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ABSTRACT

This report is a documentation and description of the 

design process of Wolfberry Farm, a sustainable agriculture 

research facility for Prescott College. The process involves the 

analysis of the physical context, the Northern Arizona town of 

Chino Valley, focusing on climatic forces and available 

resources. The analysis helped generate a diverse range of 

potential solutions in terms of design, range of building 

materials, construction methods, and energy conservation 

strategies. Each of these was analyzed and tested using 

computer simulation where possible in order to determine their 

appropriateness.

Building materials were chosen for their thermal 

performance and appropriateness for self-build applications. 

Computer energy simulations were conducted to assess the 

effectiveness of passive solar strategies, focusing on heating 

applications due to that particular climate.

The findings of this investigation are presented in the 

form of a design for the residential facility at the farm. The 

documentation of the design process is meant to serve as a 

model for sustainable building practices to be used, improved 

upon, and added to over time by others.
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I. OVERVIEW

Wolfberry farm is to become an ecological agriculture 

research facility. The examination and demonstration of 

sustainable agriculture methods and practices is the main focus 

of the farm. Experiments in irrigation methods, native plants, 

drought tolerance, crop rotation, soil regeneration, and organic 

farming will be conducted at Wolfberry farm. Ecological 

agriculture is ultimately modeled after natural ecosystems, 

functioning within the local limits and resources of context and 

diversifying the range of solutions and responses to these 

forces.

The students 

and faculty of Prescott 

College as well as 

visiting experts and the 

local community will 

carry out these

Fig. 1.1 Mulching newly planted fruit trees. (Photo experiments. Wolfberry 
by author)

farm will provide a 

setting for the

experimentation, education, and demonstration of sustainable 

living practices.

In order to facilitate the achievement of these goals, 

Wolfberry farm structures will be composed of, an agroecology 

center, a residential facility for students and visitors, a green 

house, and ancillary structures to house equipment, tools, and 

materials. Each of these structures is described in detail in the 

following section.

Principals of sustainability will extend to the built 

structures on the site. The buildings shall demonstrate the use 

of ecologically sound building materials, energy conservation

strategies, rainwater 

harvesting methods, 

and resource 

ljg | conservation.

Permaculture systems 

that demonstrate the 

importance of plants to 

architecture as 

microclimate modifiers

Fig. 1.2 Tim watering vegetable garden 
(Photo by author)
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and building materials will be explored. The center shall 

generate most of the energy consumed on site using 

photovoltaic panels.

This program will focus on the planning and design 

criteria of these structures and the adjacent outside spaces. A 

detailed design and analysis of the residential facility will serve 

as a demonstration of how the principals and criteria of 

sustainable design can be applied.
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Wolfberty Farm 
Prescott College 
Agroecology Center 
Chino Valleys AZ
Site Plan Concept Study
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Fig. 1.3 Schematic Site Plan of Wolfberry Farm by 
Steve
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II. LAYOUT AND ORGANIZATION

The structures will be clustered to partially enclose 

outside gathering spaces, taking advantage of the natural forces 

of wind, sun, rain, and landscape to create a rich and 

comfortable environment. Outdoor spaces will be designed to

accommodate groups of various sizes, and will be organized in 

a sequence from public to private. Indoor gathering spaces will 

have strong relations to the outside through views, and 

accessibility. Vehicular access will be minimized and limited 

to service vehicles in order to reduce site disturbance.

RE5I?£MTlftl auwZTEKI,
I . H K r b m  
Z. e tu i** '.
S.IWH4
4.MW0M
vewniwm

ASKDEGOlOa CENTER 
va*!6*00M1XMMMKOIR 
j-CCMMOki 
* .u » « A * r  
1. SttlM WiR*
4.e*«K«>«
X  STOItM.C
j .s a o

10. e w t <i  c o iu tn A n t

Fig. 1.4 Site plan by author
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1. AGROECOLOGY CENTER

This is the major structure on the site and will house 

the academic facilities. Students and faculty of agroecology 

conducting research in this field, will be the primary users of 

the building. It will also provide spaces for public events, 

lectures and meetings for Prescott College and the Chino 

Valley community in order to encourage their participation in 

the activities taking place at the farm. The agroecology 

building will serve as an orientation center for visitors of the 

farm where they will be given an explanation of the purpose 

of the farm and its 

organization. An 

attached greenhouse 

will be used to 

provide a controlled 

environment for 

plants, and will serve 

as a heat source and 

gathering space for 

the building.

I____:

----------- :———-------
s e e .  ■cd:o-| upTn| ;::z:
b an k  ■ C=Z==ZZ=ZlDQi  i  =
STORAGE H ■ LIBRARY

------------1 l a b o r a t o r y I common s p a c e  ■ c l a s s r o o m  e,1. 1

---- Ln
jr BBEZZZjflBBfe I diwJrili._WUMZZ3

GREEN HOUSE

.  1 7 - -6 ' J ,  6 I - -0 -
1 '-4

AriRnrrni nny r.FNTFR HRmiKin i r v r i
0 5  10 15

Fig. 1.6 Agroecology Center plan by Author.

AGROecoiOCY cew re*
Fig. 1.5 Agroecology Center diagram by Author.
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a. Classroom /meeting space: 20 people, SOOsqft

This space is for lectures, discussions and meetings. 

The classroom should depend primarily on natural 

indirect light, which minimizes shadows and contrasts 

and is therefore conducive to reading and writing. 

Natural ventilation is also important for this space.

An adjacent outside space will be accessible from the 

classroom that can be used under good weather 

conditions.

b. Laboratory: 6 people, SOOsqft

Research experiments and tests will be conducted in 

the laboratory. The environment should be controlled 

and regulated, possibly with mechanical backup. It 

will house equipment, two utility sink basins, and an 

equipment storage space. The lab should be adjacent 

to the attached greenhouse and will have outside 

access for service.

c. Library: 10 to 20 people /  400sqft

The library shall hold reference material for the 

center, and will be open to all. Natural lighting is 

important for the library. Quiet reading spaces and 

desks for small groups will be provided. The library 

should also provide access to an adjacent outside 

shaded space for reading.

d. Common space: 20 people, 200 sqft

This will be an indoor gathering space, adjacent to the 

attached greenhouse. Meetings, receptions and , 

discussions will take place in this area. The common 

space will receive direct sunlight and have views to 

the outside. Movable furniture will be used to 

accommodate different functions.

e. View deck: 10 people, 150 sqft

With a view of the farm, the deck will be on the 

second level. It will be used for visitor orientation as 

well as an outside gathering space for small groups. 

The deck will be partially shaded by a trellis.
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be a pleasant gathering space particularly during the 

winter.

j. Restrooms: 120sqft

Low flow flushing tanks or composting toilets will be 

used to minimize water use. This will serve as a 

demonstration of water and resource conservation.

h. Seed bank: lOOsqft

The seed bank is for the storage of seeds to be planted 

at the farm. New seeds as well as seeds gathered after 

harvest will be stored here for the following season.

This will be a cool, dark environment, with moisture 

control.

i. Greenhouse: 10 people, 300 sqft

The green house will be attached to the center, 

adjacent to the lab and classroom. It will be used for 

seed germination, nursing and experimenting with 

environmental factors. The greenhouse will also serve 

as the primary source of heat for the building, and can

f. Offices: 3 offices for 1 or 2 people, 200 sqft each

Offices will be for one or two faculty members. They 

should be private spaces, possibly on a second level.

g. Storage: 100 sqft

For equipment, should be near lab and with possible 

outside access.
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2. RESIDENTIAL QUARTERS

The residential facility will be a separate building 

designed to house up to 16 people. It is intended primarily for 

students and visiting faculty or experts who will share a 

common kitchen, dining, and living areas. Students studying 

agroecology will use the building during the summer. In the 

winter the building will be used as a retreat for different 

groups. ^rr.nNn i r v n

Fie. 1.7 Residential Q u a r te rs  diagram bv author.

RFSIPENCE fiRflUNn 1. EVEL

Fig. 1.8 Residential Quarters Plan. Drawn by Author
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a. Bedrooms: 7 bedrooms for 1 or 2 people, 200sqft each

The bedrooms will be private spaces for students and 

faculty working at the center. These should be flexible 

to accommodate one or two people, with storage space 

and movable furniture. Natural light and ventilation 

should be provided.

b. Guest bedroom: 1 person, 250 sqft

The guest bedroom will be handicap accessible 

bedroom, with a private bathroom mainly for visiting 

faculty or lecturers.

c. Central Kitchen: 400sqft

The kitchen will be a common space, accessible to 

both resident students and people working at the 

agroecology center. The kitchen will be the center of 

activity in the residential quarters. An outside area for 

breakfast and a vegetable and herb garden will be 

accessible from the kitchen.

Fig. 1.9 Kitchen Layout diagram. (Adapted from Pearson, 209)
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d. Pantry and dry goods storage: 100 sqft

This will be a small room for 

storing food, adjacent to the 

kitchen. It should be a cool, 

dark environment with 

shelves and racks.

Fig. 1.10 Food storage 
(Adapted from Pearson, 212)

This will be the communal space for residents with 

access to an outside porch or sunspace. A wood 

burning stove might be used for winter night heating.

g. Bathrooms: 2 bathrooms for 4 people, 200 sqft each 

The residents of adjacent rooms will share the 

bathrooms. Low flow showerheads using solar hot 

water and water efficient toilets will be used. The 

bathrooms will be naturally ventilated.

e. Dining area: 10 to 20 people, 300sqft h. Laundry/Utility room: 100 sqft

The dining area will be a communal space adjacent to 

the kitchen, with direct access to an outside space, or a 

sunspace. It will receive direct morning sun and have 

views to the surrounding landscape. The dining area 

will be an open space with the capacity to 

accommodate various group sizes depending on the 

need.

f. Living Room: 16 people, 400sqft
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3. ANCILLARY STRUCTURES

a. Bam:

The bam will be used for animals, grain and straw 

storage. It may be one of the first buildings to be 

constructed where students can practice various 

building techniques using various materials such as 

straw bale, and cob.

b. Tool shed

This will be for equipment storage and will function as 

a workshop for minor tasks and repairs.
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SPACE SUMMARY

AGROECOLOGY CENTER RESIDENTIAL QUARTERS

Utility room

1 10-20

3tf > I

1 2 100

3 2 0 f l e e i

TOTAL 2950
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Living organisms have adapted in various ways to the 

climatic conditions of their habitats. Birds ruffle their feathers 

in the winter to trap a warm layer of air near their bodies to 

regulate their insulation. Other organisms undergo physical 

changes with the change in seasons, such as Ocotillo plants 

which grow leaves when water is available during the rainy 

season to increase their photosynthesis which they then lose 

during drought periods. This minimizes water loss by 

transpiration through the leaves by decreasing the surface area 

through which water can be lost. Another way organisms are 

able to cope with extreme climatic conditions is by modifying 

their behavior. Bears and other animals and insects hibernate 

in caves or underground during the winter to slow down their 

metabolism, which enables them to survive on little or no food. 

Most desert creatures are nocturnal, avoiding the heat of the 

day in cool underground dwellings.

Human beings have a limited physical capacity to adapt 

to harsh climates, which is limited to sweating, shivering and 

vaso-constriction and dilation. However by relying on our 

ability to manipulate elements to modify the conditions of our 

immediate surroundings, and our behavioral flexibility, we

Fig. 2.1 Polar bear at rest conserving heat. Fig. 2.2 An igloo provides shelter in
(Adapted from National Geographic 1/98) severe cold. (Adapted from Grand shelter)

have enlarged the range of habitats in which we can dwell. 

The fact that we largely rely on the built environment to meet 

our thermal needs necessitates that we understand, first the 

climate of the region, and second our thermal comfort needs. 

The climate of Chino valley is described in this chapter and 

analyzed to shed light on the thermal modifications necessary 

for human comfort in that particular region.
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Fig.2.3 Arizona cities. (Adapted from Az Leg.)

The town of Chino Valley lies 15 miles north of 

Prescott, Arizona, at an elevation of 4,650 feet above sea level 

and 34 degrees northern latitude. To the north lies the San 

Francisco peaks, Mingus Mountain to the east, and Granite 

Mountain to the west. A dry climate with warm summers

Fig. 2.4 Chino Valley. (Adapted from Az Leg)

(temperature in the 80’s) and cool winters (with temperatures 

in the 50’s) characterizes the region. Annual evaporation 

exceeds precipitation, most of which falls in the form of 

summer monsoons and winter storms (Coomer et al, 1994).
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I. CLIM ATIC ANALYSIS

The climate of a region is a result of a complex set of 

relationships including solar geometry, geographic location, 

topography, and altitude, to name a few. However it is 

possible to understand the weather variables of a region, known 

as its microclimate, which are solar radiation, temperature, 

wind, humidity, and precipitation. Each of these variables is 

defined and described in the following sections for Chino 

valley.

1. SOLAR GEOMETRY AND RADIATION

The rate at which solar energy falls on a surface is 

known as Insolation (Lowry, 1988). The amount of solar 

energy reaching the earth is largely dependent upon the 

distance radiation travels through the atmosphere, and the 

position of the sun in the sky, or solar geometry. This varies 

with latitude, date, hour, and the orientation of the surface. 

When the sun is directly over head at noon, radiation passes 

through the least atmosphere. As the sun is perceived to travel 

lower in the sky, that distance increases, reducing the intensity 

of the radiation reaching the earth. That is why at sunset we

can look directly at the sun when no longer has the glare and 

intensity it has at midday. Other factors that can affect 

insolation are particles in the air, such as dust and pollution, 

and cloud cover.

MARCH

SEPTEMBER

Fig. 2.5 Seasons and position of the earth. (Adapted from Mazria 1979)

The earth’s rotation around the sun and around itself at 

a tilted axis varies the amount of atmosphere through which 

radiation travels. The earth’s orbit around the sun is slightly 

elliptical. Contrary to what one might expect, the maximum 

distance between the earth and sun (perihelion), at 152 million 

Km, occurs in June while the shortest distance (aphelion), at 

147 million Km, occurs in December. It is however, the
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earth’s tilted axis, which extends between the poles at 23.5 

degrees from the normal to its orbital plane, which brings about 

the four seasons.

Fig. 2.6 Declination of earth thoughout the seasons. (Adapted from 
Mazda, 1979)

For an observer on earth, the sun appears to be rotating around 

a stationary earth. The sky is conceived as a hemispherical 

dome through which, during the course of a day, the sun travels 

along an arc. The position of the sun along this arc is described 

by two angles. The first is the altitude angle, which is the 

vertical angle between the horizon and the position

■̂eaw-

anglesbearing
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Fig. 2.7 Sun Angles for Chino Valley 34°N. (Adapted from Mazda 1979)

of the sun above it. The second is the azimuth angle that is the 

horizontal angle of the position of the sun measured from true 

south (Mazria, 1979). The sun path diagram below shows the 

altitude and azimuth angles for the 34 northern latitude of 

Chino valley.
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2. TEMPERATURE

Being transparent to most forms of solar radiation, air 

temperature is primarily determined by the temperature of the 

surfaces with which it is in contact. The layer of air in contact 

with the earth (or water bodies) is heated by conduction, and 

then the heat is transferred to other layers by convection and 

wind forces. Air temperature is usually measured in the shade 

by a mercury thermometer, which is aerated by a low flow fan, 

at a height between 4 and 6 feet above ground.

At night the surface of the earth does not receive any 

solar radiation and loses its heat to the night sky, cooling the 

air. The difference between the maximum air temperature 

during the day and the minimum during night (before sunrise) 

is known as the diurnal swing. In dry climates the diurnal 

swing is greater than in more humid ones, this is explained in 

the moisture section. During clear sky nights, the earth 

becomes cooler than the air above it as it loses heat faster than 

the air. The layer of air near the ground becomes colder than 

the layers above it which is a reversal of the normal vertical 

temperature gradient and is known as surface inversion 

(Givoni, 7).
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Altitude is another factor that affects air temperature. 

Air pressure decreases with altitude and therefore as air rises, it 

expands and cools. The reverse occurs as air descends from 

low to high pressure. This phenomenon is known as adiabatic 

cooling and heating (Givoni, 7).

Temperature Averages and Extremes 
for Chino Valley

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

Month

— Mean Max

— - Mean Min

— Highest 
Mean Max 

— Lowest 
Mean Min 
Mean 
Temp

Fig. 2.8 Chino valley Temperatures. (Generated by Author)

The graph above shows the extreme and average 

maximum and minimum temperatures, measured a Chino 

valley, and averaged over the last 50 years. During the 

summer, maximum temperatures reach the upper 80’s, and 

lower 90’s. After sunset, temperature drops rapidly to a 

minimum in the upper 50’s by sunrise, which creates a large
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diurnal swing. July and August tend to be the hottest months, 

which is further aggravated by being the most humid months 

(Monsoon season). Winter temperatures range between highs 

in the low 50’s and lows in the 20’s with 30-year extremes of -  

15 F and 108 F. (see APPENDIX 2.a. for hourly data). The 

average diurnal swing is more than 30 degrees on average with 

in the month and temperature variations of up to 40 degrees 

within the year (sellers, 1974).

The concept of heating and cooling degree-days is a 

good comparative indication of the severity of winter and 

summer temperatures for a particular region. A base 

temperature of 65°F is typically used as the base temperature. 

The difference between the average daily temperature for one 

day and the base temperature is taken as the heating or cooling 

degree-day value for that day. Chino valley has 4578 heating 

degree-day and 862 cooling degree-days annually. The number 

of heating and cooling degree -days for each month in Chino 

valley is shown in the appendix 2.b.

3. WIND

Wind flows from high pressure to low pressure zones. 

The unequal distribution of solar energy reaching the earth’s 

surface creates variations in air temperatures across the globe. 

These variations in latent and sensible heat content of air mass 

result in corresponding variations in air pressure and density 

which drive wind flow (Aho, 1981). Seasonal global 

distribution of air pressure, earth’s rotation, daily patterns of 

heating and cooling of land and water, and topography affect 

wind flow (for a detailed explanation of wind flow see 

Atmospheric Ecology fo r  Designers by Lowry). Due to friction 

forces with the ground, trees, and buildings, wind speed tends 

to be slowest near the ground and increases with height.

Topography and terrain features affect local wind flow 

patterns. In mountainous regions, such as the area surrounding 

Chino Valley, thermal differences between mountain slopes 

and valleys, create local wind patterns. Air near the slope 

surface is heated more than the free air at the same height 

causing it to rise up the slope. This creates convection currents 

up the slope during the day, which are then reversed at night.
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VINTER SPRING

SUMMER

Fig. 2.9 Wind roses showing frequency, direction and speed for Chino Valley.
(generated by Author)

In the Chino Valley region, prevailing winds blow from 

the southwest at an annual average of 10 mph. Maximum wind 

speeds can reach 25mph from Southwest during the months of 

November and December. The mountains to the north and

northeast create daily convection currents flowing in the 

direction of the prevailing winds during the day. At night as the 

temperature drops and the air mass becomes more dense, wind 

flows down the slope. Cold gusty winds blow occasionally 

from the north during the winter. The wind roses below show 

the velocity and frequency of wind flow for Chino Valley. 

Hourly wind speeds and directions are shown in appendix 2.a.

4. HUMIDITY

Humidity refers to the amount of water vapor present in 

the atmosphere, which comes from evaporation off water 

bodies, and transpiration of plants. The air’s capacity to carry 

water vapor is determined by its temperature, where the higher 

the air temperature, the more vapor it can carry. The moisture 

content of the atmosphere at any temperature can be expressed 

in terms of the ratio between the actual moisture content to the 

maximum moisture capacity of the air at that temperature, 

which is known as the relative humidity.

Year round relative humidity is at an average 40%, 

rising in the winter to 55%, and dropping to 25% during May
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mfTwawWwi ŵ wsrw'W'x'Â ta-ewaowwm̂Mimd vwwwmm iMWAMW

21

and June. During the monsoon season, in July and August, the 

relative humidity rises again to 50%.

5. PRECEPITATION

Chino Valley Precipitation

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

Month

Fig. 2.10 Annual Precipitation for Chino Valley. (Generated by Author)

When the temperature of air carrying a certain amount 

of moisture decreases, its relative humidity increases until it 

reaches its saturation point. This temperature at which air 

becomes saturated is known as the dew point. Further cooling 

below the dew point results in condensation. The rapid cooling 

of air occurs when it comes in contact with a cold surface, 

mixes with colder air, or due to adiabatic cooling of rising air.

The first two situations cause dew and fog while the third 

causes precipitation.

Precipitation in the Chino Valley region during the 

winter is caused by storms from the Pacific ocean, which move 

north-eastward across Arizona. These storms bring several 

days of rain and snow during January and February. Total 

snowfall averages about one foot each year (Sellers, 1974).

The summer monsoons account for more than a third of the 

total annual precipitation, which falls during July and August. 

Most of this precipitation occurs as warm moist air from the 

Gulf of Mexico rises rapidly over warm ground and mountains 

resulting in afternoon thunderstorms. The average annual 

precipitation is 19 inches.

II. THERM AL COM FORT

Thermal comfort and physical wellbeing depend on the 

maintenance of a thermal equilibrium between the body and 

the external environment. The combined effect of temperature, 

radiation, air movement, and humidity determines thermal 

comfort. Other factors such as physical activity, 

acclimatization, age, sex, clothing, etc., have a large bearing on



■' *'i ^--VV

CHAPTER 2: Climatic Analysis
9sw«K»*a*s*^^

2 2 /

thermal comfort. Heat exchange between the body and the 

environment occurs through conduction, radiation, and 

convection. In addition heat is lost from the body by the 

evaporation of sweat off the skin.

Air Temperature determines the rate of heat exchange 

between the body and the environment. All body functions 

take place at an optimum body temperature of 98 F. The body 

constantly generates heat through metabolism the rate of which 

depends on the level of physical activity.

For the body to maintain its optimum temperature, it 

has to be able to lose excessive heat when it’s warm, and retain 

it when temperatures are very low.

Radiation from surrounding objects affects thermal 

comfort. The thermal exchange between the body and 

surrounding surfaces depends on the mean radiant temperature 

(M.R.T.). This is the weighted average temperature of surfaces 

in a space based on their temperature and emissivity. The body 

may lose or gain heat if the M.R.T. is lower or higher than the 

body surface (Givoni, 1969).

Air movement affects the body’s ability to lose heat 

through evaporation and convection. The movement of air

over the skin increases the rate of sweat evaporation, removing 

heat from the skin surface. Convection heat exchange is also 

increased with air movement.

The evaporation of one gram of water consumes 0.58 

kcal (0.145 Btu) which is the latent heat of vaporization of 

water (Givoni, 1969). Evaporation takes place in the lungs and 

at the skin surface, removing this amount of heat per gram of 

water from the body. This means that the body can loose heat 

by evaporation even if the external temperature is lower than 

that of the skin. However the airs’ capacity to carry water 

depends on its moisture content and the maximum water 

content it can carry at a certain temperature, i.e. its relative 

humidity.

III. BIOCLIMATIC EVALUATION

Various experiments and surveys have been conducted 

to outline a thermal comfort zone based on the factors 

described above. The comfort zone outlines the conditions 

under which a human being is subjected to the least 

environmental stresses. The two most commonly used sets of 

comfort conditions are outlined by the psychrometric and
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bioclimatic charts, which are shown here. The psychrometric 

chart is a graphical representation of human thermal comfort 

parameter in relation to the thermodynamics of moist air. The 

comfort zone outlined is based on the conditions of a stationary 

person in light dress engaged in light activity. Air velocity is a 

fixed variable on the psychrometric chart, assuming 40 ft/min, 

and MRT is assumed to be equal to the dry-bulb temperature 

(see AHRAE Handbook of Fundamentals for more 

information). Climatic data can be plotted when any two of the 

following variables are known;

■ Dry-bulb Temperature

■ Wet-bulb temperature

■ Relative humidity

■ Dew point

The effects of various passive solar strategies can expand the 

comfort zone as shown on the chart (Chalfoun, HED Week4).

