Manufacturer/Distributor Comments

-

*
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DIVISION 15: MECHANICAL

Section Application Product/System Manufacturer/Distributor Comments
15250 Mechanical Insulation: Wrapping ducts, 

pipes, insulating crawl spaces and as vapor 
retarder.

Mechanical
Insulation

Reflectix, Inc.
PO Box 108 
Markleville, IN 46056 
(800) 879-3645

5/16" thick reflective insulation. The two outer layers of 
aluminum foil are separated by two inner layers of 
bubblepack. Each layer is further separated by a layer of 
polyethylene.

15440 Plumbing Fixtures: Composting toillets. Composting
toillets.

Clivus Multrum, Inc 
21 Canal Street 
Lawrence, MA 01840-1801 
(508) 794-1700

CLIVUS MULTRUM composting toillet systems for 
residences and larger projects.

15440 Plumbing Fixtures: Composting toillets. Composting
toillets.

Real Goods Trading 
966 Mazzoli St. 
Ukiah, CA 95482 
(800) 762-7325

SUN MAR waterless composting toillets utilize a turning 
drum to ensure effective aereation and sterilization. All 
units are fully aproved by the Canadian Ministry of the 
Environment.

15440 Plumbing Fixtures. Toillets Con-Tech Industries 
2780 Loker Ave West 
Carslbad, CA 92008 
(619) 438-5559

FUTURE FLUSH is a retrofit to existing toillets for lower 
flow. One mode releases 3.5 gallons, more solid waste; 
another releases only 1.5 gallons, more than adequate to 
move liquid waste and paper.

15450 Plumbing Equipment Waste Water 
Treatment.

Clivus Multrum, Inc 
21 Canal Street 
Lawrence, MA 01840-1801 
(508) 794-1700

Complete line of ozone generation equipment for 
purification of swimming pools, spas, hot tubs and also  ̂
potable water. Ventury and compressor friven models. |
High quality equipment.

15450 Plumbing Equipment Water Filtration 
Devices.

Ecological Water Products 
266 Main Street, suite 18 
Medfield,MA 02052 
(508) 359-5001

15450 Plumbing Equipment Water Heaters Rheem Manufacturing Co.
5780 Peachtree Dunwoody Rd, NE 
Atlanta, GA 30342 
(404) 256-2037

Polybutylene inner tank w/fiberglass outer tank. Urethane 
foam insulation. Electric model has R-25; Gas model has R- 
16. 5-10% more efficient than standard models. Various 
sizes, lifetime warranty.

15550 Heat Generation Boilers Eshland, Inc.
PO Box 8A 
Greencastle, PA 17225 
(717) 597-3196

Central wood gasifier boilers -can be obtained with oil, gas 
or electric backup. Over 80% efficiency. Could be used as 
central heater for a multifamily building.

15550 Heat Generation Boilers Trianco-Heatmaker, Inc. 
11 York Avenue 
Randolph, MA 02368 
(617) 961-1660

Innovative sealed combustion appliance providing hot 
water for heating and domestic use. High efficiency, 87% 
contributes to lower fuel use and lower Nitrous Oxide 
emmisions.
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DIVISION 15: MECHANICAL

Section Application Product/System Manufacturer/Distributor Comments
15750 Heat Transfer Air Conditioners Sanyo Air Conditioning prototype 3/4-ton, split air system with a 50-sfPV array.

21350 Lassen Street The PV panels are estimated to produce about half of the .
Chatsworth, CA 91311 900 Watts required to run the system at full capacity on a
(818) 998-7322 hot sunny day (less sun means fewer watts).

15750 Heat Transfer Air Conditioners Mitsubishi Electronics America Ductless minisplit air conditioners separate walls or ceiling
5665 Plaza Drive mounted terminal units and remote condensers to cool
Cypress CA 90630-6007 spaces without ductwork. Very quiet, moderately efficient;
(714) 998-7322 enable spaces to be cooled indiv.

15768 Solar Water System COPPER Sage Advance Corporation It uses solar technology. It uses non-toxic solutions in
CRICKET 1001 Bertelsen Rd. Solar Panels. Because of Geiser Pumping Action, requires

Eugene, OR 97402 no pump or electricity,
(503) 485-1947

15769 Heat Pumps: House heating and cooling TRANE SUPER Distribuitor in Phoenix SEER 14. It offers features suitable for desert environment.
EFFICIENCY (APS Environmental Showcase It is more effective than SEER 16.5 units on peak days

Home) durng the summer season.