Fig. 2.11 Psychrometric chart for Chino Valley. (Adapted from Watson, 1983)
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Fie. 2.12 Bioclimatic chart. fAdaoted from Oleavav)

Another presentation of thermal comfort in relation to 

climatic conditions often used is the Bioclimatic chart devised 

by the Olgyay brothers. This chart outlines comfort conditions, 

similar to those of the psychrometric chart, and indicates the 

climatic needs, such as shading, ventilation, moisture and 

sunshine, required for modifying uncomfortable conditions.

*EtAT7ve HvtMoirr%
Fig. 2.13 Bioclimatic plot for Chino Valley. (Generated by Author)

Climatic conditions are plotted defined by dry-bulb 

temperature (ordinate) and relative humidity (abscissa)
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The table shows the amount of solar radiation required to 

reinstall comfort and the radiation available during the day.

The monsoon season, July, August, and September is 

overheated, and cooling strategies will be necessary. Shading 

and ventilation are necessary from May to September. Some 

evaporative cooling during the dry months, May and June, can 

restore comfort. Because of the open nature of the site and the 

wind patterns of Chino valley, wind shelter is necessary 

throughout the year. Landscape and trees to reduce wind 

speed, and redirect prevailing breezes away from outside 

spaces, and fields can reduce the impact of wind. This is 

further described with greater detail in the following chapter.

asttss. - '  -  >* '  6
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Fig. 3.1 Arizona Topographic map. (adapted from United States Atlas, 13)
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Fig. 3.2 Chino Valley and Wolfberry Farm Site. (Drawn by Author)

I. SITE ANALYSIS

The Wolfberry farm site is located east of the town of 

Chino Valley, 15 miles north of Prescott. The 30-acre site is 

described and analyzed within the regional context in the 

following sections. Information in this chapter was compiled 

using published books and maps as well as site visits.



1. TOPOGRAPHY
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Arizona’s varying geology has created a wide range of 

biomes ranging from the Sonoran desert to alpine forests. The 

three main physiographic provinces of Arizona are the 

Colorado Plateau, Central Mountain, and the Range and Basin 

province. Chino Valley is located in the Central Mountain 

Province, which forms a diagonal transition zone between the 

Colorado Plateau to the north, and the Basin and Range deserts 

to the west and south (Coomer et al., 1994).

High volcanic activity and uplift forces during the 

Precambrian age lifted the region above the surrounding desert 

forming the Mogollon rim and plateau. Erosion by wind and 

water followed by sedimentation has created the flat valleys 

between the rock formations and mountains where sand and silt 

are predominant. The bedrock of Chino Valley bears 

testimony to the activities of mountain building, erosion and 

ocean sedimentation, which account for the metaphoric rock 

formations characteristic of the region. Granite and schist are 

the predominant rocks and occur in the form of small 

outcroppings and boulders as well as larger boulders and 

mountains such as Granite Mountain to the west. Igneous rock

SITE ANALYSIS

formations, mostly basalt, are revealed by the ephemeral 

washes that have carved through the sedimentary blanket of silt 

and sand.
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Fig. 3.3 Site Topography. (Drawn by Author)

Surrounded by gently rolling hills, the 30-acre 

Wolfberry farm site lies within a relatively flat portion of 

Chino Valley. From an elevation of 4675 ft at the southeastern



comer, the site gradually slopes up at 1.6% to 4655ft at the 

northwest comer. The site was intensely cultivated and 

overgrazed over recent years, which accounts for the regularity 

of its surface and the absence of rocks and boulders.

2. SOIL

Granite, schist, and basalt outcroppings weathered by 

sun, wind, and water formed the silty soil of Chino Valley.

Plant roots and microorganisms assisted the further breakdown 

of parent rock into smaller particles, adding organic matter and 

nutrients to the soil. The table below shows the classification 

of soil particles based on size and shape.

Soil tests in Chino Valley carried out by the Agroecology 

department of Prescott College indicate that Wolfberry Farm 

soil is composed of 48% sand, 20% silt, and 33% clay.

CHAPTER 3 SITE ANALYSIS

soil CUS9------------
A numencjl claesificaUai of soil by 
K ita r t ,  osed by the US Peyertm eet of

boutier
A large, naturally rounded r o d . bring on 
the surfaoe of the  ground or partially 
embedded in It.

cobble
A natural^  rounded stone, smaller than a 
boulder and anger than a pebble, used for 
rough paving, wafts, and foundations Also 
called cobb lestone

gravel
Small pebbles and stones, o ra  mixture of 
these  with sand, formed either naturally 
o r by crushing rock. asp. such materia I 
th a t  will pass a 3-In. (76 mm) sieve and be 
retained on a No. 4  (4 6  mm) sieve.

c ru sh e d  g ravel
Crave! having one or more f ractured faces 
produced by mechanical crushing. —.

c ru sh e d  s to n e  
Stone having well-defined edges 
produced by the  mechanical crushing of 
rocks o r boulders. Also called c rushed  
rock.

pea gravel
A small-diameter, natural gravel usually 

to  %  In. (6.4 to  9 5  mm) In site, 
screened to  specification.

pebble
A small, rounded stone, especlafty one 
worn smooth by the action of water.

sand
A toose. gramHar material resulllag from 
the disintegration of rocks, consisting of 
grains smaller than gravel but coarser 
than 5* t

sa n d  c lay
A wel-graded. naturafty occurring sa nd 
often used a s  a  base or subbase ma terlal 
hadngabout lo t c l a y a ju s t  enough to  
make the mixture bind tightly when 
compacted

silt
loose sedknentary material consisting of 
fine mlneial particles between 0.002 mm 
and 0 0 5  mm In diameter.

clay
A na tura l earthy material th a t  Is plastic 
when moist bu t hard when fired and is 
used for making brick, tile, and pottery, 
composed mainly of fine pa rt icles of 
hydrousalumlnam silicates less than 
0 0 0 2  mm In diameter.

SoTcontalnlng 271 t« 4 0 I  clay and 201 
to  4 5 :  sand.

bentonite
A clay formed by the decomposition of 
vulcanic ash. having the  ability to  absorb 
large amounts of w ater and to  expand to  
several t i r e s  I ts  natural volume

loam
A rich soil containing a relatively epual 
m ature  of sand and silt and a smafter 
proportion of cby  and organic matter.

An unstratified, cohesive, loamy deposit 
deposited by wind.

Fig. 3.4 Soil Particle classification. (Adapted from Ching, 1998)



swwwe t v y, t-: «-,ww -. i=

3. HYDROLOGY
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Being an arid region, Chino Valley receives little 

precipitation, 12 inches average annual precipitation, which has 

made the region totally dependent on the underlying aquifer for 

all its water needs. Surface water flows northwestwards to 

Lonesome draw, and eventually into Granite creek which is a 

tributary of the Verde River.

4. FLORA AND FAUNA

The region is characterized by 

flat short grass prairie gradually 

grading into chaparral slopes. 

To the northeast of the site, 

Pinion-Juniper woodland 

Fig. 3.5 Pronghom Antelope, competes with the short grass
Antilocapra americana. (Adapted from
Audubon, 1985) range with boundaries largely

affected by human activity.

Wildlife in the Chino Valley region is largely 

dependent on undeveloped areas such as the chaparral and

SITE ANALYSIS

Fig. 3.6 Mule Deer, Odocoileus hemionus. 
(Adapted from Audubon, 1985)

Pinion-Juniper east of the site. 

Pronghom or “American 

Antelope” are commonly seen 

grazing the short grass prairie. 

These elegant animals can 

make 20-foot leaps and run at 

speeds up to 45 miles per hour 

(Whitaker, 1980). Mule deer,

m m  rabbits, squirrels, skunks.

several species of mice and

Fig. 3.7 Gopher, Sermophilus 
tereticaudus. (Adapted from Audubon, 
1985)

gofers also inhabit the area. 

Preying on rabbits and antelope 

and deer fawns, coyotes, 

bobcats, and mountain lions are common in the Chino Valley 

region.
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II, SITE DESIGN AND LANDSCAPE

The master plan divides the site into two distinct 

functional areas. The first area is designated for large 

(550’x 100’) experimental fields with subsurface irrigation. 

Various types of crops, crop rotations, and plant combinations 

will be tested for improving soil quality and crop yields. 

Legumes and other nitrogen fixing species will be planted to 

nourish the soil and substitute synthetic fertilizers, the 

production of which consumes a great deal of energy and 

contributes to water contamination and numerous 

environmental problems.

The second area is for human use and small-scale 

agriculture and food production activities. The Agroecology 

building and the residential quarters will be constructed in this 

area, with outside gathering spaces for social events. Small 

vegetable beds will be planted near buildings and will be 

irrigated by rainwater harvested from the roofs and stored in 

cisterns around the structures.

A windbreak, or shelter belt, will be planted around the 

fields and buildings to protect plants and people from wind and

provide shade for outside spaces. The design of the shelter belt 

is further described in the following section.

Access to the farm is from the southwest via 

Perkinsville road, which continues east to Prescott National 

forest. Vehicular circulation will be restricted on the farm 

limiting access to service vehicles and farm equipment such as 

ploughs and mowers. A trellised path will bring people in from 

the parking area along the western edge of the farm to the 

center. Small footpaths and trails will branch out from the 

gathering area leading to the irrigated fields and the rest of the 

farm.
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Fig. 3.8 Site plan with shelter belt. (Drawn by author)
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1. WIND PROTECTION

Being an open site, a shelter belt will be planted at 

Wolfberry farm to mitigate the effects of wind on plants and 

people. Wind can reduce crop production and inhibit plant 

growth by removing moisture from plant tissue and soil 

surface. In an arid region like Chino Valley, this can be 

detrimental for plants as it increases the challenge of 

maintaining an already scarce resource. The physical 

movement of plants by wind causes mechanical damage to 

plant tissue (Verson, 1998). Plants then, have to expend a great 

deal of energy and nutrients to repair the damaged tissue and to 

reinforce themselves against wind. The redirection of energy 

and nutrients from growth, fruit, and leaf production to 

structural support greatly reduces crop yield and quality 

(Mollison, 1990). Wind also causes the erosion of topsoil, the 

layer that contains the most nutrients and organic matter 

necessary for plants.

The removal of heat from surfaces by wind, known as 

the chill factor, combined with the increased rates of 

evaporation caused by wind, creates cold microclimates. This 

chill factor reduces the effect of insulation and hence the

" " " H i

34
SITE ANALYSIS

He. 3.9 Plants and natural forces. fAdaoted from McPherson. 1984)

effectiveness of solar heating systems. Wind tolerant trees and 

bushes can effectively mitigate these effects and alter the 

microclimate by slowing down wind, redirecting it, and adding 

moisture to the air. Trees will also filter out sand and dust 

particles from the air creating a more hospitable microclimate 

with clean air for outside spaces.
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In order to minimize the effects of wind at Wolfberry 

farm, the shelter belt will be planted to block prevailing winds 

from the southwest as well as cold gusts from the north.

The following is a description of the issues considered for the 

Wolfberry farm shelter belt:

a. Species selection

Perhaps the most important decision made in designing 

a shelter belt is the selection of plant species which are wind 

tolerant, and adapted to the region’s climate, soil, and water 

supply. Native plants, such as Arizona Cypress, Pinion pine, 

Juniper, and Manzanita, are well adapted to the regions 

common diseases and pests, as well as the climate and 

precipitation patterns of Chino valley. Native plants harbor 

native species of birds, insects, and mammals, providing a 

harmonious wildlife habitat for potential pollinators. Appendix

3.b lists and describes suitable species for the Chino Valley 

shelter belt.

35  |

b. Windbreak configuration

The height and density of the trees and bushes used in 

the shelter belt will determine its effectiveness. The trees will 

be spaced to allow 40 to 70% of the wind to pass through in 

order to prevent the formation of eddies and frost pockets, 

which can form on the leeward side.

c. Placement

The shelter belt will be placed along the south west and 

north boundaries of the site, perpendicular to prevailing wind. 

A second layer of wind tolerant trees and bushes will be 

planted closer to the structures to divert prevailing winds and 

cold northern gusts. Rows of fruit trees will be planted 

between the irrigated fields to further protect the crops.

2. SHADING

Trees, vines, and bushes intercept solar radiation for 

their own use. The sun provides them with the energy 

necessary for photosynthesis, which takes place primarily in 

leaves. Deciduous trees lose their leaves during the winter and 

become dormant to preserve water and avoid the danger of
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freezing. These complex adaptations to climate are very 

effective when plants are used as microclimate modifiers. 

Trees provide shade and reduce glare. Light passing through 

translucent leaves is diffused becoming more tolerable for 

sensitive eyes. The amount of solar radiation absorbed by 

plants depends upon the following (McPherson, 1984):

■ Density of branches

■ Location of leaves (palm trees vs. pine trees)

■ Angle and shape of leaves in relation to the sun

■ Position of the sun

west facing walls and spaces. An unobstructed zone for south 

facing walls is necessary for direct solar gain during the winter 

(see Site plan fig. 3.8). Vine covered trellises will shade paths 

on the site. Grapes, Cat-claw, and other fast growing species 

will be used in these areas.

3. WATER CONSERVATION

In an arid environment, such as Chino Valley, efficient use 

of water is of significant importance. There are two main 

approaches to water conservation that will be implemented at 

the farm, which are described below:

Most of this radiation is converted to sensible heat, a 

portion of which is reradiated as longwave radiation at night. 

Plants therefore can create a secondary envelope around 

buildings and outside spaces, with controlled insolation 

depending on the species selected and their location.

Deciduous trees will be used for shading outdoor spaces 

around the buildings at Wolfberry farm to allow for winter 

solar access (see Appendix 3.a. for shading coefficients of 

selected trees). Shading by trees will be primarily for east and

a. Minimizing water use inside buildings

using low-flow fixtures, for toilets and showerheads. 

Outside landscaping using the following Xeriscaping 

principals:

* Native plants and drought tolerant species that are 

adapted to arid region moisture patterns should be 

planted.
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■ Zoning plants based on water use with the most 

intensive water users close to building. Drought tolerant 

native plants will be grouped in the outer most zone.

■ Efficient irrigation system to minimize water 

evaporation. Drip systems and subsurface irrigation 

lines are very effective methods of irrigation in a silty 

soil such as Wolfberry farm’s. Avoiding watering 

during the hottest hours of the day also reduces water 

loss by evaporation.

■ Mulching and adding organic matter reduces water 

evaporation and improves soil quality.

■ Land forming to direct rain water to plants and reduce 

runoff. This can be achieved by planting in beds with 

raised paths.

b. Rain water harvesting. Rainwater is readily available for 

collection and use with simple techniques. Water will be 

harvested off the roofs of Wolfberry farm buildings and stored 

in 4 major cisterns (see site plan on following page).

- SITE ANALYSIS

. J
In order to determine the 

volume of water available for 

collection and storage from the 

roofs, the following calculations 

were made:

■ Annual Rainfall (inches) x 
Roof Area x 95%efficency 

12

Fig. 3. 10 Drain gutters chanel water into bucket of this farm house. (Adapted 
from Larkin, 1995)

Residential Q uarters Yield:

13 x 3714 sqft x 0.95 x 7.48 Gal/ft3 = 28,590 Gallons 
12

Agroecology Center Yield:

13 x 3650 sqft x 0.95 x 7.48 Gal/ft3 = 28,100 Gallons 
12

Total Volume of w ater which can be collected is 56,690 

Gallons
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Fig. 3.11 Site plan showing water harvesting system. (Drawn by author)
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The building envelope is the primary regulating 

mechanism of interior thermal conditions. The cosmic laws of 

thermodynamics and the nature of materials largely dictate the 

performance of this regulating membrane. Certain materials 

will permit particular forms of energy exchange between 

interior spaces and the outside environment. Glass, for 

example, allows the passage of light, but is opaque to radiant 

heat. Other materials act as energy banks, absorbing and 

storing excess energy when it is available, and releasing it 

when the surrounding levels of energy decrease. By 

understanding the dynamics of heat, and the properties of 

materials, it is possible to shape the building envelope so that it 

functions within these parameters and maintain comfortable 

thermal conditions.

I. FORMS OF HEAT ENERGY

The two laws of thermodynamics describe the 

properties of energy. The first law states that total energy of a 

system and its environment is constant. Energy changes form 

and dissipates within the environment and is neither lost nor

gained. The three main forms of heat energy, radiant, sensible, 

and latent heat, are described in this chapter. The second law 

states that systems lose heat to their surrounding As this 

happens, heat changes into less orderly, or usable forms of 

energy, a phenomenon called Entropy (Sagan, 1995). The 

different forms of heat transfer, radiation, conduction, and 

convection are described in the following section.

1. RADIANT HEAT

This is the infrared or short wave radiation from the sun 

which is sensed as warmth by the skin (Aho, 1981). The outer 

most layer of the earth’s atmosphere receives a constant 

amount of radiant heat from the sun (420 BTU/sq ft/hr) part of 

which is reflected back into space. The atmosphere, the earth, 

and water bodies absorb a considerable amount of this energy. 

An important characteristic of radiant heat energy is that it is 

instantaneous and non-storable. However as it is absorbed by 

matter, it is converted to a more stable form of heat energy 

(long wave, or sensible heat) which is storable. If radiant heat 

didn’t have the ability to change form and be stored, the 

climate would be extremely hot in the sun and freezing in the
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shade or after sunset. A fire on a cold night is a good example 

of radiant heat, where only people close to the flames feel its 

warmth while the surrounding air remains cold. As soon as the 

fire is extinguished, no more heat is emitted and the 

temperature drops instantaneously.

2. SENSIBLE HEAT

The heat energy in all matter above absolute zero is 

known as sensible heat. It is the level of excitation of 

molecules and is measured as temperature. The sensible heat 

of a material will rise as the material absorbs radiant heat and 

drop when it loses heat to the surrounding. The capacity of a 

material to store heat is unique to it and is measured as its 

specific heat and its units are BTU/lb/ °F.

3. LATENT HEAT

This refers to the amount of heat required to excite 

molecules enough to break their bonds and change state. For 

example, the evaporation of water is a change of state from 

liquid to gas and therefore requires a certain amount of energy. 

This process is reversible meaning that materials lose heat

when they change from a high-energy state to a lower one. 

Taking water as an example again, when it is heated in a 

teapot, it changes into steam. As it is left to cool, the steam 

loses heat and condenses on the inside walls of the pot.

mtom* •"
l»iedi« t o i  denser form
B ifjs o rv ip o r to i  Iquid 
•soldstate.

l o t  ef condensation  
M e itS ie re te d b y a  unit mass 
flflS KltS boiling point IS It 
(odensestoalquid.

k ite fy a p e riz a tio n  
Ik  quantity cfhea t required to  
tewert a unit mass of liquid a t  Its 
k h g  point Into ra por a t  the same 
Ueperature equal to  th e  heat of 
cedensaOon.

fluid
A substance, a s  a gas or Bquid. 
th a t  Is capable of flowing, yields 
ea sl^  to  pressure, and conforms 
to  the shape of I ts  container, y r

6 #

M atter haying neither Independent 
shape nor volume, possessing 
perfect molecular mobility and the  
tendency to  expand Indefinitely.

' ♦—Ĉ J I— solid 
X y-« I /  M atte r having relative

*  firmness, coherence of

. /
e v a p o ra te

o r convert from a 
liquid or solid Into a vapor.

s o l id i ty --------------
To change o r convert from a 
liquid o r gas IntoasoHd.

particles, o r persistence of

liquid*
M atter distinguished from the  solid or 
gaseous s ta te s  t y a  characteristic 
readiness to  flow, fittie o r no tendency 
to  disperse, and relatively high 
Incompressibility.

h ea t of solidification
The heat I te ra te d  by a  unit m ass of liquid
a t  Its  freezing point as  i t  sotldtfles

h e a t of fusion
The quantity of hea t required to  
convert a  unit m ass of a s o ld  a t  Its  
melting point Into a liquid a t  the same 
temperature; equal to  th e  heat of 
solidification.

Fig. 4.1 Latent and sensible heat in particles. ( Adapted from Ching, 1995)

II. HEAT TRANSFER

The basic law of entropy describing thermodynamics 

states that all energy is flowing, seeking equilibrium (Abo,37). 

In order to design with climatic forces, it is important to
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understand the flow of heat energy and the factors influencing 

the rate of flow.

1. RADIATION

All bodies emit electromagnetic waves of thermal 

energy due to the constant vibration of their molecules. The 

flow of radiation depends on the following:

1. Temperature difference between bodies

2. The emissivity / absorptivity of the material.

3. Distance between bodies.

4. The form of the bodies.

There is always an exchange of heat between bodies, even if 

they are at the same temperature, in which case the rate of 

emitance is equal to the rate of absorptance.

2. CONDUCTION

Conduction is the spread of molecular excitation 

through materials in physical contact. Heat flows from hot to 

cold and is measured in BTU/sq ft/°F/hr. Conduction depends 

on the nature of the material (good or bad conductor which is 

related to density and moisture content), the area through

which it travels, and the temperature difference. In general, 

metals are good conductors, while gases are poor conductors or 

good insulators.

3. CONVECTION

This is the transfer of heat between a solid material and 

a fluid (gas or liquid). Convection also occurs with in a fluid 

material. Heat affects the density of a material, where the 

warmer the material gets, the less dense it becomes. Gravity 

acts on the different densities creating a convection current 

where the hotter molecules rise and as they cool down start to 

fall. Hot air rising and cool air falling is an illustration of 

convection. Natural convection is when only heat creates this 

movement (Mazria, 1979).

III. THERMAL PERFORMANCE OF MATERIALS

The impact of environmental forces on interior spaces 

is greatly regulated by the building envelope. The nature of the 

materials used has an effect on how much heat travels through 

the walls as well as the time it takes for it to travel from one 

surface to the other. Heat travels through materials by



conduction from molecule to molecule, as described above. 

Based bn thermal performance building materials can be 

classified as reflective insulation, capacitive insulation (thermal 

mass), and resistive insulation (Szokolay, 24).

1. REFLECTIVE INSULATION

This form of insulation prevents heat transfer by 

radiation, and is a function of a materials surface qualities, 

mainly emitance and absorptance. A material that reflects most 

of the radiation it receives is said to have high reflective 

insulation. Aluminum foil is an example of a good reflective 

insulator.

2. RESISTIVE INSULATION

Resistive insulation describes the ability of a material to 

block heat transfer by conduction. Insulative materials resist 

conduction by trapping air and keeping it from moving in 

convection current. This enhances the material’s resistance to 

heat flow because air has very low thermal conductivity. Most 

insulative materials are fibrous such as cellulose, straw, and 

fiberglass, or composed of air cells such as foam and synthetic

insulation boards. The R-value (resistance value) is a concept 

developed to quantify materials’ resistance to thermal transfer, 

and is a measured value. The U-value, or heat transmission 

coefficient, is the amount of heat flow through 1 sq/ft of a 

material in 1 hr with a temperature difference of 1°F measured 

in BTU/hr.ft2.°F.

3. CAPACITIVE INSULATION

This describes the ability of a material to absorb and store 

heat during warm periods. When there is no heat input, the 

stored heat is then emitted after a time delay. This is known as 

time lag and is a function of the thermal capacity of the 

material, the thickness of the wall, and the temperature 

difference between inside and outside. High mass materials, 

such as earth and stone have these characteristics. In steady 

state conditions where there is no change in temperature, 

capacitive insulation will have no effect

IV. ENVELOPE DESIGN ISSUES

The building envelope refers to those surfaces that are 

in contact with the exterior (outside air and the ground) and



CHAPTER 4 -  ENVELOPE: DESIGN

l_ i*ms»«s#j«iiswi

***KnAW@***»%#Nk  xtWc*<1»«,.6<Vfl<» V

4 4  I

interior spaces. These surfaces play a major role in the 

regulation of temperatures inside and around a building.

The orientation, form, and the location of openings with in the 

building envelope are the main factors affecting the thermal

dialogue between interior spaces and the outside environment.

1. BUILDING FORM  AND ORIENTATION

As the sun’s position in the sky is constantly changing

HOT-ARK)

HOT-HUMtO

Optimum

*

F ig . 4 .2  B u ild in g  fo rm  and c lim a te . (A d a p te d  fr o m  O lg a y a y , 1 9 6 3 )
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with season and during the course of a day, the amount of solar 

energy falling on different surfaces varies greatly. While the 

air temperature might be equal on different surfaces, the heat 

gains and loses will be different. Thermal gains and losses 

through a surface will also vary with the amount of surface 

area, its orientation, and the physical characteristics of that 

material.

Looking at building form as a response to climatic 

forces, seeking to minimize heat loss during the winter and 

heat gain during the summer, some basic guidelines can be 

established. Compactness of form, which is a comparison 

between volume and surface area, is important. As most heat 

exchange occurs through the building envelope, the smaller the 

surface area, the less heat exchange will occur. In his book 

Design with climate, Victor Olgyay compares various building 

forms in different climates, and enclosing the same area to a 

square. He found that a general elongation along the east-west 

axis is the optimum shape. Further more, rectangular forms 

with a ratio of sides of 1:1.6 perform the best in temperate 

climates such as Chino Valley’s.

The two major climatic factors affecting orientation are 

the sun and the wind. The admittance of sunlight into a 

building during the winter is essential for thermal as well as 

psychological comfort. During the winter, the south side 

receives 3 times as much solar radiation as the east and west. 

During the summer when the sun is at a higher angle, the roof 

receives the most radiation while the north and south sides 

receive half the amount of radiation falling on the east and west 

(Mazria, 83). The orientation of a building to the south 

therefore, maximizes solar gain during the winter, and 

minimizes it during the summer. Olgyay uses a method called 

Sol-air to determine the optimum orientation for buildings in 

specific regions. This method considers solar radiation and air 

temperature utilizing solar radiation when the temperature is 

below the comfort level and blocking it during over heated 

periods. The optimum orientation for the temperate climate of 

Chino Valley, based on the Sol-Air method would be 17.5 

degrees east of south. This orientation subjects the long fagade 

to the winter morning sun to facilitate direct gain, and turns the 

narrower fagade to the hot summer afternoon sun. Building 

orientation is complex and cannot be based solely on these
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criteria. The placement of windows, materials, as well as the 

location of interior and exterior spaces also affect the 

performance of the building and influence its orientation. The 

sol-air method was tested by running computer energy 

simulation for various orientations, which are discussed in 

chapter 6.

The prevailing winds in Chino Valley are from the 

southwest. It is important to shelter outside spaces from wind, 

especially on an open site. The optimum solar orientation in 

this case is appropriate for the wind conditions as it turns the 

comer to the prevailing wind. Outside spaces should open to 

the east and southeast to take advantage of the sun and be 

protected from the wind.

2. GLAZING

F ig. 4 .3  Solar radiation and O rientation. ( A dapted from  M a zd a , 19 7 9 )

The location and size of windows is one of the main 

factors affecting a buildings thermal performance. The amount 

of heat loss and heat gain through windows is higher than most 

other building components. Mazda states that when outside 

temperature is 30 F and inside 68, a square foot of single pane



glass will lose approximately 43 BTU per hour, over 20 times 

as much as a wood frame wall with 3 1/2 inches of insulation.

Glass admits most short wave radiation or visible light 

to pass through, while absorbing and reflecting most long wave 

or thermal radiation. As sunlight passes through glass, it is 

absorbed by materials and changed into long wave thermal 

radiation that can not pass through the glass. This process is 

known as the “greenhouse effect”, and is an effective method 

of heat gain.

The optimum orientation for windows is the south as it 

receives the maximum amount of solar radiation in the winter, 

and the minimum during the summer. The winter heat gain 

through southern glazing in temperate climates such as Chino 

Valley will exceed heat loss while east and west facing glass 

lose heat in the winter and gain heat during the summer. North 

facing glass tends to lose heat year round except for limited 

periods on summer mornings and evenings. As the placement 

of windows is influenced by many other complex needs and 

forces, it becomes important to create a balance between heat 

gains and losses through glazing for the entire building. In this 

case, the ratio of south glazing to floor area as well as the

volume and proportions of spaces become important. The 

amount of southern glazing should increase with any increase 

in the volume of interior space. Two buildings with the same 

floor area may have different volumes as the ceiling heights 

vary. The amount of southern glazing is tested by computer 

simulation in chapter six. Another important consideration is 

the placement of thermal mass, which acts as a thermal storage 

medium for the heat gained through windows. During the 

winter, the lower sun angel allows deeper penetration of 

sunlight into interior spaces. Light falling on thermal mass 

materials such as the concrete slab or earth walls, is absorbed 

and stored for use at night. It is important to expose these 

surfaces to direct solar radiation and minimize the application 

of carpet on the floor to allow maximum thermal charging.

As the sun sets, no radiant heat enters the building 

through the glazing. All windows lose heat by conduction at 

night because glass has a high U-value (1.11 for single pane 

windows). It is therefore important to insulate windows at 

night. Insulative shutters and quilted roles are often used for 

this purpose. These are further described and tested in the final 

chapter.
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3. VENTILATION

Air movement removes heat from objects by 

convection. This phenomenon is known as wind chill and is 

dependant upon air temperature and velocity. Air passing over 

moist skin induces evaporation and consequently the cooling of 

the skin. The amount of moisture in the air (relative humidity) 

largely determines its evaporative cooling capacity.

Air flow is dependent on two basic factors; the first is 

the pressure difference which results in the movement of air

from high to low pressure. The second 

is convection, which describes the 

rising of warm air and its replacement 

by cooler dense air creating a 

convection current. These principals

Fig. 4.4 Wind tunnel showing can be used to induce air flow and
effect of inlet and outlet
size.(AdaPted from oigayay, ventilation during over heated
1963)

periods. Placing openings in both the 

windward and leeward walls can induce cross ventilation 

when there is little obstruction by interior partitions and

furniture. The opening size controls the rate of air flow, where 

small inlets and large outlets induce a larger pressure 

difference between the windward and leeward sides, 

increasing the velocity of moving air. The placement of high 

openings can induce convection by exhausting warm air. 

Opening in both windward and leeward sides.

4. SHADING

The admittance of radiant heat is necessary during the 

winter but must be minimized during the summer. The shading

simeofitrol • ........ .....—
Any of various exterior devices (or 
ro jJjtin s tie  amount of solar heat
and Sunlight tha t enters a window, f 7 ^  
consisting of movable horizontal or
vertical fins controlled manually or 
operated automatical^ with time or 
phowelec trie controls

sh u tte r  panel
A louvered awning the metal fins of 
which are angled to shade a window 
from direct sunlight and glare while 
preserving the outside view and 
admitting soft, diffused light. ■

iJ

h  >
I 1 f

sunshade
Any of various exterior devices consisting 
of fixed horiaontal or vertical fins angled to 
shield a window from direct sunlight.

-j II/
f -  brise-soleil

A screen, usuafy of louvers, placed on the 
| outsldeofa building to shield the windows 

from direct sunlight.

sh u tte r  blind 
A manually or electrical^ 
controied exterior Venetian Wind 
fwprotecting a building Interior 
from solar gam and glare.

• solar screen
A panel of miniature external louvers for 
shading a window from direct sunlight and 
glare while allowing a high degree of 
vIsiNSty. dayhghUng. ventilation, visual 
day time privacy, and Insect protection.

Fig. 4.5 Shading devices. (Adapted from Ching, 1995)
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of surfaces especially windows can reduce direct solar heat 

gain by as much as 80% (Chalfoun HED, 1997 week 11). As 

the sun angles change with the time of day and season, 

different orientations require different shading methods. For 

south facing windows, horizontal devices in the form of 

louvers or roof overhangs are most effective. For east and west 

facing surfaces, the solar radiation arrives almost horizontal 

and can be blocked either by vertical fins or trees and bushes.
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More energy is involved in the production, 

transportation, and assembly of building materials than is 

consumed during many years of operation and use of a 

building. The construction of new buildings in the United 

States accounts for 54% of national energy consumption 

(Zeiher, 1996). Modem construction practices tend to rely on 

energy intensive pre-manufactured and often imported building 

materials that are easy and fast to assemble. Interest rates as 

well as high labor costs and tight schedules drive this process 

economically. However, it is misleading to only look at the 

cost of construction materials in terms of economics. A more 

inclusive assessment of materials must be made to include the 

environmental impact of extraction, refinement, fabrication, 

and transportation involved. The amount of waste and 

pollution generated during these processes is also an issue that 

should not be overlooked. The total amount of energy 

consumed in the production of a material is known as 

embodied energy and is generally proportional to the amount 

of waste and pollution produced. Natural materials requiring 

little or no processing tend to be the least polluting.

Using materials that are regional or local is a way of 

reducing energy consumption and the environmental impacts 

of transporting materials. Local materials usually tend to be 

appropriate climatically. In arid regions for example, high- 

mass materials, such as stone and earth, which stabilize interior 

conditions while outside temperatures swing from day to night,

are available, where as 

wood may be scarce due 

to the dryness of those 

regions. Equally 

important is the fact that

Fig. 5.1 Taos Pueblo. (Adapted from Dethier, ^ 6  effects Of Using local 
1981) ,

resources can be

immediately sensed and assessed. If too many trees are cut 

down from a stand in Missoula, for example, only people who 

live there and have any kind of interaction with the area would 

notice and comprehend the consequences. This instills 

awareness and sensitivity in people and makes them 

accountable and responsible for their actions. Many regions 

are robbed of their natural wealth by mining and other similar
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activities where raw materials are extracted and transported 

elsewhere by outside parties, corporations, with little or no 

benefit to the local community. Furthermore, these regions 

often experience irreparable environmental damage 

(Berry, 1969).

Many environmentally sound building techniques and 

materials are not used due to prohibitive labor costs. In many 

instances the building material may be affordable or free, such 

as earth materials, but the labor involved and skill required for 

construction become the limiting factors. In the case of 

Wolfberry farm, students will participate as much as possible 

in the construction process. While allowing some freedom in 

the choice of materials that may be labor intensive, this makes 

the simplicity of design and appropriateness of construction 

techniques imperative. Student involvement in the building 

process will be used as an educational tool for the students as 

well as a demonstration of self-reliance.

This chapter describes the building materials that will 

be used at Wolfberry farm as well as some alternatives, which 

have been considered and tested for thermal performance, 

These materials have been chosen based on their ecological

impact, ease of construction for self-builders, and climatic 

appropriateness. Comparisons with other materials are made 

within each section to explain the choices made. Each material 

is described within the context of the building component to 

which it belongs (wall, foundation, floor, and roof). Since the 

choice of wall system largely drives decisions on foundation 

type, and other components, walls are described first.
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I. WALL SYSTEMS

Skill required Basic, initial supervision Masonry and concrete
experience

Labor intensity High. Repetitive work Moderate

Environm ental Soil, natural, abundant, 
im pact by available locally
com ponent Cement, High embodied

energy

Polystyrene, Recycled- 
but high embodied energy, 
polluting, non 
biodegradable 
Cement, high embodied 
energy
Adhesives, can be toxic

Conclusions Selected Tested but rejected

Fig. 5.2 Wall systems summary table. (Generated by author)

Wall systems are the primary vertical planes of a 

building forming and enclosing interior spaces. They act as 

mediators of the effects of the sun, wind, and rain on the 

interior of a building and in turn they must be durable and

resist these forces. Exterior walls play a major role in 

controlling the heat exchange between indoor and outdoor 

spaces. Depending on their material characteristics, walls can 

regulate heat flow by reflecting, storing, or blocking radiation. 

Low-mass materials with high R-values such as natural fibers 

(wood, straw...) tend to block heat transfer. Such insulative 

materials maintain internal temperatures by minimizing heat 

transfer between inside and outside, and are appropriate for 

very cold and cloudy climates. High-mass materials on the 

other hand regulate temperature in a more dynamic way. 

Thermal mass walls have the capacity to absorb and store heat 

during the day and release it when the temperature drops at 

night and the heat is needed.

Based on the therm al properties of m aterials 

described above, and considering the arid  climate of Chino 

Valley, which experiences large diurnal tem perature 

swings, therm al mass walls can be effective in regulating 

inside tem peratures.
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1. RAMMED EARTH

Earth is an extremely versatile building material that is 

readily available in most parts of the world. Depending on the 

location, climate, available skills, and cost, it can be used for 

all major parts of the building, such as the walls, roof, and 

floors. Earth construction can be monolithic (rammed earth) or 

in smaller components (adobe, infills). Soil can be combined 

with other materials such as straw, cement, or lime, depending 

on its type, to improve its thermal and structural performance. 

Contrary to common belief, building with earth is not a simple 

process and can be quite sophisticated. The fact that earth 

structures can be found in all parts of the world does not mean 

that the technology and knowledge are sufficiently developed 

for everyone. However with careful study, understanding, and 

some guidance, most people can learn to build with earth.

The following statement by the Brazilian architect, 

Savaya de Barros, who has conducted research on earth 

construction techniques for self help housing in Brazil, 

describes the unique synthesis between building, technology, 

and social responsibility that comes about through building 

with earth.

Among other building materials earth is no doubt one 

that maximizes the possibilities o f utilization o f building 

process involving self-construction, professionally assisted or 

not. And the more immediate consequence o f those 

possibilities- acquisition and utilization o f the material- is the 

building o f a political and social community conscience, made 

possible by the autonomy and independence o f action that the 

users dispose o f Savaya, de Barros et al.

,4

Fig. 5.3 Rammed earth wall with bond 
beam relief and Volume displacement 
booxes for windows. (Photo by Mary 
Hardin)

Rammed earth can be 

seen as a replication of the 

natural process that creates 

sedimentary rock. Wind, 

rain, freeze thaw, and sun 

break down rock into fine 

particles that are carried away 

and deposited elsewhere and 

mixed with other particles.

Subsequent layers of earth 

exert pressure on lower
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layers compacting them over thousands of years into new 

forms of rock. In rammed earth construction, pneumatic 

tampers compact the dirt mix into rock in a few minutes.

texture is 48% sand, 20% silt, and 33% clay, fairly ideal for 

rammed earth  construction. Cem ent will be used as a 

stabilizer for the soil as required by code.

a. Construction

Finding the perfect soil for rammed earth walls on the 

construction site is rare. The first step is to understand the 

range of appropriate soils and to amend site soils that may not 

be ideal. Soil particles are classified as gravel, sand, silt, clay, 

or organic matter based on their size as well as chemical and 

physical characteristics such as surface area, cohesion, and 

permeability (see soils table ch.3). These particles are mixed 

together in varying proportions depending on the geology and 

climate of the site. Ideally, a mix of 50 to 75% fine gravel and 

sand, 15 to 30% silt, and 15 to 30% clay should be used 

(SKAT. 1981). Cement is often used to supplement a mix that 

lacks clay while sand or fine gravel is added to clayey soil.

Chino valley soil comes from granite and schist 

parent rock, and is mostly silt with a small percentage of 

clay (soil tests). The composition of W olfberry farm  soil

Fig. 5.4 Rammed earth construction stages. (Adapted from SKAT, 1981)

Setting up the formwork is a major part of rammed 

earth construction and requires a great deal of care. The 

formwork is similar to the type used for poured in place 

concrete. There are three basic types of formwork that are used 

for rammed earth construction based on available resources, 

time, and structural requirements:
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1. In seismic zones where building codes call for 

concrete columns, walls are constructed in piers 

with spaces in between that are later poured with 

concrete.

2. Another method employs continuous formwork 

which produces walls that are virtually seamless. 

This requires extensive formwork and significant 

planning and experience and is therefore only 

carried out by rammed earth contractors and 

specialists.

3. In non-seismic zones walls can be built in small 

sections, one pier at a time. Formwork is set panel 

to panel and sections are locked together directly by 

key ways at the ends. Owner-builders commonly 

use this technique because it requires the least 

amount of formwork and experience.

Fig. 5.5 Formwork Set for pier between window openings. (Photo by Mary
L lo r r ls r iX

The components of formwork are; 2ft high by 8ft long 

panels, 2-ft endboards (for a 2ft thick wall) which run the 

height of the wall, walers, and pipe clamps to tie the panels 

together. First the full height endboards are set in place 

starting at the comers to provide points of alignment for other 

walls. The side panels must overlap the sections below with 

the first course overlapping the stem wall to stand firm.

The pier method (3) is the most appropriate for 

W olfberry farm  buildings.
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Fig. 5.6 Wall with VDB’s for openings ready to be dismantled. (Photo by 
Mary Hardin)

Window and door openings are created by building 

volume displacement boxes (VDB) for the desired size and 

shape. Those are set into the formwork at the desired places. 

Using standard size doors and windows throughout a design 

greatly simplifies this process. The placement of electric 

outlets with in the walls is another thing that needs to be 

planned before ramming.. Electric boxes and conduit are set 

into the formwork and tied in place until enough earth is 

rammed to support them.

When the forms are ready 

and all the details of windows and 

electric outlets are set in place, 

ramming can commence. Mixed 

soil is filled into the forms in 4 to 6 

inch layers that are compacted to 

half that thickness. Ramming is 

done with pneumatic tampers and 

supplemented by hand tamping 

tight areas such as comers and 

edges.

Concrete, wood, or steel lintels can be used to span 

openings for windows and doors. In many cases the selection 

of the type of lintel is an aesthetic decision. Steel lintels are 

embedded into the earth and are not visible except from below 

giving the appearance of a simple wall puncture. Concrete and 

timber lintels on the other hand are exposed. In low walls with 

large windows extending to the top of the wall, the continuous 

concrete bond beam is used to span openings. The concrete 

bond beam is required by building codes to tie earth walls

Fig. 5.7 Rammers. (Photo by 
Mary Hardin)
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together in order to resist earthquakes. The bond beam is also 

used to anchor the roof,

b. Therm al Performance

Earth has an R-Value between 0.25 to 0.30 per inch 

(Easton, 1996), which means that a 24 inch rammed earth wall 

would have a total R-value of 6 to 7.2. This is very low for 

today’s performance standards where an R-l 1 is the average 

for framed wall insulation (Easton, 1996). There are several 

reasons why the thermal performance of earth walls exceeds 

that of other materials with higher R-values. First, earth has a 

high heat capacity, which means that it is capable of storing a 

lot of heat. Rather than resisting heat flow, an earth wall 

absorbs heat during warm periods, and releases it when the 

temperature drops. The period between heat absorption by a 

material and its release into space is known as time lag and is a 

function of the heat capacity of the material and the thickness 

of the wall. The temperature difference between the wall and 

the surrounding air, both inside and outside has a bearing on 

the time lag.

The absorption of heat during w arm  periods and its 

release during cooler times moderates the effect of large 

d iurnal tem perature fluctuations, which are typical of hot 

and tem perate arid  regions such as Chino Valley.

This phenomenon is often described as the “thermal 

flywheel” effect, referring to flywheels on automobiles, which 

functions in a similar way with mechanical rather than thermal 

energy.

Concrete 1.00 0.20

Fig. 5.8 Thermal Storage Material Properties, (adapted from Schwolsky, 1982)

The second reason earth walls out perform predictions 

based on R-value has to do with radiant heat transfer. When a 

person is near an earth wall, they will sense its heat or coolness 

regardless of the surrounding air temperature. This is because 

thermal energy, in the form of radiation from objects, travels
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through space as electromagnetic waves (Wilson, 1998). A 

campfire gives a sense of warmth even with cold air 

surrounding it. The effect of radiation on temperature is 

known as the Mean Radiant Temperature (M.R.T). Edward 

Mazda explains that ‘T°F increase in mrt can have a 40% 

greater effect on body heat loss than a one degree change in air 

temperature.”

Air 77 76 74 73 71 70 69 67 65 64 63 62

temp

Fie. 5.9 Eauivalent Mean Radiant and Air Temoerature lAdaoted from Mazda. 1979)

During the summer months, when the building 

envelope is charged during the day, it is important to ventilate 

the high-mass walls at night. This naturally occurs for the 

exterior walls as outside temperatures drop. However, interior 

mass walls require night ventilation to remove the heat they 

store during the day. The great advantage of thermal mass is 

that it is an effective method of passive solar heating as well as 

cooling. It is a versatile strategy that is reversible, in a sense, 

depending on the climate and thermal needs. As a heating

strategy, thermal mass works to store for heat from internal 

gains an direct solar radiation from windows during the day. 

When temperatures drop, the heat stored in the walls is 

released back into the space. During the summer, the walls 

absorb heat from the exterior and retard its flow towards the 

inside. The time lag, which is dependent upon the wall 

thickness, determines the time it will take for the heat to enter 

the space. For a 24-inch earth wall with a time lag of over 10 

hours , by the time heat approaches the center of the wall, 

outside temperatures fall and the flow is reversed.

High mass walls are only appropriate for hot-arid and 

temperate climatic regions, with clear sky conditions. The 

abundance of solar radiation to charge thermal mass in cool 

climates is imperative for it to function. In cold overcast 

conditions, mass materials, if not insulated on the exterior, will 

have a negative effect. The mass in this case, will absorb heat 

from interior spaces and allow it to escape to the exterior and 

act as a heat sink, wicking internal heat.
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c. Environmental Im pact

As a natural material, earth is highly reusable. It is very 

common for adobe blocks to be reused in new construction if 

care is taken while demolishing old buildings. Soil stabilized 

with organic materials such as lime or manure is biodegradable 

and reusable. When cement is used as a stabilizer, the soil 

becomes harder to break down. The environmental impact of 

cement is described in detail in the foundation section.

Rammed earth walls require neither exterior nor interior 

finishes. This greatly reduces the amount of cement and 

eliminates the necessity for sealants, and paints used for 

protection and surface treatment.

d. Comparison to O ther Wall Systems

This description was meant to give a sense of the work, 

skill and preplanning involved in rammed earth construction. 

Although it is a labor intensive process, the design and 

construction of the formwork are the only complex part 

requiring some basic carpentry skills. The rest of the process is 

repetitive and systematic. Compared to adobe construction, 

there are several advantages to using rammed earth. First it is a

simpler process eliminating the forming and transporting 

blocks. No masonry skills are required which makes it easier 

for inexperienced labor. A wide range of soils with low clay 

content can be used for rammed earth and less water is used 

than in adobe construction. The final product is a wall that 

requires no additional stucco or finish and is less likely to 

crack. Rammed earth is a natural material, constructed with a 

fraction of the energy required by other materials to create 

structures of comparable strength, thermal properties and 

durability. The process is rewarding especially at the 

dismantling of the formwork.

2. INTERLOCKING FOAM -CEM ENT PANELS

These are foam 

panels that are used as 

permanent forms for 

concrete walls and 

foundations. The walls

have a very high
Fig. 5.10 Rastra Bloch wall and window.

(Adapted from Rastra pamphlet) inSUlative Value, and the
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three way grid concrete core makes them structurally sound for 

load bearing. This system, known as Ratara block because of 

the manufacturer, requires much less concrete than regular 

concrete walls or post and beam systems with better thermal 

performance because of the polystyrene panels. The panels are 

easy to handle because of their weight and shape lending itself 

to fast, non-professional construction.

a. Construction

Beginning from a 

comer, the panels are stacked 

and glued together. Several 

sizes of panels are available 

ranging from small block units 

to 10 ft by 30-inch panels, 8.5

Fig. 5.11 Construction of panels. tO 14 inches thick. TWO types
(Adapted from Rastra pamphlet)

of panels make up this

system; standard panels, which are used within walls, and end 

panels, are used as lintels, comers, and around Windows doors. 

When panels for the first story are set, steel reinforcement bars 

are laid within wall cavities, which are then grouted with

concrete creating a monolithic grid system. The walls are then 

finished with brick veneer or stucco.

b. Thermal Perform ance

This wall system works 

thermally by resistive insulation.

Small air bubbles trapped within 

the foam inhibit the transfer of 

heat from one side of the wall to 

the other. This keeps outside heat 

from reaching the interior during 

summer, and minimizes heat loss 

during winter. Manufacturers 

advertise walls built with interlocking foam panels to have 

insulative values from R-21 to R-35 (RASTRA).