15770- Heat Pumps: House heating, cooling, and INTERTHERM Nordyne Triple Function Heat Pump. It uses HCFC R-22, a
water heater. POWER 1801 Park Drive replacement for CFCs. Saves 80% enrgy over a typical

MOUSER St. Louis, MO 63146-6911 water heater. Air conditioning function is 20% more
(314) 878-6200 efficient than federal standards. Available in Phoenix, AZ.

15750 Heat Exchangers Heat Exchangers Earthstar Energy System GRAYWATER HEAT RECLAIMER is an insulated 50
PO Box 626 gallon tank with greywater inlet and outlet and a fresh
Waldoboro, ME 04572 water heat exchange coil. Manufacturer claims a 40%
(800) 323-6749 savings on average annual hot water bills.

15750 Heat Transfer Heat Recovery Conservation Energy Systems Residential heat recovery ventilation.
Ventilator PO Box 582416

Minneapolis MN 55488-2416
(800) 667-3717

15880 Air Distribution Air Purification Pace Chem Industries LIVING AIR air purification systems utilizing ozone and
779 S. Lagrange Ave. air ionization. No filters of forced air requirements.
Newbury Park, CA 91320
(805) 499-2911

15880 Air Distribution Filters Permaton Corp. Permanent, passive electrostatic filters. No ozone is
produced -less resistant to airflow median systems.

(312) 678-0314
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Section Application Product/System Manufacturer/Distributor Comments
16510 Interior Luminaires: Incandescent luminaires. Electronic light Lights of America 

611 Reyes Dr. 
Walnut, CA 91789 
(909) 594-7883

Michrochip technology provides amazing light output and 
energy savings with safe, cool-operating lights lasting 
around 16 timeslonger than conventional incnadescent 
bulbs. Flicker-free, silent and suitable for any climate.

16510 Interior Luminaires'.Incandescent 
luminaires.

TruSpectrum Full Spectrum Lighting 
27 Clover Lane 
Burlington, VT 05401 
(800)261-3100

Low-energy long life fittings that also provide healthy 
lighting.Bulbs last up to 4 times longer than conventional 
incandescents or flood bulbs. The company also produces 
compact low-energy full spectrum fluorescents.

16510 Interior Luminaires: Fluorescent luminaires. Instant Sun Verillux Corporation 
626 York Street 
Vallejo, CA 94590 
(800) 786-6850

Full spectrum fluorescent with built-in UV filtration. Ideal 
for home and work places. Often used by keen gardeners as 
plant house.

16520 Exterior Luminaires: Site Lighting. Three-shaded 
tier walklight

Intermatic 
Intermatic Plaza 
Spring Grove, IL 60081

Low-voltage outdoor light. Verdigrid finish to complement 
any garden design.

16502 Luminaire Accessories: Light Louvers. Light Boxes Ott Biolight Systems Inc. 
28 Parker Way 
Santa Barbara, CA 93101 
(800) 234-3724

Available from stockists nationwide, can actually improve 
indoor environment. Full spectrum light, radiation shielded, 
grounded and blocks radio frequency waves. Company also 
leader in biologically beneficial, full-spectrum, ergonomic
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To calculate your monthly mortgage payment covering principal and interest but not calculating taxes, insurance or other charges, multiply the cost per $1,000 
by the number of 1,000’s in your mortgage. For example, a $60,000 At 9 percent for 30 years, would be 60 x 8.05=$483.

% RATE 15 YEARS 20 YEARS 25 YEARS 30 YEARS

6.00 8.44 7.16 6.44 6.00
6.25 8.57 7.31 6.60 6.16
6.50 ' 8.71 7.46 6.75 6.32
6.75 8.85 7.60 6.91 6.49

7.00 8.99 7.76 7.07 6.66
7.25 9.13 7.91 7.23 6.83
7.50 9.28 8.06 7.39 7.0
7.75 9.42 8.21 ■ 7.56 7.17

8.00 9.56 8.37 7.72 7.34
8.25 9.71 8.53 7.89 7.52
8.50 9.85 8.68 8.06 7.69
8.75 10.00 8.84 8.23 7.87

9.00 10.15 9.00 8.40 8.05
9.25 10.30 9.16 8.57 8.23
9.50 10.45 9.33 8.74 8.41
9.75 10.60 9.49 8.92 8.60

10.00 10.75 9.66 9.09 8.78
10.25 10.90 9.82 9.27 8.97
10.50 11.06 9.99 9.45 9.15
10.75 11.21 10.16 9.63 9.34

11.00 11.37 10.33 9.81 9.53
11.25 11.53 10.50 9.99 9.72
11.50 11.69 10.67 10.17 9.91
11.75 11.85 10.84 10.35 10.10

12.00 12.01 11.02 10.54 10.29

(Source: Adaptedfrom Tucson Lifestyle 1996)
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