Fig. 5.12 Rastra wall 
showing foam and concrete. 
(Adapted from Rastra)

c. Environmental Im pact

Foam panels are made from recycled polystyrene and 

cement with some additives. Polystyrene is a petroleum 

product that requires a great deal of energy to manufacture and 

therefore, recycling it and using it for new construction greatly
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reduces its environmental impact. The concrete used to grout 

the foam panels is manufactured through an energy intensive 

and polluting process that was described earlier in the 

foundation section.

It is very difficult to separate the component materials 

of this system for recycling after demolition. The materials 

don’t lend themselves to recycling and are not biodegradable, 

which makes their disposal a problematic issue adding to 

landfills. Another issue that adds to the complexity of this 

system’s appropriateness is the energy saving achieved by its 

insulative value. Compared to a poorly insulated wall, a well- 

insulated one can result in substantial reductions in a building’s 

heating and cooling loads.

II. SITE PREPARATION

Heavy machinery, work boots, scaffolding and 

equipment on a construction site compact the soil making it 

impossible for plants to grow later. Topsoil is very valuable, as 

it contains a lot of organic matter and minerals, it is the most 

fertile layer of soil. This layer should be gently swiped and 

saved for landscaping after construction is completed. Grading

for surface drainage is done at this stage. Trenches for 

plumbing, electric conduit, and gas line should be carefully laid 

and dug out. This preparatory phase of construction must be 

completed properly before further steps in construction can be 

taken.

III. FOUNDATIONS

Environm ental Steel, High embodied energy but can be recycled 
im pact by Cement, High embodied energy
com ponent

Econom ic High

Conclusions Selected

Fie. 5.13 Foundation Summarv table. (Generated bv author)
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The foundation system transfers the loads of a building 

(the weight of the structure, contents, and occupants) to the 

ground. As an anchor for the building, the foundation resists 

the uplift forces of soil pressure and lateral forces of wind and 

earthquakes. Different foundation systems are used depending 

on the type of soil, and the loads they support. Concrete 

footings are the most common foundation system used to 

support bearing walls and are typically comprised of a spread 

footing and a stem wall. The spread footing, as the name 

implies, distributes the weight of the structure to the ground. 

The stem wall connects the wall to the footing, and raises the 

wall above ground level to reduce the effect of ground moisture 

and rain splash on the base of the wall.

a. Construction

Concrete foundations are built of cast in place 

reinforced concrete. A trench is excavated to the exact width 

of the footing and to the depth required by frost conditions.

The necessary steel reinforcement bars are then placed into the 

trench at appropriate intervals, usually three evenly spaced bars 

at the bottom of the footing, and two 3 inches from the top of

the stem wall (Easton, 1996). Formwork for the stem wall is 

then suspended into the trench at the required distance 

(thickness of stem wall). Concrete is then poured and allowed 

to cure. A detailed account of concrete foundation is beyond 

the scope of this study. A concrete contractor will be 

responsible for the construction of the concrete foundation at 

Wolfberry farm.

b. Thermal Performance

Heat from the interior spaces of the building escapes 

through the slab perimeter where there isn’t enough earth to 

resist its passage. With concrete foundations, it is therefore 

important to insulate the perimeter of the building with rigid 

board.

c. Environmental Impact

The impact and environmental costs of concrete 

construction can be divided into three phases plus the added 

costs related to steel. First is the mining and manufacturing of 

cement and aggregate. The second is transporting, mixing, and
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pouring concrete and the third phase is the demolition and 

disposal or recycling of old concrete.

■ Mining and Manufacturing

, , - x f
-  Raw m aterials con sist o f  combinations o f  

limestone, clay. shah, o y s te r  shells, silica 
" sand, and iron ore.

R nv materials are ground to  powder and
tiended.

» Burning In a ro tary kiln changes raw mixture 
Into cem ent clinker.

calcine
To h ea t a su b stan ce to  a high 
tem perature but without melting or 
fusing to  drive o ff  volatile m a tter  or to  
cau se  oxidation or reduction.

clinker
A fused m ass  o f  incombustible m atter  
resulting from heating in a kiln or the  
burning o f  coal.

Gypsum is  added to  clinker to  
re tard  setting . /

Clinker Is ground Into /  
pordand ce m en t.----- z

clay are mixed and heated in a rotary kiln to produce cement. 

The mixture, which is heated up to 2700° F to generate the 

necessary chemical reactions, turns into a molten state. This is 

then allowed to cool and solidify into pellets which are ground 

with some gypsum and bagged as cement (Steele, 1997). Coal 

and natural gas are the primary fuels burned to heat the rotary 

kilns. Approximately 250 kg of coal, or 187 m of natural gas 

are burned to produce one ton of cement (Steele, 1997). The 

burning of fossil fuels to fire the kilns, as well as the chemical 

process of lime calcination, generate a great deal of carbon 

dioxide, nitrous oxide, sulfur, and other pollutants. The mining 

and transport of limestone and other raw materials to the 

cement plant, the hauling of the finished product to the 

building site, and the construction process add to the energy 

consumption and environmental impact of using cement.

Fig. 514 Cement manufacturing process. (Adapted from Ching, 1995)

Concrete is composed of hydrated Portland cement, 

aggregate, and sand. Cement, which acts as the binder in 

concrete comprises 10 to 20 percent of the mix and is the most 

energy intensive component to manufacture. Limestone and

■ Transport and Pouring

The second phase involves the burning of fossil fuels for 

transporting, mixing, and pumping which are carried out by 

diesel-powered machinery. Concrete construction is also a 

water intensive process where water is necessary for the curing



CHAPTER 5 -  BUILDING COMPONENTS

of the cement. The formwork used for poured in place 

concrete has typically been made of plywood which apart from 

being an energy intensive material made of scarce natural 

materials, is not very durable. Fiberglass and steel panels are 

sometimes used, which although they are energy intensive, 

they are durable and reusable. Simple modular design and 

reusable forms can greatly reduce the energy consumption and 

waste generation of the construction process.

■ Demolition, Recycling, and Disposal

The third phase is the demolition, recycling, and 

disposal of concrete. The construction industry is the largest 

contributor to landfills. The disposal of concrete is problematic 

because it’s recycling adds significant amounts of energy. The 

most effective use of demolished concrete has been its reuse as 

an aggregate for new concrete or paving. This process 

involves the transportation of demolished concrete, separation 

of steel reinforcement bars, and the crushing and grinding of 

concrete into aggregate.

The strength, flexibility of form, and durability of 

concrete maintain it as one of the building industries staples.

There are also several well-established and efficient 

construction methods that have been developed by builders, 

which makes them hesitant to use alternatives.

Several developments have occurred recently aiming to 

reduce the environmental impact of cement manufacturing.

One of the most significant advancement made is the use of fly 

ash in place of sand and part of the cement itself. Fly ash is the 

residue of the coal burnt to fire the kilns and requires little 

preparation for reuse. The recycling of fly ash into the mix 

reduces the solid waste of the process and cuts down on the 

amount of energy consumed. Fly ash can repla.ce between 15 

to 30% of the cement in concrete mixes and adds to the 

strength by enhancing curing (Steele, 1997).

■ Steel

The building industry is the largest consumer of steel 

products. The main ingredients of steel production are iron 

ore, limestone, and coal, each of which is extracted by 

complex, energy intensive processes. The ore is extracted from 

open pit mines which besides being a very wasteful process, pit 

mines contribute to erosion, toxic runoff, and pollution (Steele;
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1997). Coal is heated to remove volatile gases converting it to 

coke. The third major ingredient of steel, lime is quarried from 

open mines using dynamite. These ingredients are transported, 

often by diesel fueled trains, to steel plants.

Steel is produced in a blast furnace by the Bessemer 

process, which has remained virtually unchanged since its 

invention in the late 19th century. The three ingredients are fed 

into the blast furnace where they are melted together producing 

steel through a reductive process. Blast furnaces, once fired, 

remain in operation until their lining is spent.

This brief description is meant to recognize the 

extensive process of steel production and the breadth of its 

ecological effect. It is not realistic to rule out the use of steel in 

construction because of its versatility and outstanding 

structural characteristics. However by recognizing the 

environmental implications of its production, it is necessary to 

use it effectively, recycle it and use less energy intensive 

alternates when possible.

IV. FLOOR SYSTEMS

Skill required High. W ill be contracted Basic carpentry Low
skills

Labor intensity Moderate Moderate Moderate

Environm ental 
im pact by 
com ponent

Cement, High embodied Joists and Very
energy Sheathing, OSB, highigh

Efficient use o f  embodied
wood energy

Econom ic High Moderate V.High
t T , ______ ■

Conclusions Selected Selected Rejected

Fie. 5.15 Floor Svstem Summary table, fGenerated bv author)

Floor systems are the building’s horizontal planes that 

support the live loads of people and furniture as well as provide 

lateral support for walls and vertical elements. Although floor 

systems, apart from exterior decks, are not exposed to weather, 

durability and resilience are required factors. Two types of
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floor systems are described below which will be used in 

Wolfberry farm buildings. A concrete slab on grade will be 

used on the ground level and a wood joist floor system will be 

used for the second level.

1. CONCRETE SLAB ON GRADE

A slab on grade is one of the most common floor 

systems used in the Chino valley region, and is composed of a 

reinforced concrete slab poured over a layer of compacted 

crushed gravel with a moisture barrier. The use of a slab on 

grade reduces the foundation depth necessary to avoid frost 

conditions and therefore reduces the amount of concrete used. 

Radiant floor heating systems can be incorporated into the 

concrete slab to provide clean and efficient heating. An 

experienced contractor should carry out the forming and 

pouring of concrete.

a. Construction

The construction of the concrete slab follows the 

grading and installation of utilities, pipes, and drains. A 4” 

layer of crushed gravel is spread and compacted to provide a

hard even surface on which the slab can sit. A vapor barrier is 

laid over the gravel followed by rigid board insulation along

Fig. 5.16 Radiant heating tubes installed in concrete slab.(Adapted from Easton,
1996)

the perimeter of the slab. Reinforcing steel wire mesh and 

screed boards for providing the desired slab thickness are set in 

place by stakes. When radiant floor heating systems are used, 

the tubing is installed at this stage, laid directly over the wire 

mesh. Once all work has been carefully checked and verified 

against the plans, the slab can be poured, skreeded, and floated. 

When the concrete slab is treated as the finished floor, natural 

pigments maybe added to the mix for desired colors and the 

exposed slab has the added benefit of thermal storage.
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b. Thermal Performance

Ground temperature underneath the slab is fairly 

constant and doesn’t drop below 55°F which reduces heat loss 

(Easton, 1996). Along the perimeter however, where heat can 

escape to the outside because there is less earth to travel 

through, insulation is necessary. Concrete is a mass material 

with excellent thermal storage capacity. More direct radiation 

hits the slab, because it is horizontal, than interior walls. This 

charges it with heat that can be stored during the day and 

released at night.

The integration of a radiant heating system in the slab 

enhances the capacity of the slab to radiate heat into interior 

spaces when needed. This is very effective as it warms the 

interior gradually, and from the ground up with the natural 

thermodynamics.

A radiant floor heating system using solar heated 

fluid with a gas heated backup will be used at the farm for 

supplementary winter heating.

c. Environmental Impact

With minimal treatment of added pigment and careful 

floating and scoring, the concrete slab maybe exposed as 

finished floor. This eliminates the use of more materials and 

resources for floor finishes. The concrete floor slab has the 

same component materials as the foundation, the 

environmental impact of which were described in the 

foundation section. Insulation is discussed in the roof section.

2. WOOD FLOOR

A wood joist system is composed of sheathing boards 

laid across engineered wood joists that span the space and bear 

on the walls. Sheathing panels are necessary to enhance the 

stiffness of the floor joists by acting as a single solid 

membrane. They are also used to hold insulation within the 

floor system. Sound insulation is necessary for the lower level. 

Performance-rated plywood and oriented strand board (OSB) 

are typically used as sheathing materials. In his book 

Sustainable Architecture, James steel gives a detailed 

description of the laborious process of producing plywood, 

outlining the immense amount of energy expended.
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unsustainable logging methods, and the toxic binders used. 

OSB panels have a high-recycled content and use small 

diameter, low-quality trees.

Oriented Strand Board will be used for the 

sheathing over engineered I-joists at Wolfberry farm.

a. Construction

A continuous concrete bond beam is poured over the 

first floor earth walls, with the second story walls being 3 to 6 

inches thinner than the former. This provides a ledge on which 

the joists sit attached to a wood sill plate. The spacing and 

blocking of the joist follows the same procedure described for 

the roof.

b. Thermal Performance

The second story floor being of wood construction, as 

opposed to concrete, does not have any significant role in the 

regulation of interior thermal conditions.

c. Environmental Impact

oriented strandboard  .........................X_
A nonveneered wood panel product 
commonly used fo r sheathing and as 
subflooring, made by bonding three or five 
layers o f long, thin wood strands under 
heat and pressure using a waterproof 
adhesive. The surface strands are aligned 
parallel to  the long axis o f the panel, making 
the panel stronger along its  length.
Abbr.: OSB

waferboard.............................. ....................x .
A nonveneered panel product composed of 
large, thin wood flakes bonded under heat 
and pressure with a waterproof adhesive.
The planes o f the wafers are generally 
oriented parallel to  the plane o f the  panel 
but the ir grain directions are random, 
making the panel approximately equal in 
strength and stiffness In all directions In 
the plane o f the panel.

Fig. 5.17 OSB. (Adapted from Ching, 1995)

Wood is one of most revered natural materials by the 

building industry for its flexibility, strength, and appearance. 

However the large demand for wood has gone beyond the 

capacity of many of the worlds forests to grow and maintain an 

ecological balance. Clear-cutting and other irresponsible 

logging methods that overestimate the resilience of forest 

ecosystems have had catastrophic effects on temperate and
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rainforests worldwide. Some of these catastrophes include 

greenhouse effect, soil erosion, pollutant runoff, and species 

habitat loss (ALA, 1993). It is therefore essential to use woods, 

which have been responsibly harvested, from well-managed 

forests with reforestation programs. Because wood cannot be 

completely replaced by other materials, it is important to use it 

efficiently in buildings and to find alternatives whenever 

possible.

Fig. 5.18 T il's used for roof rafters.(Adapted from Boise Cascades, 1998)

Engineered I-joists are a good example of efficient 

wood use. They are composed of an OSB web and two 

laminated veneer lumber (LVL) flanges. These products use 

small, fast growing, low density, low quality trees, as well as 

recycled wood and scraps (ALA, 1993). Wood chips are heated 

and compressed together and held together by resins. In order 

to prevent decay from moisture and insects, the wood is often 

pressure treated.

Although engineered wood products can reduce the 

amount of wood used in construction by as much as 50%, they 

can have other environmental drawbacks, which must be 

considered. The production process is an energy intensive one 

with an estimated 13,400 Btus per board foot embodied energy 

(ALA, 1993). Some adhesives used in this process contain 

formaldehyde, a toxic chemical and probable carcinogen, 

which may be emitted posing a potential environmental hazard. 

It is therefore important to use formaldehyde-free engineered 

wood products. The safe disposal of treated wood products is 

another important consideration.
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V. ROOF SYSTEMS

Labor intensity Low Moderate

P=rfo 
Environm ental 
im pact by 
com ponent

I F
Engineered joists, efficient Asphalt, energy
use of wood 
Steel, High embodied 
energy, recyclable 
Insulation, Energy 
conserving

High

intensive, polluting, 
petroleum product 
OSB, efficient use o f  
wood 
Insulation

Conclusions Rejected

Fig. 5.18 Roof systems summary table. (Generated by author).

One unchanging element o f all buildings is the roof- 

protective, emphatic, and all important-governing the aesthetic 

whatever the period, wherever the place...The roof dominant, 

shielding, giving the contentment o f shelter.

Geoffrey Bawa.

The roof system, as Geoffrey Bawa eloquently 

describes, is the main sheltering element of a building. It 

protects interior spaces as well as other building components, 

such as walls, windows, and doors, from the direct impact of 

climatic forces. Directly exposed to solar radiation, rain, snow, 

and wind, the roof must control heat flow and air circulation. 

The form of the roof should shed rain and snow to gutters and 

direct the water to either be stored in cisterns or to appropriate 

places on the site such as landscape elements or drainage 

systems. The structure of the roof must be designed to carry its 

own weight (dead load) as well as the live loads of snow, rain, 

wind, and people.
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Pitched roofs have traditionally been used in the 

Chino Valley region to shed monsoon rains and occasional 

winter snows. Pitched metal roofs will be used at 

Wolfberry farm for rain water harvesting and to protect 

the earth walls from direct rain.

The major components of this type of roof system are 

joists, purlins, insulation, and a metal membrane.

Spanning across spaces, joists form the skeletal 

structure of the roof carrying its load to the walls. Engineered 

wood I-joists, open web metal, and wood trusses were 

considered for use at Wolfberry farm. Based on structural 

performance, environmental impact, and ease of construction, 

wood I-joists have been selected. A more detailed description 

of each of these criteria is given in the following section.

Sheathing panels are often used to enhance the stiffness 

of the roof joists by acting as a single solid membrane. 

However, when using a metal roof, the metal membrane 

replaces the structural role of the sheathing. Purlins are used to 

brace the joists and work as a surface to which the metal is 

fastened.

Of all building envelope surfaces, the roof is exposed 

to the most severe climatic conditions. During the summer, 

because of the higher sun angle, the roof is subjected to intense 

solar radiation and becomes a major heat collector. The 

situation is reversed during the winter where the roof becomes 

a major source of heat loss because of the tendency of hot air to 

rise. It is therefore essential to properly insulate the roof in 

order to minimize heat gains and losses. The most common 

thermal insulation materials are fiberglass, mineral wool, 

cellulose, and expanded plastics and foams.

The roofing membrane is the last element of the roof 

and is the protective layer for all other components. The 

roofing material must be durable and waterproof. Wood and 

asphalt shingles have been commonly used for roofing, 

however they require maintenance and sometimes replacement. 

Metal roofing has been chosen because of its durability and 

ease of installment. Although metals are energy intensive 

materials, their recyclability and durability justifies their use. 

Another significant advantage of using metal roofing is that 

they do not support biological growth or hold nor leach 

pollutants as wood or asphalt shingles do, which makes them
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ideal for rainwater harvesting. The elimination of sheathing 

necessary for other roofing systems is a significant advantage 

of using metal roofs.

a. Construction

A wood sill plate is anchored into the bond beam on top 

of the earth walls to which the j oists are connected. For the 

joists to fully rest on the walls, a beveled plate or wedge cut to 

compensate for the roof pitch is fastened to the sill plate. The 

joists are then set on top of the bevel and temporarily braced at 

4 ft o.c. The selection of engineered wood I-joists was largely 

influenced by their ease of handling. Compared to steel joists, 

they are much lighter and can be set in place by two people. 

When all joists are set at the correct spacing, blocking is placed 

in between members with 1.5” diameter holes at 12” O.C. for 

roof ventilation.

Purlins are nailed to the joists in a staggered pattern. 

Insulation is placed between the joists either sprayed in or laid 

in rolls. A moisture barrier is placed over the sheathing for 

protection, and then the metal membrane is laid. End lapping

and proper fastening should follow manufacturers’ 

recommendations.

b. Thermal Performance

As discussed earlier, the roof is the building component 

that should be most heavily insulated. An R-30 minimum 

resistance will be used for the Wolfberry farm residence and 

Agroecology center. For added insulation, as well as moisture 

protection, the roofs will be ventilated. The circulation of air 

through the roof increases thermal resistance as well as 

exhausts built up heat.

The color of the roof surface has a significant effect on 

heat absorption. Light colors reflect heat reducing cooling 

loads. For Chino valley where there are significant heating as 

well as cooling loads, a medium color roof will be used.

c. Environmental Impact

■ Joists
These are discussed in the floor section.
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■ Insulation
The energy conserved in heating and cooling due to 

proper insulation should be kept in mind when considering the 

environmental impact of insulation. In general, fiber insulation 

in the form of cellulose, fiberglass, mineral wool, and cotton, 

have lower environmental impact than foam plastic insulation 

(ERG, 18). The elimination of ozone depleting HCFC blowing 

or expansion agents by cellulose insulation and the fact that it 

consists of recycled newspapers makes it an environmentally 

safe material. Other possibilities include non-CFC foams, 

fiberglass insulation, and high recycled material content 

insulation.
Environmental Performance of Insulation Materials (Adapted from the Environmental 
Resource guide, 1993)
1-Excelent 2-Very Good 3-Good 4-Reasonable 5-Poor 6-Very Poor

■ Metal Roofing

This is a corrugated steel membrane with a protective 

coating of tin or aluminum. The environmental impact of steel 

is described in the foundation section. Using a metal roof 

eliminates the need for sheathing as the metal acts as a single 

stiffening membrane.
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VI. WINDOWS

Virtually a staple of passive solar design, windows are 

complex systems of glass, wood, plastic, metal and inert gases. 

Multiple layers of glazing form insulative spaces between the 

glass, which increase the window’s thermal resistance. The 

space between the panes is often filled with an inert gas, such 

as Argon, that adds to the insulative value of glazing. Low 

emissivity coatings reflect radiant heat and are used to keep 

heat inside in cold climates, and out in hot regions depending 

on which surface it is applied to.

With the advancements made in glass technology, 

window frames can become the weak link regarding thermal 

performance. Heat can escape, or enter a building by 

infiltration through window frames, or by conduction if there 

are no thermal breaks within the frames. Wood composites of 

resin and scrap fiber are good alternatives to wood, which is 

becoming increasingly scarce. Metal frames must have 

thermal breaks within since they are excellent heat conductors. 

Their strength, durability, and low maintenance make them 

appealing for builders and homeowners.

Double glazed windows with 0.38 U-Value or less 

will be used at Wolfberry farm. This is the minimal 

standard of performance for windows and may be 

surpassed.

Comparing recycled materials to natural biodegradable 

ones in terms of environmental impact is very complex. 

Recycling a material like polystyrene, an extremely energy 

intensive petroleum product, is in itself an energy intensive and 

polluting process. However, using a waste product for 

construction, old polystyrene in this case, which would 

otherwise end up in a land fill and remain intact for hundreds 

of years has some advantages. Eventually, however, the 

building will be demolished and the polystyrene will end up in 

a landfill and the benefit of using it becomes merely prolonging 

an inherently wasteful process. Natural materials on the other 

hand have to be extracted (earth and stone) or harvested (wood 

and straw) and transported, unless they are used on site.
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Residential Q uarters

The Wolfberry

residential building was chosen 

to demonstrate and asses 

passive solar design principals 

and the performance of various 

building materials in the Chino 

Valley region.

I. DESCRIPTION OF TH E RESIDENTIAL QUARTERS

The building is 3910 sq.ft, and is designed to accommodate a 

group of 15 people sharing common living, dining, and kitchen 

spaces. Private areas, consisting of bedrooms and bathrooms 

are separated from the public areas. The sleeping rooms are 

divided into two levels with four double rooms sharing a 

bathroom on each level, and a guest bedroom with a private 

bath on the ground floor.

wwmWrfi'iuwwm,HiiMTtnr»rr»rrrwMr‘rt

Fig. 6.2 residential Quarters layout. (Drawn by author)

In specifying the materials for the basecase (initial 

design which forms the basis for comparison), two different 

approaches to passive solar design were considered. An 

insulative envelope, which would minimize thermal gains and 

losses, and a thermal mass envelope, which would store heat 

during over heated periods and release it when needed, were 

identified as valid possibilities. The thermal mass model 

required optimization of several variables such as the 

percentage of southern glazing, storage capacity and 

orientation while the insulated model would rely on efficient
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components. Wood frame construction, which is the standard 

type of construction in the Chino Valley area, relies on 

insulation to improve energy efficiency. The challenge of 

using the thermal mass was taken to demonstrate its merit as an 

alternative approach to standard norms and because of its 

interactive qualities. The following parametric study outlines 

the variables examined and optimized which have generated 

the final design.

1. Form  and Organization

The building is composed of two offset rectangles, 

elongated along an east west axis, one housing common or 

public areas and the other more private ones. The southern 

rectangle is one open space created by the living, dining, and 

kitchen spaces with a loft space above the kitchen. These 

spaces receive ample sunlight and warmth, with the kitchen 

facing both east and south, and thereby receiving morning 

light. Sleeping spaces are on the north side of the building 

receiving little direct light except during early mornings and 

late afternoon summer days. The bedrooms and bathrooms are

srnnwn i rv n

RESIDENCE GROUND LE VEL

Fie. 6.3 Plan. (Drawn bv author).

arranged along a south-facing corridor with windows providing 

solar access.

The lower side of the walls for the bedrooms faces 

north to reduce heat loss, while the south side is higher to 

increase gain.
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2. M aterials

Fig. 6.4 Section cetail o f wall, roof and foundation. (Drawn by author)

The initial design (basecase) was a high-mass model 

with 2 foot thick rammed earth walls with an R-7 resistance. 

Interior walls were standard wood frame construction with 

accoustic insulation. The roof specified was a light color metal 

roof with 30% absorptance, with a 3:12 pitch (14°). R-19 

insulation roof insulation was used to reflect typical residential 

construction standards. An exposed 4-inch concrete slab on 

grade was used without perimeter insulation.

Fig.6.5 Rammed earth wall and foundation. (Photo by Mary 
Hardin)
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3. Glazing

The initial design had 415 sq.ft, of single pain glazing 

of which 74% faced south, 20% faced north, 4% faced east, 

and 4% faced west. Because the main source of direct solar 

gain is south facing glass, the ratio of south glazing to floor 

area is more significant and often used to describe a building’s 

direct gain capacity. Edward Mazria recommends 12% south 

glazing to floor area ratio for temperate climates, which was 

used for the basecase. This included four 2x2 south facing 

clerestory windows. Set into the thick rammed earth walls, all 

windows had a 6-inch overhang for shading.

II. ANALYSIS METHOD AND COM PUTER 

SIMULATION

The thermal performance of the design was calculated 

by computer modeling using C ALP AS 3 computer energy 

simulation program. By performing an annual hourly 

simulation, the program calculates the buildings thermal gains 

and losses. The sophisticated simulation engine considers air, 

material surface, and mass temperatures throughout the

building as well as heat transfer between components, and the 

effect of external climatic conditions. Heating and cooling 

loads are predicted to maintain designer specified indoor 

temperatures.

The C ALP ASS program generates a detailed output 

report describing the performance of the building during an 

entire year. The energy flows in the form of conduction and 

infiltration gains and losses, internal gains, thermal storage, 

and solar gains were analyzed to identify the contributing 

components. A parametric analysis was conducted, where 

appropriate energy performance improvement strategies were 

identified. Each strategy was individually optimized and tested 

in order to determine its effectiveness compared to the 

basecase.

The strategies and materials that proved to be effective 

in reducing the heating and cooling loads of the residential 

quarters building were combined in a final case. Because not 

all strategies can be combined, additional modifications were 

necessary to make them compatible. The final recommended 

design is the product of this process.
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III. ENERGY ANALYSIS ISSUES

The simulation of the initial design provided important 

information about its thermal performance in terms of seasonal 

heat gains and losses. The pie charts below show the methods 

by which heat was gained and lost through the building 

envelope.

WINTm HEAT GAINS AND LOSSES SUMVER HEAT GAMS AND LOSSES

ifiTRG
5%%

COND 
57%

13%

Fig. 6.6 Seasonal gains and losses. (Generated by author)

During the winter, 57% of heat loss is by conduction, 

indicating a need for insulation. On the other hand, direct solar 

radiation during the summer accounts for 47% of heat gain, 

indicating the need for shading. Heat gain by conduction 

during the summer accounts for 26% of the building’s total

gains.

CONDUCTION ANALYSIS

WIND 
30% X

WALL
41%

DOOR S
2%

Fig. 6.7 Conduction Anlvsis. (Generated bv author)

A conduction analysis based on the area weighted U- 

values and outside conditions helped identify the building 

components through which heat was gained and lost by 

conduction. 41% was contributed to the mass walls and 30%

to windows. The conduction analysis however, does not take 

into account the thermal dynamics of mass materials (storage, 

time lag, and effective R-value).

The analysis of the buildings thermal performance 

indicated that the winter heating loads are significantly greater 

than summer cooling loads (6.5 times greater). Since the 

ultimate goal of passive solar design is to minimize the need
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for mechanical heating and cooling, most of the strategies 

tested focused on passive heating systems.

1. Compact Building Form

An optimum form is one that has minimum heat gain 

during the summer and the minimum heat loss in winter. It is 

generally accepted that a rectangular form elongated along an 

east-west axis is the optimum building form for most climates. 

Such a form increases winter heat gains from the south and 

reduces them during the summer from the east and west. 

However a form elongated to increase winter heat gain is also 

subject to increased heat loss at night. The basecase had a 1:2 

ratio of east and west to north and south walls. This was 

changed to 1:1.6 by sliding the two offset rectangles together 

decreasing the surface are exposed to the outside.

The result was a 10% reduction in the heating loads. 

This is due to the reduction in the building’s surface area as 

well as the perimeter of the slab through which heat is lost. 

Cooling loads on the other hand increased by 4% because the 

massive walls had less exposure to release stored heat at night.

' . —

C o m p a c t  
F o rm

Fig. 6.8 compact building form. (Drawn by author)

Fig. 6.9 Compact form energy savings. (Generated by author)
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2. Materials
a. Interlocking Foam-Cement Block

Made from recycled polystyrene and cement, these 

blocks make a super-insulated wall. With an insulation value 

of R-30, an upgrade from the R-7 of the rammed earth walls, 

the material works by minimizing heat gains and losses 

through the walls. This material demonstrates the insulated 

envelope approach discussed earlier.

Fie. 6.10 Foam cement block energy savings, fgenerated bv author)

The effect of insulation was beneficial during the winter 

months. A 27% reduction in heating loads testifies to the 

importance of minimizing heat loss through walls. In the 

summer however, the effect of insulation was not beneficial. 

Cooling loads increased by 49% as a result of heat being 

trapped indoors. The net result was 17% reduction in thermal 

loads. A cooling strategy such as night ventilation or

evaporative cooling would be necessary to enhance the 

performance of the insulation during the summer.

In order to determine the effectiveness of various 

insulative materials, several computer runs were made using 

insulation values ranging from R-3 to R-55 (straw bale).

The results from these runs, plotted on the following graph, 

show the decreasing effectiveness of insulation (diminishing 

returns) over R-19.

140.000

120.000

£w

!
$
5

100.000

80.000

60.000

40.000

20.000

0.000
R-3 R-5 R-7 R-9 R-13 R-19 R-28 R-30 R-38 R-55

R-Value of Walls
Fig. 6.11 Effectiveness o f insulation. (Generated by author)
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b. Exterior Insulation

The storage of thermal energy by mass materials during 

warm periods and its release during cooler ones occurs through 

the surface layer of the material. The effectiveness of this 

interactive layer is highest within the first 4 inches gradually 

decreasing beyond that as time lag increases (Chalfoun). The 

thickness of the wall beyond the interactive layer adds 

insulation reducing thermal flow as well and prevents rapid 

heat loss and gain. Adding insulation to the exterior of earth 

walls further increases their thermal resistance and reduces the 

impact of extreme external conditions.
C0H*s6tE DOWD tCAM
iV jammedfAFTHWAU.

4* CONCRETE 
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R-9 RIGID BOARD 
INSULATION

FETE FOOTING

m i i i i i P i
j n s u u s

Rigid board insulation with an R-9 insulative value 

applied to the exterior surface of the walls was simulated. The 

added resistance was mostly effective during the winter 

reducing the heating loads by 27%. During the summer the 

insulation was not very effective, reducing cooling loads by 

2%. The overall effect of exterior insulation was a 24 % 

reduction in loads.

Fie. 6.13 Exterior insulation enerev savines. fGenerated bv author)

Fig. 6.12 Exterior insulation. (Drawn by author)
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c. Roof Insulation

The roof is a major source of heat gain during the 

summer and loss during the winter. Roof insulation was 

upgraded from an R -19 to a vented R-38 by adding insulation 

and venting it. This strategy worked for both seasons saving 

4% on cooling loads and 6.6% on heating with a net overall 

load reduction of 6.3%.

Fig. 6.15 R-38 Roof energy savings. (Generated by author)

Fig. 6.14 Roof insuation. ( Drawn by author).
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d. Perimeter Insulation

Heat is lost by conduction through the slab to the 

ground and by convection and radiation to the outside through 

the exposed perimeter. The conduction analysis showed that 

18% the building’s total heat loss occurred through the slab

APPLICATION 17]

F ig. 6 .1 7  Slab perim eter insu lation  en ergy  sa v in g s. (G enerated by 

author)

perimeter. Slab edge insulation is laid vertically against the 

stem wall, horizontally along the slab perimeter, or in an “L”

form combining both.

When applied to the basecase, the slab-edge insulation 

reduced heating loads by 13%. Cooling loads increased 7% 

due to the reduction in heat loss through the perimeter. The net 

result was a 10.5% reduction in loads.
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3. Glazing

a. Percentage of Southern Glazing

The percentage of south glazing directly affects the 

buildings solar gain. The initial design had 12% (of floor area) 

southern glazing. In order to increase the buildings capacity 

for direct solar gain to charge the mass walls, the glazing area 

was increased to 15 and 20%.

F ig. 6 .1 8  P ercentage o f  southern g la z in g  . (G enerated by author)

reduced heating by 11% while increasing cooling by 68% with 

insignificant net savings of 0.5%.

The increase in glazing area cannot be optimized 

independently because other measures are necessary to make it 

effective. Summer time shading for example would improve 

the performance of the direct gain system by reducing 

insolation. The appropriate proportion of glazing was further 

optimized in the final combined case.

Being a heating strategy, the increased south facing 

glass area reduced heating loads and increased cooling loads. 

The 15% south glazing reduced heating by 6% and increased 

cooling by 32% with 1.8% net saving. The 20% glazing
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b. Clerestory Windows

Another approach to increasing solar gain is the use of 

clerestory windows. Placed high in south walls, clerestory 

windows admit sunlight into deep spaces. Roof overhang can 

provide the necessary shading for clerestory windows during 

summer months and should therefore be calculated to admit 

low winter sun.

Clerestory windows were used in the south wall to 

admit sunlight into the bedroom corridor. The bedroom walls 

facing the corridor have openings to allow direct and diffused 

light into the bedrooms. The walls themselves are used to store 

some of the thermal energy entering the space. 12 clerestory 

windows, each 2ft x 2f were added increasing the glazing area 

from 12% to 14%. This increased cooling loads by 8% and 

reduced heating loads by 2% giving a net saving of 1.8%.

F ig. 6 .2 0  C lerestory W in d o w s energy  sa v in g s. (G enerated  by author)

Fig. 6.19 Clerestory windows. (Drawn by author)
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c. Double Glazing

Windows are a major source of heat loss during the 

winter and heat gains during the summer. The conduction 

analysis of the basecase design revealed that 30% of thermal 

gains and losses occurred through the windows. This 

percentage increased when the glazing area was increased for 

direct solar gain. Double glazing reduces heat loss and gain 

through conduction, convection and radiation.

F ig. 6 .21  D o u b le  G la zin g  en ergy  sa v in g s (G enerated by  author)

The single pain windows in the basecase had a U-value 

of 1.11 that was upgraded to double glass windows with a U- 

value of 0.64. This was a very effective strategy that reduced 

cooling by 7.4, and heating by 14.3 % with net savings of 

13.5%. More efficient windows are available in today’s 

market with argon gas and low emissivity glass reaching a U- 

value of 0.30 and less. The cost of these windows is the 

determining factor in their use. Double-glazing was selected as 

a minimum standard for the windows and to demonstrate the 

effectiveness of efficient windows.
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d. Insulation Shutters

Another way to reduce thermal gains and losses through 

windows is by using insulative shutters. These are controlled 

from the inside by the users and would be closed during winter 

nights and summer days as needed. The shutters have an R-9 

insulative value and can seal a layer of air between them and 

the glass. Tracks and weather seals may be necessary to seal 

the air in-between the shutter and the glass, isolating the inside 

air from the glass surface.

The use of insulative shutters had a strong impact on 

the reduction of the building’s thermal loads. Cooling 

decreased by 67% and heating by 30.4% resulting in 34.4% net 

savings. The users of the building are directly involved in this 

strategy and are responsible for closing the shutters. The 

effectiveness of it is largely dependent upon the users’ 

awareness.

Fig. 6 .2 3  Insu lative shutters en ergy  sav in gs. (G enerated by  
author)

Fig. 6 .2 2  Insu lative shutters. (A dapted from  
S c h w o lsk y )
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e. Natural Ventilation

Ventilation is essential for cooling thermal mass 

buildings. Heat stored in the walls during summer days is 

effectively exhausted to the outside by night ventilation. This 

enables the mass to store more heat the following day, keeping 

the interior cool. The placement of operable windows for

P R E V A  IL

Fig. 6.24 Site plan showing wind directions. (Drawn by author)

effective cross ventilation is necessary. Clerestory windows 

are ideal for exhausting warm air and increasing the stack 

effect.

F ig. 6 .2 5  S ection . (D raw n by author)

The percentage of total glass area that is operable, and 

their placement determines the effectiveness of ventilation. 

Simulations were run to determine the optimum percentage of 

operable windows for the given amount of mass. A range of 

percentages tested between 10% to 50% showed that 30% of 

the total glass area needed to be operable for ventilation. This 

was very effective, reducing cooling loads by 98%, eliminating
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the need for mechanical cooling. Heating loads were not 

affected.

V en t 30%  245  9 8 .2  8 7 ,0 0 6  -0 .2  12 .9
o f  G lazin g

F ig . 6 .2 6  V entilation  energy  sav in g s. (G enerated by author) 

f. Trees for Shading

Plants are valuable microclimate modifiers as they filter 

light, transpire, block wind and add oxygen to the air. 

Deciduous trees provide shading during the summer and solar 

access during the winter as they loose their leaves. The proper 

placement of trees and bushes for wind control and shading 

greatly enhances outdoor spaces. Deciduous trees were placed 

on the east and west sides of the residential quarters to reduce 

the impact of late morning and afternoon sun. No trees were

placed in the south to allow unobstructed solar access during 

the winter. The result was a 7% reduction in cooling loads.

F ig. 6 .2 7  T ree shade en ergy  sav in g s. (G enerated by author)
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4. Heating Systems

a. Sunspace

Attached sunspaces can greatly enhance solar heat 

collection and storage as well as provide useable living and 

plant growing space. Overheated air from the sunspace warms 

the building and excess heat and direct radiation are absorbed 

and stored by thermal mass. The sunspace creates a controlled 

buffer zone that reduces heat gain and loss form the building 

envelope and perimeter to the outside. The major components 

of a sunspace are the collector, storage mass, and coupling 

controls. Different configurations of these components can 

create the 4 major types of attached sunspaces shown below:

1 2  3 4
Open Wall Direct Gain Thermal Storage Wall Air Exchange
Subsystem  Subsystem  Subsystem Subsystem

An air exchange sunspace was attached to the south 

wall of the living area accessible through sliding glass doors. 

In order to optimize the performance of the sunspace, the 

various components were manipulated with the following 

results:

1. Collector should be double glass, tilted 60° for 

maximum collection with night insulation.

2. Storage in 24” rammed earth wall and 4” exposed 

concrete slab with perimeter insulation.

3. Coupling through sliding glass door and operable 

windows to control air-flow between sunspace and 

building. Ventilation must be provided to exhaust 

excess heat to the outside during the summer.

The i  lire p ice opens The open connection The shared wall between The m ass wall contain
directly to the living spaces between the sunspace and the sunspace and die living operable vents (manual or
and Is basically an (he living spaces Is spaces Is a m ass wall automatic) for convection
extension of these areas replaced by a glazed wall (Enlarged Trombe wall) heat transfer

Fig. 6 .2 8  Sunspace sy stem s. (A dapted  from  H E D )
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Fig. 6 .2 9  Su n sp ace section . (D raw n by author)

The attached sunspace with the parameters described 

above reduced the building loads by 28%.

6 0 °  T ilt 10 ,496

b. Radiant Floor Heating System

Heat transfer by radiation occurs through 

electromagnetic waves, and is independent of air temperature.

A person standing near a warm object senses the radiant heat 

from the object even when the surrounding air is cooler. 

Radiant floors operate by this principal of heat transfer. Warm 

water circulating through special tubes imbedded in the slab 

provides radiant heat to internal spaces. This is an efficient 

heating method especially when solar energy is used to heat the 

fluid. The system is composed of a water heater (solar with a 

backup heater), circulation pump, mixing valves, and tubing. 

The tubes are laid over the reinforcing mesh in the slab, then 

concrete with gypsum is poured over it. This system can be 

zoned using thermostats to control each zone independently so 

that unused rooms can be turned off.

Fig. 6.30 Sunspace Energy Savings. (Generated by author)
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IV. FINAL RECOMMENDED DESIGN

In combining strategies described in the parametric 

analysis, some modifications were necessary as the 

optimization of one variable may compromise the effectiveness 

of another. For example, by integrating an attached sunspace, 

the percentage of southern glazing had to be changed to 

14%glass and 13% sunspace.

The following table shows the strategies implemented in the 

final design and summarizes the energy performance.

Fig. 6.31 South west isomeric. (Drawn by author)

I RESIDENCE SFCONin LE VEL

Fig. 6.32 Plan . (Drawn by author)
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Basecase South 13,266
% Sav

86,872
'%'SkV''

100,138
% Sav

6.250 50.179 56.429
10 Deg. East 13,843 (4.3) 87,348 (0.5) 101,191 (1.D 6.522 (4.4) 50.454 (0.5) 56.976 (1.0)
22.5 Deg. East 15,977 (20.4) 89,231 (2.7) 105,208 (5.1) 7.528 (20.4) 51.541 (2.7) 59.069 (4.7)
10 Deg. West 13,721 (3.4) 87,374 (0.6) 101,095 (1.0) 6.465 (3.4) 50.468 (0.6) 56.933 (0.9)
22.5 Deg West 15,584 (17.5) 89,196 (2.7) 104,780 (4.6) 7.342 (17.5) 51.521 (2.7) 58.863 (4.3)
Rastra block wall R-30 19,794 (49.2) 62,725 27.8 82,519 17.6 9.326 (49.2) 36.231 27.8 45.557 19.3
Double Glazing 12,289 7.4 74,447 14.3 86,736 13.4 5.790 7.4 43.002 14.3 48.792 13.5
Night insulation smr 4,346 67.2 87,091 (0.3) 91,437 8.7 2.048 67.2 50.305 (0.3) 52.353 7.2
Night insulation wntr 17,778 (34.0) 60,449 30.4 78,227 21.9 8.376 (34.0) 34.916 30.4 43.292 23.3
Night insulation Comb 4,346 67.2 60,499 30.4 64,845 35.2 2.048 67.2 34.945 30.4 36.993 34.4
R38 Roof 12,706 4.2 81,160 6.6 93,866 6.3 5.987 4.2 46.879 6.6 52.866 6.3
40% Roof Absorp. 13,989 (5.5) 86,289 0.7 100,278 (0.1) 6.591 (5.5) 49.842 0.7 56.433 (0.0)
50% Roof Absorp. 14,742 (11.1) 85,709 1.3 100,451 (0.3) 6.946 (11.1) 49.507 1.3 56.453 (0.0)
60% Roof Absorp. 15,528 (17.1) 85,133 2.0 100,661 (0.5) 7.316 (17.1) 49.174 2.0 56.490 (0.1)
70% Roof Absorp. 16,335 (23.1) 84,560 2.7 100,895 (0.8) 7.697 (23.2) 48.843 2.7 56.540 (0.2)
80% Roof Absorp. 17,165 (29.4) 83,990 3.3 101,155 (1.0) 8.087 (29.4) 48.514 3.3 56.601 (0.3)
2ft North Windows 12,136 8.5 84,566 2.7 96,702 3.4 5.718 8.5 48.847 2.7 54.565 3.3
8 2ft Clerstory 13,791 (4.0) 85,957 1.1 99,748 0.4 6.498 (4.0) 49.650 1.1 56.148 0.5
12 2ft Clerstory 14,329 (8.0) 85,070 2.1 99,399 0.7 6.751 (8.0) 49.138 2.1 55.889 1.0
15% South Window 17,528 (32.1) 81,594 6.1 99,122 1.0 8.258 (32.1) 47.130 6.1 55.388 1.8
20% South Win 22,330 (68.3) 77,314 11.0 99,644 0.5 10.521 (68.3) 44.658 11.0 55.179 2.2
2ft Overhang 11,926 10.1 89,922 (3.5) 101,848 (1.7) 5.619 10.1 51.940 (3.5) 57.559 (2.0)
3ft Overhang 11,296 14.8 94,301 (8.6) 105,597 (5.5) 5.322 14.8 54.470 (8.6) 59.792 (6.0)
Perimeter Insulation 14,244 (7.4) 75,859 12.7 90,103 10.0 6.711 (7.4) 43.817 12.7 50.528 10.5
Exterior Insulation 12,986 2.1 63,147 27.3 76,133 24.0 6.119 2.1 36.475 27.3 42.594 24.5
Trees East & West 12,351 6.9 87,153 (0.3) 99,504 0.6 5.819 6.9 50.341 (0.3) 56.160 0.5
Compact 13,816 (4.1) 77,842 10.4 91,658 8.5 6.509 (4.1) 44.963 10.4 51.472 8.8
Natural vent 10% Glass 1,066 92.0 86,996 (0.1) 88,062 12.1 0.502 92.0 50.250 (0.1) 50.752 10.1
Natural vent 30% Glass 245 98.2 87,006 (0.2) 87,251 12.9 0.115 98.2 50.256 (0.2) 50.371 10.7
Natural vent 50% Glass 175 98.7 87,009 (0.2) 87,184 12.9 0.082 98.7 50.340 (0.3) 50.422 10.6

Combined W/out X-insI - 100.0 19,755 77.3 19,755 80.3 0.000 100.0 11.411 77.3 11.411 79.8
Combined w/ ss/15cs - 100.0 1,055 98.8 1,055 98.9 0.000 100.0 0.609 98.8 0.609 98.9
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CONCLUSION

The methodology followed in the design process of 

Wolfberry farm began with outlining the spatial needs of the 

facility and their relations to one another. An analysis of the 

physical context followed, which focused on climatic forces 

and their impact on people and plants. The analysis revealed 

the human thermal needs of the region and helped generate a 

diverse range of potential solutions. The Chino valley region 

required approximately 6 times more heating than cooling. 

Further more, the large diurnal temperature variations, typical 

of arid regions, indicated a need for massive materials to 

moderate that effect.

Building materials and construction methods were 

determined based on the following criteria:

1. Thermal performance.

2. Appropriateness for self-build applications.

3. Environmental impact.

Rammed earth walls were identified as an appropriate 

construction system for the residential quarters at Wolfberry 

farm, based on the criteria listed above. It was chosen after 

being compared to insulative materials such as interlocking 

foam panels (known by the brand name RASTRA). The major

heating strategies, which were effective in combination with 

the massive earth walls, were an attached sunspace, and direct 

gain systems. These were optimized using computer energy 

simulations.

Computer energy simulations were used as a tool to 

assess the performance of the design, various materials, and 

passive solar strategies. This was found to be a useful tool for 

guiding design decisions regarding the thermal performance of 

the building and its components. This systematic approach 

helped identify the strengths and weaknesses of the design, and 

was used to optimize the design.

The work described in this report is a step towards 

materializing Wolfberry farm and is meant to be added to and 

improved upon by others. The complexity of the process lends 

itself to the bridging of disciplines and the collaboration of 

efforts.
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Appendix 2. CHINO VALLEY HOURLY CONDITIONS



P resco tt W e ath e r File

Hourly Conditions 

17-dan
Dry Bulb Wet Bulb Relativ Humidity :

1 31 28 75
2 31 28 75
3 31 28 75
4 31 28 75
5 31 28 75
6 30 27 70
7 30 27 70
8 29 27 65
9 29 27 65

10 35 30 60
11 40 33 SO
12 46 37 45
13 49 39 40
14 53 40 25
15 56 42 20
16 57 43 22
17 58 43 24
18 59 43 25
19 53 40 25
20 48 37 45
21 42 34 40
22 39 32 40
23 35 31 60
24 32 29 70

15-Feb

Dry Bulb Wet Bulb Relativ Humidity SBM
1 38 32 70
2 36 33 80
3 34 33 90
4 34 34 100
5 34 34 100
6 34 34 100
7 33 33 100
8 33 33 100
9 32 32 100

10 34 34 100
11 35 35 100
12 37 36 90
13 37 36 90
14 38 37 90
15 38 37 90
16 38 37 90
17 39 38 95
18 39 37 90
19 39 37 90
20 38 35 75
21 38 34 70
22 37 33 70
23 36 32 70
24 35 32 70

SQL Wind speed Wind Direction
0 0 8 180
0 0 7 180
0 0 7 180
0 0 7 180
0 0 7 180
0 0 7 180
0 0 7 180
2 2 7 180

20 35 7 180
19 92 8 225
15 140 9 292
14 173 9 337
14 185 11 337
14 178 12 315
15 152 14 315
17 110 11 337
20 57 8 0

6 10 5 22
0 0 5 337
0 0 5 292
0 0 6 225
0 0 6 225
0 0 6 202
0 0 7 180

SQL Wind speed Wind Direction
0 0 12 225
0 0 10 225
0 0 9 247
0 0 9 225
0 0 9 225
0 0 9 202
0 0 6 247
3 3 3 315

34 38 0 0
60 76 4 315
79 107 9 292
92 130 13 247
95 138 13 247
94 136 13 247
86 119 13 247
70 92 12 247
47 57 12 247
15 16 11 247

0 0 9 247
0 0 7 247
0 0 5 247
0 0 5 247
0 0 6 247
0 0 7 225

0
000
0
0
0

14100
232
282
300
304
300
286
254
174

580
00000

0
0000
00
2

18
40
52
60
64
64
56
46
30
100
00
0
0
0

January Hourly Temperature

9 11 13 15 17 19 21 23

-----Drybulb

------WetSulb
Temp.

Hour

January Hourly Winds

13 15 17 19 21 23

February Hourly Temperature

1 3 5 7 9 11 13 15 17 19 21 23
Hour

----- Drybulb

------ W eBulb
Temp.

February Hourly Winds



16-Mar

Dry Bub Wet Bulb Relativ Humidity :
1 38 31 45
2 38 31 45
3 36 29 50
4 37 30 40
5 37 30 40
6 37 31 45
7 36 30 50
8 38 31 45
9 42 34 45

10 50 38 35
11 57 41 IS
12 59 41 12
13 64 45 18
14 64 43 15
15 62 43 IS
16 64 44 IS
17 61 42 12
18 59 41 12
19 56 40 15
20 52 38 25
21 47 36 30
22 44 35 35
23 39 33 45
24 41 34 50

15-Apr

Dry Bub Wet Bulb Relativ Humidity SBM
1 45 40 65
2 44 39 70
3 44 39 70
4 43 38 65
5 43 38 65
6 42 37 70
7 46 40 55
8 51 43 55
9 55 45 45

10 60 48 45
11 64 50 40
12 69 53 35
13 69 52 35
14 69 52 35
15 69 52 35
16 68 52 30
17 68 52 30
18 67 52 35
19 63 51 45
20 60 51 55
21 56 51 60
22 56 50 60
23 55 48 60
24 55 47 60

SDF SGL Wind speed Wind Direction
0 0 7 202
0 0 7 225
0 0 11 225
0 0 10 202
0 0 10 202
0 0 7 225
1 1 0 0

24 37 6 270
34 108 6 202
37 169 3 67
40 213 5 45
44 240 10 112
51 242 8 292
56 230 7 247
76 178 8 225
86 118 18 225
63 80 16 225
34 39 18 225

5 6 14 225
0 0 11 202
0 0 14 225
0 0 13 225
0 0 10 157
0 0 11 202

SGL Wind speed Wind Direction
0 0 6 180
0 0 7 180
0 0 8 180
0 0 8 180
0 0 8 202
0 0 8 202

10 17 7 247
34 92 6 315
43 153 5 0
70 182 9 315

102 185 13 292
117 196 17 247
110 222 17 247

90 235 17 247
79 217 16 247
77 173 17 225
67 119 19 225
46 65 20 202

9 11 17 225
0 0 14 225
0 0 11 225
0 0 11 225
0 0 11 225
0 0 11 202

0
0
0
0
00
6

82
204
244
256
256
238
222
144
54
40
24
10

0000
0

00
0
0
0
0

70
188
218
168
104

90
124
166
174
144
104

62
180

00
00

March Hourly Temperature

------Dry bulb
Temp.

-----Wetbub

1 3 5 7 9 11 13 15 17 19 21 23

March Hourly Winds

20 - — -

17 19 21

April Hourly Temperature

1 3 5 7 9 11 13 15 17 19 21 23

----- Drybub

Wetbub
Temp.

Hour

April Hourly Winds

13 15 17 19 21



15-May

Hour Dry Bulb Wet Bulb Relativ Humidity SBM SDF SQL Wind speed
1 56 41 25 0 0 0 11
2 54 40 25 0 0 0 7
3 52 39 30 0 0 0 8
4 50 38 35 0 0 0 8
5 48 37 35 0 0 0 9
6 46 35 30 44 4 6 8
7 46 36 35 158 26 58 8
8 56 42 25 242 34 131 6
9 63 46 20 282 40 205 8

10 68 48 20 298 46 268 6
11 77 50 10 304 50 313 7
12 78 51 8 306 52 339 3
13 80 52 10 304 S3 345 7
14 83 53 10 304 52 334 8
15 81 52 10 302 49 305 8
16 86 54 8 294 45 257 6
17 84 54 10 274 39 192 15
18 82 53 10 226 34 118 14
19 81 52 10 132 24 46 15
20 77 49 10 28 2 3 14
21 69 47 15 0 0 0 10
22 62 44 20 0 0 0 11
23 59 43 22 0 0 0 13
24 60 44 23 0 0 0 14

11-Jun

Dry Bulb Wet Bulb Relativ Humidity SBM SDF SQL Wind speed
1 56 44 35 0 0 0 11
2 54 43 40 0 0 0 11
3 55 44 38 0 0 0 10
4 53 43 45 0 0 0 11
5 52 42 40 0 0 0 11
6 51 42 45 30 4 6 11
7 53 44 40 152 28 63 7
8 61 49 45 242 34 137 0
9 68 50 25 280 40 209 9

10 72 50 18 296 46 271 13
11 74 51 IS 302 49 314 20
12 75 51 12 302 51 339 16
13 79 53 12 302 52 347 20
14 79 54 IS 302 51 338 15
15 80 56 18 300 49 311 21
16 80 56 18 294 45 266 18
17 78 55 20 276 39 203 18
18 76 54 20 234 34 131 23
19 76 54 20 140 27 57 17
20 74 53 22 24 4 5 18
21 71 52 20 0 0 0 20
22 64 49 30 0 0 0 9
23 63 48 35 0 0 0 7
24 61 48 38 0 0 0 7

May Hourly Temperature

1 3 5 7 9 11 13 15 17 19 21 23
Hour

May Hourly Wlnda

1 2 3 4 5 6 7 8 9  1 0 1 1 ^ 1 3 1 4  15 16 17 18 19 20 21 22 23 24

June Hourly Temperature

-----Drybuft)50 - ' '

1 3 5 7 9 11 13 15 17 19 21 23

June Hourly Winds

2 0 ---

Wind Direction
180
135
180
180
202
202
202
202

0
337

0
0

180
0

315
270
247
202
180
225
202
180
180
180

Wind Direction
202
202
202
202
202
202
157

0
112
202
202
180
180
202
180
225
202
202
180
202
180
180
180
180 1



17Jul

Dry Bulb Wei Bulb Relativ Humidity SBM
1 70 65 78
2 69 65 80
3 67 64 82
4 66 64 85
5 66 64 85
6 65 63 85
7 69 64 78
8 72 65 70
9 76 66 65

10 80 67 55
11 84 68 48
12 88 69 40
13 87 68 40
14 85 67 42
15 84 67 45
16 86 67 42
17 89 66 30
18 91 66 25
19 87 66 30
20 83 66 38
21 79 65 45
22 75 66 55
23 72 67 75
24 68 68 100

16-Aug

Dry Bub Wet Bulb Relativ Humidity SBM
1 65 54 45
2 60 51 52
3 58 50 55
4 59 51 55
5 56 49 58
6 57 49 58
7 59 52 60
8 66 56 55
9 74 60 45

10 80 62 37
11 83 60 25
12 85 61 25
13 85 60 20
14 87 60 18
15 88 61 18
16 86 59 18
17 87 60 17
18 85 59 19
19 83 58 23
20 75 55 25
21 72 53 27
22 66 51 35
23 66 51 35
24 62 49 40

SDF SGL Wind speed Wind Direction
0 0 11 90
0 0 5 45
0 0 0 0
0 0 2 315
0 0 4 270
1 1 6 247

22 33 5 247
39 101 4 270
37 172 3 292
37 233 4 337
38 277 6 0
46 292 7 45
64 270 9 67
87 233 11 90
87 208 13 90
63 198 11 45
46 165 9 0
43 102 7 315
25 34 9 337

2 2 10 337
0 0 11 0
0 0 10 292
0 0 9 247
0 0 8 180

SGL Wind speed Wind Direction
0 0 10 202
0 0 7 180
0 0 0 0
0 0 7 202
0 0 5 202
0 0 9 202

10 18 3 225
30 90 0 0
34 167 0 0
39 235 11 202
44 282 3 180
45 306 11 202
45 315 13 225
44 307 13 225
42 280 17 202
38 234 10 247
35 172 11 202
32 96 10 202
12 22 11 225

0 0 7 225
0 0 3 202
0 0 7 180
0 0 9 202
0 0 7 225
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2

56
160
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266
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40

2
0
000
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182
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182
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July Hourly Temperature
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Temp.
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September Hourly Temperature
16-Sep

Hour Dry Bulb Wet Bulb Relativ Humidity SBM SDF SQL Wind speed
1 60 55 73 0 0 0 2
2 60 54 70 0 0 0 4
3 59 54 72 0 0 0 6
4 58 53 75 0 0 0 6
5 58 53 75 0 0 0 6
6 57 53 75 0 0 0 7
7 60 55 72 24 6 8 5
8 64 57 68 148 28 66 2
9 67 58 65 248 30 142 0

10 72 60 50 284 34 210 2
11 76 61 40 296 40 261 4
12 81 63 38 296 40 283 6
13 82 63 38 286 36 278 6
14 84 63 35 266 38 254 6
15 85 63 30 254 38 222 6
16 85 63 30 236 37 177 6
17 86 62 25 186 36 114 7
18 86 62 25 80 28 46 8
19 81 60 28 6 3 3 8
20 75 58 35 0 0 0 8
21 70 56 40 0 0 0 8
22 68 55 45 0 0 0 7
23 66 55 50 0 0 0 6
24 64 54 50 0 0 0 6

16-Oct

Hour Dry Bub Wet Bub Relativ Humidity SBM SDF SGL Wind speed
1 41 34 50 0 0 0 13
2 41 33 45 0 0 0 10
3 40 32 40 0 0 0 8
4 38 32 45 0 0 0 8
5 37 31 50 0 0 0 8
6 35 30 58 0 0 0 8
7 38 32 50 0 1 1 8
8 40 33 48 118 15 35 8
9 43 35 40 230 25 108 8

10 47 37 40 286 23 172 8
11 52 38 30 304 27 221 7
12 56 40 20 308 32 250 7
13 59 42 20 308 32 254 6
14 61 43 18 306 29 237 5
15 64 45 17 300 23 199 5
16 65 45 15 266 23 142 7
17 65 45 15 182 25 74 9
18 66 46 12 34 5 8 11
19 61 43 15 0 0 0 10
20 55 41 22 0 0 0 9
21 50 38 32 0 0 0 7
22 49 37 35 0 0 0 8
23 47 37 40 0 0 0 9
24 46 36 45 0 0 0 9
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October Hourly Temperature
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3150000
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337
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337
315

I ' 315
i 315

315



15-Nov

Hour Dry Bub Wet Bulb Relativ Humidity SBM SDF SQL Wind speed Wind Direction
1 46 42 70 0 0 0 20 157
2 47 42 70 0 0 0 17 180
3 47 43 80 0 0 0 21 180
4 46 43 78 0 0 0 31 202
5 45 42 75 0 0 0 29 202
6 44 42 75 0 0 0 29 202
7 44 42 75 0 0 0 28 202
8 43 42 80 12 9 10 23 202
9 42 38 75 60 34 49 26 202

10 43 39 75 112 44 89 23 225
11 42 37 75 220 26 140 29 225
12 42 37 75 262 16 169 29 225
13 42 38 75 84 64 114 23 247
14 35 34 90 72 69 109 33 270
15 38 34 68 64 60 90 17 247
16 39 34 65 22 41 48 20 225
17 38 32 60 6 17 18 17 247
18 35 34 90 0 0 0 7 315
19 31 31 100 0 0 0 14 225
20 31 31 100 0 0 0 14 225
21 29 29 100 0 0 0 11 225
22 28 28 100 0 0 0 8 202
23 28 28 100 0 0 0 0 0
24 27 27 100 0 0 0 9 270

Hour Dry Bub Wet Bulb Relathr Humidity SBM
1 so 41 45 0 0 0 3
2 47 39 50 0 0 0 2
3 45 37 50 0 0 0 0
4 45 37 SO 0 0 0 2
5 45 37 50 0 0 0 4
6 45 37 50 0 0 0 6
7 44 37 55 0 0 0 6
8 44 37 55 10 3 3 6
9 43 36 55 116 19 39 7

10 47 39 48 206 20 87 10
11 52 43 50 232 20 122 12
12 56 46 45 256 18 149 15
13 56 46 45 278 16 164 19
14 55 46 48 288 15 159 23
15 55 47 55 272 17 131 26
16 52 45 60 222 19 85 25
17 50 43 55 108 17 32 24
18 47 40 55 12 1 1 23
19 44 36 50 0 0 0 18
20 40 32 40 0 0 0 14
21 37 29 40 0 0 0 9
22 34 27 40 0 0 0 9
23 31 25 40 0 0 0 9
24 28 23 40 0 0 0 8

Wind speed Wind Direction 
247 
292 0

247
247
247
270
292
315
315
315
292

November Hourly Temperature

1 3 5 7 9 11 13 15 17 19 21 23

----- Diybulb
Temp.

— Wetbulb

Hour

November Hourly Winds

20  - \

December Hourly Temperature

December Hourly Winds

1



Month Mean Max Mean Min Highest Mean Mi Lowest Me Mean Temp
Jan 52.2 21.3 61.4 13.2 36.8
Feb 56.9 24.6 66 17.8 40.8
Mar 61 28 73.4 22.9 44.6
Apr 68.7 33.8 78.6 26.3 51.3
May 77.4 41.9 85.8 37.2 59.7

87.8 50 94.3 44.1 68.9
Jul 91.7 59.3 96 54.9 75.5
Aug 88.9 57.5 92.4 S3 73.2
Sep 83.8 49.8 90.4 45.2 66.8
Oct 74.5 38.5 80.9 33.4 56.5
Nov 62.4 28.6 69.5 22.1 45.5
Dec 53 21.5 62.1 13.7 37.3

Month Max Mean
Jan 3.97 0.89
Feb 3.65 1.09
Mar 4.68 1.14
Apr 3.12 0.55
May 1.8 0.37
Jun 1.71 0.35
Jul 7.07 1.98
Aug 4.42 2.11
Sep 6.13 1.3
Oct 7.05 0.86
Nov 3.6 0.88
Dec 3.85 1.02

T
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88
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88
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Temperature Averages and Extremes 
for Chino Valley
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Appendix 2.B MONTHLY HEATING AND COOLING DEGREE DAYS



From Western Regional Climate Center.
Jnrk A „„ 1\

Heating Degree Days 874 678 632 416
(F)

273 585 859 4578



Appendix 3.A SHADING COEFFICIENTS OF TREES 
Adapted from McPherson, 1989



O th e r  Terms Used in th e  P la n t Lists
Mature Height and Mature Spread _____________ __

Mature plant height and spread, is based on the assum ption  that plants will be placed in a location to 
which they arc.adapted, planted properly and g iven 's tandard good care.

Foliage Type
...

i: U'.rcrtjrcCn)

1) (DiU'uiuni/s)

' Plant retains some leaves th roughout  (he year.

; Plant loses all of its leaves at some point dur ing  the year as a result of cold 
or drought stress.

i; d Plant is essentially evergreen but may lose its leaves briefly following a 
period of cold or dry weather.

l ) E Plant is essentially deciduous but may retain its foliage th rough  mild winters 
or periods of abundant  rainfall.

Water Use

II (Ui,//i) Plants thrive in or adjoining to tu rf  areas, which implies that upper root 
zone soil is kept moderate ly moist at all times.

M (Medium}' Plants thrive with deep irrigations spaced 7-14 days apart depending on 
season and type. Surface layer of soil may dry out but adequate  m ois ture  
levels are always maintained in deeper root zones.

L U a h c I Plants tolerate long dry periods once established. In the landscape they may 
be watered to improve growth rate and appearance b u t  on a less frequent
basis than o ther  plant types.

Showy Flowers and Fruit

I he plant list tor each plant climate zone also identities those species that  bear conspicuous or 
o rnam enta l  (lowers or Iruit or both. The term "varies" indicates that  a broad range of colors is available.

Canopy Density

I) (f tense J Plant canopy ot leaves and stems blocks 90% or more of available sunlight.

M (Medium)

0  (Open)

Plant canopy of leaves and stems blocks 70-90% of available sunlight.

Plant canopy of leaves and stems blocks less than 70% of available sunlight.



■frees

Scientific name 
Common name

Plant Mature Height
Climate and

Zone Mature Spread

Trees
Abies concolor 
White fir

3-5 40-60'
15-30'

Acacia abyssinica 
Abyssinian acacia

9,10 20-30'
20-30'

Acacia minuta 
Southwestern sweet acacia

8-10 15-20'
15-20'

Acacia salicina 
Willow acacia

9,10 . 20-30' 
10-20'

Acacia schaffneri 
Schaffner acacia

8-10 15-25'
15-30'

Acer saccharum 
Sugar maple

4-7 30-40'
30-40'

Albiziajulibrissin 
Mimosa, silk tree

6-10 10-20'
10-20'

Bauhinia variegata 
Purple orchid tree

9,10 15-25'
15-25'

Brachychiton populneus 
Bottle tree

8-10 30-50'
20-30'

Callistemon viminalis 
Weeping bottle brush

8-10 15-30'
10-25'

Carya illinoinensis 
Pecan

6-10 30-50'
25-40'

Casuarina cunninghamiana 
River she-oak

8-10 40-60'
20-30'

Showy
Flowers and Canopy

Foliage Type Water Use Fruit Density

E H-M

D/E M-L

D/E M-L

D/E M-L

D/E M-L

D H-M

D H-M

E/D H-M

E H-M

E M-L

D H-M

E M-L

D

yellow O

yellow O

yellow O

yellow O

D

pink O

pink M

white D

red M

M

D



Scientific name
Common name

Plant
Climate

Zone

Mature Height
and

Mature Spread

Cedrus atlantica 
Atlas cedar

8,9 40-50'
35-45'

Cedrus deodara 
Deodar cedar

8,9 60-80'
25-40'

Ceratonia siliqua 
Carob

9,10 30-40'
30-40'

Cercidium floridum 
Blue palo verde

. 8-10 20-25'
20-25'

Cercis canadensis 
American red bud

5-7 10-20'
10-20'

Chilopsis linearis 
Desert willow

8-10 15-25'
10-20'

Citrus species, hybrids, cultivars 
Citrus

9,10 6-25'
4-25'

Cupressocyparis leyland 
Leyland cypress

7-9 15-25'
5-10'

Cupressus arizonica 
Arizona cypress

7,8 25-45'
15-30'

Cupressus sempervirens ‘Stricta ’ 
Italian cypress

8,9 40-70'
5-10'

Elaeagnus angustifolia 
Russian olive

4-7 15-25'
15-25'

Eucalyptus camaldulensis 
Red gum (to 120')

8-10 80-120'
40-80'

Eucalyptus microtheca 
Tiny capsule eucalyptus

8-10 30-40'
25-35'

Showy
Flowers and Canopy

Foliage Type Water Use Fruit Density

E

E

E

E/D

D

n

E

E

E

E

D

E

H-M

H-M

H-M-L

M-L yellow

H-M pink, white

M-L pink

H-M

H-M

M-L

H-M-L

white/yellow 
to orange fruit

M-L

M-L

M-L

yellow

D

D

D

0

D

0

D

D

D

D

M

M

ME



free s

Plant Mature Height
Scientific name Climate and
Common name Zone Mature Spread

Eucalyptus sideroxylon 
Red ironbark

9,10 30-70'
20-40'

Eucalyptus viminalis 
Manna gum (60-150')

8-10 80-120'
50-90'

Ficus microcarpa 
Indian laurel fig

9,10 20-35' . 
20-35'

Fraxinus pennsylvanica 
Green ash

3-7 30-50'
20-40'

Fraxinus uhdei 
Evergreen ash

9,10 40-60'
25-45'

Fraxinus velutina 
Arizona ash

7-9 30-45'
20-30'

Fraxinus velutina 
‘Modesto’
Modesto ash

7-9 25-40'
20-35'

Fraxinus velutina 
‘Rio Grande’ 
Fantex ash

7-9 30-50'
30-50'

Geijera parviflora 
Australian willow

9,10 : 15-25'
5-15'

Gleditsia triacanthos var. inemis 
Thornless honey locust

3-8 40-70'
30-50'

Grevillea robusta 
Silk oak

8-10 50-70'
15-30'

Jacaranda mimosifolia 
Jacaranda

9,10 25-50'
20-40'

Ligustrum lucidum 
Glossy privet

7-9 20-30'
15-25'

Showy
Flowers and Canopy

Foliage Type Water Use Fruit Density

E H-M M

E M M

E H-M D

D H-M M

E/1) H-M M

I) H-M M

D H-M M

1) H-M M '

E M-L white 0

D H-M 0

E H-M orange D

E/D H-M blue 0

E H-M white D



Scientific name
Common name

Plant
Climate

Zone

Mature Height
and

Mature Spread

Lysiloma thomberi 
Feather bush

9,10 10-20'
10-20'

Magnolia grandiflora 
Southern magnolia

7-9 15-25'
10-20'

Malus spp. and cultivars 
Flowering crab apple

3-7 10-25'
10-25'

Oleaeuropaea
Olive

8-10 20-30'
20-30'

Olneya tesota 
Ironwood

9,10 20-30'
20-30'

Parkinsonia aculeata 
Mexican palo verde

8-10 15-25'
15-25'

Picea excelsa alba 3-7 40-70'
Norway spruce 20-40'
Picea engelmannii 
Engelman spruce

3-5 50-80'
30-40'

Piceapungens ‘Glauca’ 
Colorado blue spruce

3-7 25-40'
15-25'

Finns brutia eldarica 
Eldarica pine

8-10 30-45'
20-30'

Finns canariensis 9,10 50-70'
Canary island pine 15-30'
Finns edulis 
Pinyon pine

4-7 15-25'
10-20'

Finns halapensis 
Aleppo pine

8-10 30-50'
25-45'

Water UseFoliage Type

Showy
Flowers and Canopy

Fruit Density

E/D II-M-L white O

E U-M white M

l) H-M varies M

E H-M-L black fruit D

1) M-L purple M

I) M-L yellow O

E U-M D

D H-M D

E H-M D

E M-L D

E H-M-L D

E M-L D

E M-L D



I te e s

Scientific name 
Common name

Plant Mature Height
Climate and

Zone Mature Spread

Pinus nigra 
Austrian pine

3-7 25-40'
15-30'

Pinus ponderosa 
Ponderosa pine

3-7 50-80'
20-40'

Pinus sylvestris 
Scotch pine

3-7 30-45'
25-40'

Pistacia chinensis 
Chinese pistache

8,9 40-60'
35-55'

Pithecellobium flexicaule 
Texas ebony

9,10 15-25'
10-20'

Platanus acerifolia 
London plane tree

3-8 40-70'
30-50'

Podocarpus macrophyllus 
Yew Pine

7-9 10-20'
2-4 '

Prosopis chilensis 
Chilean mesquite

8-10 20-35'
20-35'

Prosopis South American Hybrid 
South American hybrid mesquite

8-10 20-35'
20-35'

Pseudotsuga menziesii 
Douglas fir

3-5 40-60'
15-30'

Punica granatum 
Pomegranate

7-10 10-20'
5-15'

Pyrus calleryana 
‘Whitehouse’, ‘Aristocrat’ 
Ornamental pear

3-7 20-30'
15-25'

Quercus virginiana 
Southern live oak

7-9 45-65'
40-60'

Showy 
Flowers and

Foliage Type Water Use Fruit

E H-M

E M-L

E H-M

D H-M-L red fruit

E/D M-L . yellow

D H-M

E H-M

E/D M-L yellow

E/D M-L yellow

E H-M

D H-M-L orange/ 
red fruit

D H-M white

E H-M-L

Canopy
Density

D

M

M

M

M

M

M

0

0

D

D

D

D



Scientific name
Common name

Plant
Climate

Zone

Mature Height
and

Mature Spread

Rhus lancea 
African sumac

8-10 15-25'
15-30'

Robinia pseudoacacia 
Black locust

3-8 20-30' 
. 15-25'

Salix matsudana 
Globe or Navajo willow

5-8 20-30'
20-30'

Sophora secundiflora 
Texas mountain laurel

8-10 20-30'
10-20'

Tamarix aphylla 
Tamarisk

7-10 30-45'
20-40'

Thevetia peruviana 
Yellow oleander .

9,10 8-20'
8-20'

Ulmus parvifolia 
Evergreen elm

6-9 30-45'
30-45'

Vitex agnus-castus 
Monks pepper, chaste tree

7-10 10-20'
10-20'

Xylosma congestum 
Xylosma

8-10 15-20'
10-20'

Showy 
Flowers and

Foliage Type Water Use Fruit
Canopy
Density

E M-L D

D M-L white O

D H-M M

E M-L purple D

E M-L pink D

E H-M yellow M

E/D H-M-L D

D H-M-L blue M

E/D H-M-L D



Appendix 3.B TREE SPECIES FOR CHINO VALLEY SHELTER BELT
Adapted from Verson, 1998



Matt Verson 
4/27/98

Trees Suitable for Permaculfcure Application o f Shelterbelts in Chino 

Valley, AZ

Browseables/Shrubs:

Squawbush*
Rhus trilobata: Dry, This 2'-6’ Shrub is a native with with foliage and bark that 

is browseable by deer, pronghorn, bighorn sheep and rabbits. The berries are eaten 
by humans and birds, and they are endowed with a great tangy flavor. This is an easy 
to grow plant that is well adapted to dry conditions.

Four-wing Saltbush
Atriplex canescens: Dry, This 2’-5’ bush is a hardy native belonging to the 

same family as pigweed and tumbleweed and Russian thistle. The leaves are browsed 
by cattle, sheep and goats, and the seeds are eaten by birds and other animals.

Golden Currant*
Ribes aureum, (Saxifragaceae): Wet, This 2'-6' native bush is most 

noticeable for its berries which are edible and tasty too. It is most common in riparian 
areas, and if used in as part of a shelter belt, should be given plenty of water and 
protection from the elements.

Wax Currant
R ibes inebrians (Saxifragaceae): Dry, This bush has berries that are rather 

tasteless, but birds like them. It grows from 2’- 4\

Fremont Barberry*
Berberis fremontii (Berberidaceae): Dry, This bush has berries that can be 

used for jellies and pies, and yellow dies are made from the roots and stems. This 
grows from 5-15’.

Caragana*
Caragana arborescens, var. pendula (Leguminosae): Dry, This nice 

plant is a nitrogen fixer, and is well adapted to dry conditions. It grows to 10’.

* indicates presently or soon to be at Wclfberry Farm



Utah Serviceberry
Amelanchier utahensis, (Rosaceae): Medium to wet, This bush grows 

from 6'-15', and has edibie berries that ripen in the fall.

Antelopebrush
Purshia tridentata, (Rosaceae): Medium, This native shrub grows from 2’- 

10’, and has a large number of blossoms from April to August.-N fixer.

Rabbitbrush, Sticky-flowered and Golden*
Chrysothamnus viscidiflorus and nauseosus, (Compositae): These 

native shrubs produce large numbers of blossoms and grow in very poor soils.

Fendier Ceanothus*
Ceanothus fendleri, (Rhamnaceae): Medium to Wet, This local low 

growing shrub is a browse plant for deer, and several other animals.

Oak, Palmers or Dunn
Quercus dunnii (Fagaceae): Medium, This local native can be grown from 

rooted cuttings, and grows from 3'-9' tall.

Apache-plume*
Fallugia paradoxa, (Rosaceae): Medium, This is a nice plant for shelter 

belts.as it forms thick stands and grows about 4' high. It is one of the most common 
chapparel species in Yavapai County.

Cliffrose
Purshia neomexicana, (Rosaceae): Dry to Medium, This is a nice plant 

too and is closely related to Apache Plume (Fallugia paradoxa). Although it is much 
slower growing, it will eventually reach heights of 6’ or more. N-fixer.

American Plum*
Prunus americana, (Rosaceae): Medium, This little tree has small plums 

in the fall and grows to 10'.

Nanking Cherry*
P runus tomentosa, (Rosaceae): This tree has edible berries that can be 

used for pies and jellies. It grows to 10'.

* indicates presently or soon to be at Wolfberry Farm



Manzanita
Arctostaphylos pungens (Ericaceae): Dry, This local shrub has a beautiful 

bark and jellies can be made from the berries. It grows to 5'.

Sm&jli Trees®:
Common Chokecherry
Prunus virginiana vars. demissa & melanocarpa. (Rosaceae): This 

small tree grows to about 15% and has small fruits which are relished by bears and 
used in several ways by humans. These tend to grow in thickets.

Black Locust
Robinia neomexicana, (Leguminosae): Dry, This nice plant is a nitrogen 

fixer and is browsed by many species of animals. Its pods are eaten by squirrels and 
quail. It grows to 25’ tall and is often found in thickets.

Juniper, One-seed
Juniperus monosperma (Cupressaceae): Dry, This juniper grows to 

about 20% and has many traditional uses.

Juniper, Utah
Juniperus osteosperma (Cupressaceae): This hardy local native is one 

half of the pinyon-juniper combination that blankets the southwest. This species is 
local to Yavapai, and needs very little water-perhaps only during its first year of growth. 
It reaches heights of 15%

Desert Catalpa
Chilopsis linearis (Cavanilies): Medium to Wet, This non-local native is 

one of the most beautiful trees of the southwest with its pink and white flowers 
blooming all summer. It is well adapted to the heat and wind, and grows to heights of 
30%

Singleleaf Ash
Fraxinus anomala (Oleacae): Medium to Wet, This shrubby tree grows to 

20% and has very little economic importance. It is purported to have wood good.for tool 
handles.

Wright Silktassle*
G arrya wrightii (C o m aceae): Dry, This bush grows to 15%

* indicates presently or soon to be at Wolfberry Farm



Mulberry
Morus microphylla (Moraceae): Medium to Wet, This tree has delicious 

berries, and grows to 30'.

Mountain Mahogany, Birchleaf*
Cercocarpus betuloides (Rosaceae): Dry to Medium, This native shrub 

grows to 20'. Its wood is very hard and can be used for a number of tasks, it is browsed 
by many animals. N-fixer.

Oak, Turbinella
Quercus turbinella (Fagaceae): Dry to Medium, This local native grows 

to 15 'in thickets.

Oak, Rocky Mt. White*
Quercus gam belli (Fagaceae): Medium to Wet, This member of the oak 

family is a favorite of horses for browsing, and the acorns are eaten by a number of 
animals, especially the Arizona wild turkey. It is a deciduous tree, and generally 
reaches heights of 25'. In the wild, it forms circular colonies spreading from the roots.

Arizona Cypress*
Cupressus arizonica, (Cupressaceae): Medium to Wet, This is one of 

the most popular windbreak trees in Arizona because of its low water use and fast 
growth rate. It reaches heights of 50'.

Arizona Walnut
Jugians major (Juglandaceae): Medium to Wet, This large tree is an 

Arizona native, and its nuts have many uses from eating to natural dyes. It reaches 
heights of 60'.

Honey Locust
Gleditsia triacanthos (?):, This tree grows to 60’, and has pods that make 

good piles.

Hackberry
Celtis reticulata (Ulmaceae): Medium to Wet, This native has orange red 

fruits that are edible by humans and birds alike. It will reach heights of 50'-100’ tall with 
generous amounts of supplemental water, otherwise it will remain a shrub.

' indicates presently or soon to be at Wolfberry Farm



- Oak, Emory
Quercus emoryi (Fagaceae): Medium to Wet, This local native can grow 

to 70’, and has very edible acorns.

Oak, Grey
Quercus grisea (Fagaceae): Medium, This local native can grow to 60'.

Pinyon*
Pinus edulis (Pinaceae): Medium, This is another hardy native, and will 

reach heights of 35'. Although it is very slow growing, it is well adapted to the climate, 
and eventually may yield pinyon nuts. Pinyon nuts contain complete protein, and are 
the second highest source of protein on a per pouno basis of all nuts.

Note: The namesake of Wolfberry Farm (Lycium Pallidum*), is not particularly 
useful as windbreak since it usually reaches heights of no more than 3'. However, it is 
a wonderful plant with edible berries and a history of mystery.

* indicates presently or soon to be at Wolfberry Farm



Appendix 4. CALPAS OUTPUT FILES



Wresbase.002
WoIfberry residence Basecase BY: Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY) 
S U M M A R Y  Run period: JAN-01 - DEC-31 Conditioned floor area: 2497 sf

SPACE CONDITIONING LOADS Run totals Peaks
kBtu kBtu/sf kBtuh

House
Cooling 13266 5.313 39.882
Heating 86872 34.791 85.260

ENERGY CONSUMPTION Run totals Peaks
Prop line Source

kWh; kBtu kBtu/sf kBtu/sf kW; kBtuh
Electricity

House cooling 1524 2.083 6.250 4.582
House heating 12237 16.726 50.179 12.010
Total 13761 18.810 56.429
Building total 18.810 56.429

OPERATING COSTS

Electricity @ 0.095 $/kWh $ 1307
Fuel @ 0 ,$/kBtu $ o
Total $ 1307 ($0.52/sf)

Note: CALPAS3 is the property of and is licensed by Berkeley Solar Group, 3140 
Martin Luther King Jr. Way, Berkeley, CA 94703 (415 843-7600). Correct applica
tion and operation of CALPAS3 is the responsibility of the user. Actual building 
performance may deviate from CALPAS3 predictions due to differences between 
actual and assumed weather, construction, or occupancy. CALPAS3 is certified 
for California energy code compliance when used in accordance with the BEG 
publication "Using CALPAS3 with the California Residential Building Standards.."

Page 1



Run: a :wresbase.txt 002 Wresbase.002
15-SEP-98 05:48:16 ' Page 1 of 11 

Wolfberry residence Basecase BY: Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY)
M 0 N T H L Y ' H O U S E  E! N E R G Y  B A L A N C E (kBtu; + into house)

GAINS & LOSSES ========================: = = = = = = = = = = = = = = TRANSFERS==============================
MON COND SHCND INFIL SLR INT STRG RB+SS VENT COOL HEAT
JAN -28524 -6404.2 11584 2116.1 319 0 20901FEB -22455 -5365.9 9796.2 1911.3 -1679 0 17726
MAR -18406 -4513.6 10353 2116.1 -159 0 10578
APR -9903.2 -2895.0 8323.7 2047.8 -850 0 3204.5
MAY -4517.5 -1933.9 6780.6 2116.1 -2474 -18.532 0
JUN -788.54 -1133.1 5749.6 2047.8 -2187 -3705.9 0
JUL -1360.8 -876.10 5592.8 2116.1 742 -6215.0 0
AUG -4725.4 -1574.0 5701.1 2116.1 391 -1845.6 0
SEP -6758.4 -1958.5 7272.0 2047.8 880 -1480.9 0
OCT -12398 -2974.2 10825 2116.1 2216 0 288.84
NOV -21795 -4810.0 11418 2047.8 2321 0 10892
DEC -30533 -6745.7 11207 2116.1 714 0 23282
TOT -162166 -41184 104602 24915 234 -13266 86872

M O N T H L Y C O N D I T I O N S (Units as shown)

TEMPERATURES (F) WTHR (F; Btu/sf) PEAKS (kBtuh)
MON THL THH THM TSL TSH TSM DBL DBH SGL HSCL/DY HSHT/DY SSCL/DY SSHT/DY
JAN 65 67 65 26 51 37 1045 0 68.7 3
FEB 65 66 65 28 52 39 1312 0 63.8 22
MAR 65 68 66 31 61 46 1816 0 62.4 4
APR 62 66 64 37 63 50 2311 0 43.0 4
MAY 66 72 69 44 75 60 2623 -7.37 24 0
JUN 76 80 78 58 87 73 2762 -39.9 28 0
JUL 78 80 79 63 87 76 2266 -34.5 6 0
AUG 76 80 78 59 84 71 2062 -34.7 2 0
SEP 75 80 77 56 82 68 1930 -32.3 4 0
OCT 67 74 70 43 72 57 1573 0 22.9 18
NOV 65 69 66 32 60 44 1133 0 72.6 18
DEC 65 66 65 23 51 35 931 0 85.3 22
TOT 69 72 70 42 69 55 1815 -39.9 85.3
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Wresbase.002
Run: a :wresbase.txt 002 15-SEP-98 05:48:16 Page 2 of 11 
Wolfberry residence Basecase BY: Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY) 
Line

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

TITLE
SITE
AZMSOUTH

Wolfberry residence Basecase BY: Nosshi 
LOCATION=Chino Valley, ARIZONA 
0 ; True south

4 GREFLECT JANGR=0.35 FEBGR=0.35 MARGR=0.35 APRGR=0.35 &
5 MAYGR= 0.35 JUNGR=0.35 JULGR=0.35 AUGGR=0.35 &
6 SEPGR=0.35 OCTGR=0.35 NOVGR=0.35 DECGR=0.35 ;&assumed reflectivity value for desert landscape
8 HOUT 4.00; outside film coeff. 7.5 mph in Chino Valley
9 HOUSE FLRAREA=2 497 VOL=42030

10 ROOF AREA=1372 AZM=180 TILT=14 UVAL=0.053 ABSRP= oC
O

o ;&
11' Northroof R19,absrp for light color metal roofing
12 WALL NAME=ROOFS AREA=1202 AZM=ID TILT=14 UVAL=0.053 &
13 ABSRP=0.30 INSIDE=AIR ; absrp. same as above
14 WALL NAME=SOUTH AREA=1219 AZM=0 TILT=90 &
15 UVAL=4.0 ABSRP=0.5 INSIDE=EXWALL ;&
16 24" Rammed Earth uval for air , absrp for light brown
17 WALL NAME=EAST AREA=788 AZM=270 TILT=90 &
18 UVAL=4.0 ABSRP=0.5 INSIDE=EXWALL ; &
19 same as above
20 WALL NAME=NORTH AREA=1552 AZM=180 TILT=90 Sc

21 UVAL=4.0 • ABSRP=0.5 INSIDE=EXWALL ;&
22 same as above
23 WALL NAME=WEST AREA=801 AZM=90 TILT=90 • &
24 UVAL=4.0 ABSRP=0.5 INSIDE=EXWALL ;&

WALL

WALL

WALL

WALL

SLAB
INTWALL
EXWALL
GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

S G F A C T O R S

same as above
NAME=MAINDOOR AREA=21 .AZM=0 TILT=90 
UVAL=0.385 ABSRP=0.6 INSIDE=AIR 
Main door solid softwood core R-2.6
NAME=KITCHNDOOR AREA=21 
UVAL=0.385 ABSRP=0.6
same as main door 
NAME=DECKDOOR AREA=21 
UVAL=0.385 ABSRP=0.6
same as main door 
NAME=PERSLBLOSS AREA=291 
UVAL=0.90 ABSRP=0.0
slab on grade with no slab edge insulation

AZM=270 TILT=S 
INSIDE=AIR

AZM=270 TILT=90
INSIDE=AIR

AZM=0 TILT=0
INSIDE=AIR

&
; &

&
;&

;&

&
;&

AREA=2497 
HTAHS=1.5 
AREA=904 
RSURF=0.0 
THKNS=24 
NAME=WIS1 
NGLZ=1 
RSHTR=0.0 
single pane glass 
AIR=0.4 SLB=0.6 

SLB=0.3 
.33 FEBGR=0 
.33 JUNGR=0 
.33 OCTGR=0

THKNS=4 MATERIAL=CONC140
RSURF=0 ; exposed slab 

THKNS=12 HATERIAL=ADOBE HTAHS=1.5
MATERIAL=ADOBE HTAHS=1.5 RSURF=0.0

AREA=48 AZM=0 TILT=90
UVAL=1.11 GLSTYP=1 XRFLCT=0.3
TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 ;&

AIR= 0.7 
JANGR=0 
MAYGR-0 
SEPGR=0

.33 APRGR=0.33 

.33 AUGGR=0.33 

.33 DECGR=0.33
&
&

;&

33 MARGR=0.
.33 JULGR=0.
.33 NOVGR=0.

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
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55 Wresbase.002
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&

Run: a :wresbase.txt 002 15-SEP-98 05:48:16 Page 3 of 11
Wolfberry residence Basecase BY: Nosshi 
Chino Valley, ARIZONA

CALPAS3 V3.12 License: PC0201 
Weather: PRESCOTT.AZ (Prescott AZ ETMY)

NO outside obstruction from trees or nearby buildings
Line

56
57 SHADING
58
59
60
61 GLASS
62
63
64
65 SGDISTWNTR
66 SGDISTSMR
67 GLSGREFLECT
68
69
70
71 SGFACTORS
72
73
74
75 SHADING
76
77
78
79 GLASS
80
81
82
83 SGDISTWNTR
84 SGDISTSMR
85 GLSGREFLECT
86
87
88
89 SGFACTORS
90
91
92
93 SHADING
94
95
96
97 GLASS
98
99

100
101 SGDISTWNTR
102 SGDISTSMR
103 GLSGREFLECT
104
105
106
107 SGFACTORS
108

WHEIGHT=8 
OHWD=l 
FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIS2 
NGLZ=1 
RSHTR=0.0 
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3 
"JANGR=0.33 FEBGR=0 
MAYGR=0.33 JUNGR=0 
SEPGR=0.33 OCTGR=0

WWIDTH=6
OHLX=20
FLTX=0
FRTX=0
AREA=48
UVAL=1.11

OHDEPTH=l 
OHRX=2 0 
FLWD=0 
FRWD=0 

AZM=0 
GLSTYP=1

TRSHTR=0.8 SCFWNTR=0

OHFLAP=0
FLWBX=0
FRWBX=0

TILT=90 &. XRFLCT=0.14 
SCFSMR=1 ; &

.33 APRGR=0.33 

.33 AUGGR= 0.33 

.33 DECGR=0.33
&
&

;&

33 MARGR=0.
33 JULGR=0.
33 NOVGR=0.

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 0CTSGF=1.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=8 WWIDTH=6 OHDEPTH=l &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0
FLDEPTH=0.5 FLTX=0 FLWD=0 . FLWBX=0
FRDEPTH=0.5 FRTX=0 FRWD=0 . FRWBX=0
NAME=WIS3 AREA=4 8 AZM=0 TILT=90 &
NGLZ=1 UVAL—1.11 GLSTYP=1 XRFLCT=0.14
RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 ;&
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.̂
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=1.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings
WHEIGHT=8 
OHWD=l 
FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIS4 
NGLZ=1 
RSHTR=0.0 
single pane glass 
AIR= 0.4 SLB=0.6 
AIR= 0.7 SLB=0.3 
JANGR=0.33 FEBGR=0 
MAYGR=0.33 JUNGR=0 
SEPGR=0.33 OCTGR=0

WWIDTH-6 
OHLX=20 
FLTX=0 
FRTX=Q 
AREA=36 
UVAL=1.11

OHDEPTH=l
OHRX=20
FLWD=0
FRWD=0

AZM=0
GLSTYP=1

TRSHTR=0.8 SCFWNTR=0,

OHFLAP=0 
FLWBX=0 
FRWBX=0 

TILT=90 
XRFLCT=0. 
SCFSMR=1 ; &

.33 APRGR=0.33 

.33 AUGGR=0.33 

.33 DECGR=0.33
&
&

;&

33 HARGR=0.
33 JULGR=0.
33 NOVGR—0 .

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
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109
110

Wresbase.002
SEPSGF=1.0 OCTSGF=1.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

Run: a :wresbase.txt 002 15-SEP-98 05:48:16 Page 4 of 11
Wolfberry residence Basecase BY: Nosshi CALPAS3 V3.12 License: PC0201
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY)
Line
111
112
113
114
115
116
117
118
119
120  
121  
122
123
124
125
126
127
128
129 .
130 .
131
132
133
134
135 
13 6
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160 
161 
162

SHADING

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

WHEIGHT=6
OHWD=l
FLDEPTH=24
FRDEPTH=0.5
NAME=WIS5
NGLZ=1
RSHTR=0.0

WWIDTH=6 
OHLX=20 
FLTX=7 
FRTX=0 
AREA=3 6 
UVAL=1.11 
TRSHTR=0.

OHDEPTH=l 
OHRX=2 0 
FLWD=4 
FRWD=0 

AZM=0 
GLSTYP=1 
SCFWNTR=0

single pane glass 
AIR=0.4 SLB=0.6

&
OHFLAP=0
FLWBX=0
FRWBX=0

TILT=90 Sc
XRFLCT=0.14
SCFSMR=1 ;&

AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0,33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or
WHEIGHT=6 
OHWD=l 
FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIS6 
NGLZ=1 
RSHTR=0.0 
single pane glass 
AIR=0.4 SLB=0.6

WWIDTH=6
OHLX=20
FLTX=0
FRTX=0
AREA=36
UVAL=1.11
TRSHTR=0.8

OHDEPTH=l
OHRX=20
FLWP=0
FRWD=0

AZM=0
GLSTYP=1
SCFWNTR=0

nearby buildings 
&OHFLAP—0 

FLWBX=0 
FRWBX=0 

TILT=90 
XRFLCT=0.14 
SCFSMR=1 ;&

AIR=0.7 SLB=0.3
JANGR=0.3 3  FEBGR=0.3 3  MARGR=0 . 3 3  APRGR=0. 3 3  - .&
MAYGR=0.3 3  JUNGR=0. 3 3  JULGR=0. 3 3  AUGGR=0 . 3 3  &
SEPGR=0. 3 3  OCTGR=0. 3 3  NOVGR=0.3 3  DECGR=0. 3 3  ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 & "  
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings
WHEIGHT=6 
OHWD=l 
FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIS7 
NGLZ=1 
RSHTR=0.0

WWIDTH=6
OHLX=20
FLTX=0
FRTX=0
AREA=36
UVAL=1.11
TRSHTR=0.8

OHDEPTH=l
OHRX=20
FLWD=0
FRWD=0

AZM=0
GLSTYP=1
SCFWNTR=0

OHFLAP-0 
FLWBX=0 
FRWBX= 0 

TILT=90 
XRFLCT=0.14 
SCFSMR=1

single pane glass
AIR= 0.4 SLB=0.6

&
&

; &

AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR= 0.33 APRGR= 0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
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163
164
165 SHADING

Wresbase.002
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=6 WWIDTH=6 OHDEPTH=l &

Run: a:wresbase.txt 002

Wolfberry residence Basecase BY: Nosshi 
Chino Valley, ARIZONA

15-SEP-98 05:48:16 Page 5 of 11
CALPAS3 V3.12 License: PC0201 

Weather: PRESCOTT.AZ (Prescott AZ ETMY)

OHWD=l OHLX-2 0 OHRX=20 OHFLAP=0
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0
FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX-0
NAME=WISCS AREA=16 AZM=0 TILT=90
NGLZ=1 UVAL=1.11 GLSTYP=1 XRFLCT=0.14
RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 ;&
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3 
JANGR=0.33 FEBGR=0.33 MARGR=0 
MAYGR=0.33 JUNGR=0.33 JULGR=0 
SEPGR=0.33 OCTGR=0.33 NOVGR=0
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 & 
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

Line
166
167
168 
169 GLASS
170
171
172
173 SGDISTWNTR
174 SGDISTSMR
17 5 GLSGREFLECT
176
177
178
179 SGFACTORS
180
181
182
183 SHADING
184
185
186 
187 GLASS
188
189
190
191 SGDISTWNTR
192 SGDISTSMR
193 GLSGREFLECT
194
195
196
197 SGFACTORS
198
199
200 
201 SHADING
202
203
204
205 GLASS
206
207
208 . 
209 SGDISTWNTR
210 SGDISTSMR
211 GLSGREFLECT
212
213
214
215 SGFACTORS
216

.33 APRGR=0.33 

.33 AUGGR=0,33 

.33 DECGR=0.33
&
&

;&

WWIDTH=8 
OHLX=20 
FLTX=0 
FRTX= 0 
AREA=9 
UVAL=1.11

OHDEPTH=l
OHRX=20
FLWD=0
FRWD=0

AZM=270
GLSTYP=1

OHFLAP=0 
FLWBX=0 
FRWBX-0 
TILT=90 
XRFLCT=0. 
SCFSMR=1

AIR=0.7 
JANGR=0. 
MAYGR=0. 
SEPGR=0.

WHEIGHT=2 
OHWD=l 
FLDEPTH-0.5 
FRDEPTH=0.5 
NAME=WIE1 
NGLZ=1
RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 ' SCFSMR=1 ;S
single pane glass 
AIR=0.4 SLB=0.6 

SLB=0.3
.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
.33 JUNGR= 0.33 JULGR= 0.33 AUGGR=0.33 &
.33 OCTGR=0.33 NOVGR=0.33 DECGR= 0.33 ;&

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=1.0 NOVSGF=1.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 OHDEPTH=l &
OHWD=l OHLX= 2 0 OHRX=20
.FLDEPTH=0.5 FLTX=0 . FLWD=0
FRDEPTH=3 8 FRTX=10 FRWD=10
NAME=WIN1 AREA=4 AZM=180
NGLZ=1 UVAL=1.11 GLSTYP=1
RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 ;&
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR-0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSG&=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
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OHFLAP=0 
FLWBX=0 

FRWBX=0 
TILT=90 
XRFLCT= 0.] 
SCFSMR=1
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217
218
219
2 2 0

SHADING

Wresbase.002
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=2 WWIDTH=2 OHDEPTH=l &
OHWD=12 OHLX=2 0 OHRX=20 OHFLAP=0 &

Run: a :wresbase.txt 002
Wolfberry residence Basecase BY: Nosshi
Chino Valley, ARIZONA

15-SEP-98 05:48:16 Page 6 of 11
CALPAS3 • V3.12 License: PC0201 

Weather: PRESCOTT.AZ (Prescott AZ ETMY)
Line

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

FLTX= 0 
FRTX= 0 
AREA=9 
UVAL=1.11

FLWD=0 
FRWD=0 

AZM=180 
GLSTYP=1

TRSHTR=0.8 SCFWNTR=0

FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIN2 
NGLZ=1 
RSHTR=0.0 
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0. JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

FLWBX=0 Sc
FRWBX=0
TILT=90 Sc
XRFLCT=0.14 Sc
SCFSMR=1 ;&

0.33 &
0.33 &
0.33 ;&

237 SHADING WHEIGHT=3 WWIDTH=3 OHDEPTH=l Sc
238 OHWD=12 OHLX=20 OHRX=20 OHFLAP=0 Sc
239 FLDSPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 Sc
240 FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
241 GLASS NAME=WIN3 AREA=9 AZM=180 ,TILT=90 Sc
242 NGLZ=1 UVAL=1.11 GLSTYP=1 XRFLCT=0 ..14 Sc
243 RSHTR=0.0 . TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 ;Sc
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260 
261 
262
263
264
265
266
267
268
269
270

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR= 0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 & 
MAYGR=0.33 JUNGR=0.33 JULGR= 0.33 AUGGR= 0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

WWIDTH=3 
OHLX=20 
FLTX=0 
FRTX= 0 
AREA=9 
UVAL=1.11

OHDEPTH=l 
OHRX=20 
FLWD=0 
FRWD= 0 

AZM=180 
GLSTYP=1

TRSHTR=0.8 SCFWNTR=0

OHFLAP=0 
FLWBX=0 
FRWBX=0 
TTLT=90 
XRFLCT= 0. 
SCFSMR=1

WHEIGHT=3 
OHWD=12 
FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIN4 
NGLZ=1 
RSHTR= 0.0 
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR= 0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR= 0.33 NOVGR=0.33 DECGR= 0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
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271
272
273
274
275

SHADING

Run: a :wresbase.txt

Wresbase.002
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 OHDEPTH=l &
OHWD=12 OHLX=20 OHRX=20 OHFLAP=0 &
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &

002 15-SEP-98 05:48:16 Page 7 of 11 
Wolfberry residence Basecase BY: Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY) 
Line
276
277
278
279
280 
281 
282
283
284
285
286
287
288
289
290

298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

FRDEPTH=0.5 
NAME=WTN5 
NGLZ=1 
RSHTR=0.0
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3 
JANGR=0.33 FEBGR=0.33 MARGR=0, 
MAYGR=0.33 JUNGR=0.33 JULGR=0

'FRTX=0 FRWD=0 FRWBX= 0
AREA=4 AZM=180 TILT=90
UVAL=1.11 GLSTYP=1 XRFLCT=0.
TRSHTR=0.8 SCFWNTR=0 SCFSMR=1

&
&

;&

33 APRGR= 0.33 
33 AUGGR=0.33

Sc 
Sc

SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 & 
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

291 SHADING WHEIGHT=2 WWIDTH=2 OHDEPTH=l Sc
292 • OHWD=12 OHLX=20 OHRX=2 0 OHFLAP=0 Sc
293 FLDEPTH=0.5 FLTX=0 FLWD=0' FLWBX=0 Sc
294 FRDEPTH=0.5 FRTX= 0 FRWD=0 FRWBX= 0
295 GLASS NAME=WIN6 AREA=9 AZM=180 TILT=90 Sc
296 NGLZ=1 UVAL=1.11 GLSTYP=1 XRFLCT=0.14 Sc
297 RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 J Sc

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0. &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

WHEIGHT=3 WWIDTH=3
OHWD=12 OHLX=20
FLDEPTH=0.5 FLTX=0
FRDEPTH= 0.5 FRTX=0
NAME=WIN7 AREA=9
NGLZ=1 UVAL=1.11
RSHTR=0.0 
single pane glass 
AIR=0.4 SLB=0.6 

SLB=0.3 
,33 FEBGR=0 
.33 JUNGR=0 
.33 OCTGR=0

OHDEPTH=l 
OHRX=20 
FLWD=d 
FRWD=0 

AZM=186 
GLSTYP=1 

TRSHTR= 0.8 SCFWNTR=0

OHFLAP=0 
FLWBX= 0 
FRWBX= 0 
TILT=90 
XRFLCT=0. 
SCFSMR=1

&
&

&
&

;&

AIR=0.7 
JANGR=0 
MAYGR=0 
SEPGR=0

.33 APRGR=0.33 
,33 AUGGR=0.33 
,33 DECGR=0.33

&
Sc

;&

33 MARGR=0,
33 JULGR=0.
33 NOVGR=0.

Ground. Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
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SHADING
325
326
327
328
329
330

Run: a :wresbase.txt

Wresbase.002
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 OHDEPTH=l &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0 &
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &
FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0•

002 15-SEP-98 05:48:16 Page 8 of 11 
Wolfberry residence Basecase BY: Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY) 
Line
331
332
333
334
335
336
337
338
339
340
341
342
343
344

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

NAME=WIN8 AREA=9 AZM=180
NGLZ=1 UVAL=1.11 GLSTYP=1
RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3 
JANGR=0.33 FEBGR=0 
MAYGR=0.33 JUNGR=0

TILT=90 
XRFLCT=0. 
SCFSMR=1

&

&
;&

33 MARGR= 0.33 APRGR=0.33 
33 JULGR= 0.33 AUGGR=0.33

&
&

SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

345 SHADING WHEIGHT=3 WWIDTH=3 OHDEPTH=l &
346 OHWD=l OHLX=20 OHRX=20 OHFLAP=0 &
347 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 Sc
348 FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
349 GLASS NAME=WIN9 AREA=9 AZM=180 TILT=90 Sc
350 NGLZ=1 UVAL=1.11 GLSTYP=1 XRFLCT=0.14 Sc
351 RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 jSc
352
353
354
355
356
357
358
359

362
363
364
365
366
367
368 
3 69
370
371
372
373
374
375
376
377

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR= 0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 . ;& 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0. &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=1.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

GLASS 
C &

WHEIGHT=3 
OHWD=l 
FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIN10

WWIDTH=3
OHLX=2Q
FLTX=0
FRTX=0
AREA=9

OHDEPTH=l 
OHRX=2 0 
FLWD=0 
FRWD=0 

AZM=180

OHFLAP=0
FLWBX=0
FRWBX=0
TILT=90

&&

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

NGLZ=1 UVAL=1.11 GLSTYP=1 XRFLCT=0.14
RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 & 
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF=T.0 FEBSGF=1.0 MARSGF=1.0 APRSGE=1.0 &
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SHADING

378
379
380
381
382
383
384

Run: a :wresbase.txt

Wresbase.002
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=1.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 OHDEPTH=0.5 &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0 &
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &
FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0

002 15-SEP-98 05:48:16 Page 9 of 11 
Wolfberry residence Basecase BY: Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETM Y) 

Line
385
386
387
388
389
390
391
392
393
394
395
396
397
398

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

NAME=WIN11 AREA=4 AZM=180 TILT=90 &
NGLZ=1 UVAL=1.11 GLSTYP=1 XRFLCT=0.14 &
RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 ;&
single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=1.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

399 SHADING WHEIGHT=2 WWIDTH=2 OHDEPTH=0..5 &
400 OHWD=l OHLX=20 OHRX=20 ' OHFLAP=0 &
401 FLDEPTH=0 5 FLTX=0 FLWD=0 ' FLWBX=0 &
402 FRDEPTH=0.5 FRTX=Q FRWD=0 FRWBX=0
403 GLASS NAME=WIW1 AREA=9 AZM=90 TILT=90 &
404 NGLZ=1 UVAL=1.11 GLSTYP=1 XRFLCT=0.14 &
405 RSHTR=0.0 TRSHTR=0.8 SCFWNTR=0 SCFSMR=1 ;&

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

INFIL
INTGAIN
VENT
TSTATSWNTR
TSTATSSMR
WINDFACTOR
CHNGSEASON
DAYTIMES
OPCOST

single pane glass 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR= 0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.O' &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 OHDEPTH=l &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0
FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
ACBASE=0.4 ; standard (average) construction 
INTGAIN=20 SCHED=RES AIR=0.5 SLB=0.5 ;&
internal gain put to air and slab nodes [KWhr/day] 
TYPE=NONE
THEAT=65 TDSRD=74 TCOOL=150 THEATNIGHT= 6 5
THEAT=0 TDSRD=7 0 TCOOL=80 THEATNIGHT=0 ;&
No night setbacks
0.5; adjusted for a semi open site
TYPE=DATE SUMMERSEG=APR-15 SUMMEREND=OCT-15
WDBEG=8 WDEND=18 SDBEG=8 SDEND=18
ELPRICE=0.095 ACCOP=2.55
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Wresbase.002432
433
434 WARMUP
435 SOLARCALC
436 *END

* * * No input errors

HEATING=ELECTRIC HTCOP=2.08
heatpump for cooling and for heating SEER=10 
WUDAYS=7 WUCYCLES=1
FREQ=MONTHLY

;&

Run: a :wresbase.txt 002 15-SEP-98 05:48:16 Page 10 of 11 
Wolfberry residence Basecase BY: Nosshi CALPASS VS.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY) 
Line

*** Beginning simulation 15-SEP-98 05:48:19
House energy imbalance for FEB Net=-66.722 kBtu (0.0011)
House energy imbalance for APR Net=-71.703 kBtu (0.0026)
House energy imbalance for MAY Net=-47.053 kBtu (0.0026)
House energy imbalance for JUN Net=-17.013 kBtu (0.0011)
House energy imbalance for AUG Net=62.75 kBtu (0.0038)
House energy imbalance for OCT Net=74.24 kBtu (0.0024)
House energy imbalance for NOV Net=72.732 kBtu (0.0014)

*** Run complete.
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Wrescmbc.002
Wolfberry Combined unspace BY : Nosshi CALPASS VS.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY) 
S U M M A R Y  Run period: JAN-01 - DEC-31 Conditioned floor area: 2497 sf

SPACE CONDITIONING LOADS Run totals Peaks
kBtu kBtu/sf kBtuh

House
Cooling 0 0
Heating 1055 0.423 36.823

Sunspace
Heating 0 0

ENERGY CONSUMPTION Run totals Peaks
Prop line Source

kWh; kBtu kBtu/sf kBtu/sf kW; kBtuh
Electricity

House cooling 0 0 0
House heating 149 0.203 0.609 5.187
Sunspace heating .0 0 0-
Total 149 0.203 0.609
Building total 0.203 0.609

OPERATING COSTS

Electricity @ 0.095 $/kWh $ 14
Fuel @ 0 $/kBtu $ 0
Total $ 14 ($0.01/sf)

Note: CALPAS3 is the property of and is licensed by Berkeley Solar Group, 3140 
Martin Luther King Jr. Way, Berkeley, CA 94703 (415 843-7600). Correct applica
tion and operation of CAL PAS 3 is the responsibility of the user. Actual building 
performance may deviate from CALPAS3 predictions due to differences between 
actual and assumed weather, construction, or occupancy. CALPAS3 is certified 
for California energy code compliance when used in accordance with the BSG 
publication "Using CALPAS3 with the California Residential Building Standards."
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Run: a :wrescrabc.txt 002
Wrescmbc.002

29-NOV-98 14:18:57 Page 1 of 12 
Wolfberry Combined unspace BY : Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA ' Weather: PRESCOTT.AZ (Prescott AZ ETMY)
M 0 N T H L Y H O U S E E N E R G Y  B A L A N C E (kBtu; + into house)

GAINS & LOSSES TRANSFERS
MON COND SHCND INFIL SLR INT STRG RB+SS VENT COOL HEAT
JAN -13979 1018.9 -■7835.5 11528 2116.1 452 8142.7 -1488.6 0 22.952
FEB -11472 705.37 -6594.9 9719.3 1911.3 -718 7193.6 -761.07 0 39.790
MAR -9826.7 2357.2 -6115.7 10037 2116.1 -430 5948.7 -4130.4 0 44.564
APR -7796.8 1289.5 -4510.5 7129.5 2047.8 732 3680.0 -2595.2 0 0
MAY -3416.9 370.70 -2208.9 5852.7 2116.1 -855 1453.2 -3302.4 0 0
JUN 1418.8 528.93 -4.240 5289.7 2047.8 -1287 33.383 -8008.4 0 0
JUL 1739.2 549.41 376.57 5106.5 2116.1 576 0 -10472 0 0
AUG 404.32 520.99 -219.88 5142.4 2116.1 299 5.749 -8283.3 0 0
SEP -821.13 480.64 -736.96 6739.0 2047.8 327 71.567 -8103.7 0 0
OCT -5632.8 2001.5 -3427.8 10315 2116.1 -143 1636.2 -6848.9 0 0
NOV -11115 2382.6 -6333.3 11332 2047.8 812 5559.0 -4685.6 0 0
DEC -14586 887.25 -8040.0 11141 2116.1 968 7795.7 -1237.4 0 947.70
TOT -75084 13093 -45651 99332 24915 733 ' 41520 -59917 0 1055.0

M 0 N T H L Y C O N D I T I O N S (Units as shown)

TEMPERATURES (F) WTHR (F;: Btu/sf) PEAKS (kBtuh) ...

MON THL THH THM TSL TSH ■TSM DBL DBH DBM SQL HSCL/DY HSHT/DY SSCL/DY SSHT/DY
JAN 69 74 72 72 101 85 26 51 37 1045 0 12.8 3 0 0
FEB 69 73 71 71 95 81 28 52 39 1312 0 16.2 17 0 0
MAR 72 74 73 85 121 103 31 61 46 1816 0 11.3 3 0 0
APR 70 72 71 76 98 88 37 63 50 2311 0 0 0 0
MAY 68 73 70 69 82 75 44 75 60 2623 0 0 0 0
JUN 70 76 73 74 90 80 58 87 73 2762 0 0 0 0
JUL 70 77 74 75 90 81 63 87 76 2266 0 0 0 0
AUG 70 75 72 74 88 79 59 84 71 2062 0 0 0 0
SEP 70 75 72 73 87 78 56 82 68 1930 0 0 0 0
OCT 71 74 72 85 109 98 43 72 57 1573 0 0 0 0
NOV 72 74 73 88 122 104 32 60 44 1133 0 0 0 0
DEC 68 73 71 70 97 82 23 51 35 931 0 36.8 22 0 0
TOT 70 74 72 76 99 86 42 69 55 1815 0 36.8 0 0
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Wrescmbc.002
Run: a :wrescmbc.txt 002 29-NOV-98 14:18:57 Page 2 of 12 
Wolfberry Combined unspace BY : Nosshi CALPAS3 V3.12 License: PC0201 
Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY) 
M O N T H L Y  S U N S P A C E  E N E R G Y  B A L A N C E  (kBtu; + into SS)

GAINS & LOSSES TRANSFERS
MON TCOND INFIL SLR INT STRG RB HS VENT COOL HEAT
JAN -6555.9 -2364.4 16848 0 203 -8142.7 0 0 0
FEB -5155.1 -1894.8 14924 0 -650 -7193.6 0 0 0
MAR -8845.5 -2823.0 17815 0 -181 -5948.7 -13.724 0 0
APR -6092.8 -1801.1 15686 0 971 -3680.0 -5118.1 0 0
MAY -2858.7 -718.78 13727 0 -64.7 -1453.2 -8629.2 0 0
JUN -1647.4 -331.96 12259 0 -104 -33.383 -10141 0 0
JUL -1343.3 -260.86 11189 0 67.6 0 -9653.7 0 0
AUG -1741.6 -374.52 11966 0 -11.6 -5.749 -9833.6 0 0
SEP -1978.1 -463.22 14194 0 1.78 -71.567 -11681 0 0
OCT -6562.1 -2008.0 17339 0 -1246 -1636.2 -5844.0 0 0
NOV -9125.3 -2886.8 16858 0 768 -5559.0 -77.968 0 0
DEC -6314.9 -2327.1 16060 0 364 -7795.7 0 0 0
TOT -58221 -18255 178865 0 117 - -41520 -60992 0 0
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Wrescmbc.002

Run: a :wrescmbc.txt 002
Wolfberry Combined unspace BY : Nosshi
Chino Valley, ARIZONA’
Line

29-NOV-98 14:18:57 Page 3 of 12
CALPAS3 V3.12 License: PC0201 

Weather: PRESCOTT.AZ (Prescott AZ ETMY)

1
2
3

7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21  
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49 
5 0
51
52
53

T I T L E  
S I T E  - 
A ZM SO UTH

Wolfberry Combined unspace BY : 
LOCATION=Chino Valley, ARIZONA 
0 ; True south

Nosshi

4 GREFLECT JANGR=0.35 FEBGR=0.35 MARGR=0.35 APRGR=0.35 Sc
5 MAYGR=0.35 JUNGR=0.35 JULGR=0.35 AUGGR=0.3 5 Sc
6 SEPGR=0.35 OCTGR=0.35 NOVGR=0.35 DECGR=0.35 jSc

HOUT
HOUSE
ROOF
WALL

W ALL

WALL

WALL

W ALL

W ALL .

W ALL

W ALL

W ALL

S L A B

IN T W A L L

EXW ALL
GLASS

S G D IS T W N T R
S G D IS T S M R
G L S G R E F L E C T

S G F A C T O R S

assumed reflectivity value for desert landscape 
4.00 ; outside film coeff. 7.5 mph in Chino Valley 
FLRAREA=2497 VOL=42030
AREA=1372 AZM=180 TTLT=14 UVAL=0.033 ABSRP=0.30
Northroof R30,absrp for light color metal roofing 
NAME=ROOFS AREA=1202 AZM=0 TTLT=14 UVAL=0.033
ABSRP=0.30 INSIDE=AIR ; absrp. same as above
NAME=SOUTH AREA=719 AZM=0 TILT=90 &
UVAL=0.108 ABSRP=0.5 INSIDE=EXWALL ;&
24" Rammed Earth uval for air+R9, absrp brown

;&

NAME=EAST 
UVAL=0.108 
same as above 
NAME=NORTH * 
UVAL=0.108 
same as above 
NAME=WEST 
UVAL=0.108 
same as above 
NAME=MAINDOOR 
UVAL=0.385

AREA=775 
ABSRP=0.5
AREA=1370 
ABSRP=0.5
AREA= 801 
ABSRP=0.5

,AREA=21 
ABSRP=0.6

AZM=270 TILT=90 
INSIDE=EXWALL
AZM=180 TILT=90 
INSIDE=EXWALL
AZM=90 TILT=90 
INSIDE=EXWALL

AZM=0 TTLT=90 
INSIDE=AIR

Main door solid softwood core R-2.6
NAME=KITCHNDOOR AREA=21 
UVAL=0.385 ABSRP=0.6
same as main door 
NAME=DECKDOOR AREA=21 
UVAL=0.385 ABSRP=0.6
same as main door 
NAME=PERSLBLOSS AREA=240 
UVAL=0.50 ABSRP=0.0

AZM=27 0 TILT=E
INSIDE=AIR

AZM=27 0 TILT=9 0 
INSIDE=AIR

AZM: = 0 TILT=
INSIDE=AIR

0.

Sc 
; Sc

Sc
}Sc

Sc
;&

Sc
;&

Sc
;&

Sc
; &

&
;&

slab on grade with R9 edge insulation 
AREA=2497 THKNS=4 MATERIAL=CONC140
HTAHS=1.5 RSURF=0 ; exposed slab
AREA=1260 THKNS=12 MATERIAL=ADOBE HTAHS=1.5 
RSURF=0.0 ; Inside earth wall
THKNS=24 MATERIAL=ADOBE HTAHS=1.5 RSURF=0.0
NAME=WIS3 AREA=48 AZM=0 TILT=90 &
NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 &

RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ;&
Double glass with night insulation
AIR=0.1 SLB=0.5 
AIR=0.1 SLB=0.4 
JANGR=0.33 FEBGR=0 
MAYGR=0.33 JUNGR=0 
SEPGR=0.33 OCTGR=0

IW=0.2 XW=0.2 
IW=0.2 XW= 0.3 

33 MARGR=0.33 APRGR=0. 
,33 JULGR= 0.33 AUGGR=0,

33
33

Sc 
Sc

33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF'=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
' Page 4



54
55

Wrescmbc.002
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=1.0 DECSGF=1.0 ;&

Run: a :wrescmbc.txt 002
WoIfberry Combined unspace BY : Nosshi
Chino Valley, ARIZONA
Line

29-NOV-98 14:18:57 Page 4 of 12
CALPAS3 V3.12 License: PC0201 

Weather: PRESCOTT.AZ (Prescott AZ ETMY)

64
65
66
67
68
69
70
71
72
73

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99 

100  
101  
102
103
104
105
106 
107

NO outside obstruction from trees or nearby buildings
57 SHADING WHEIGHT=8 WWIDTH=6 OHDEPTH=l &
58 OHWD=l OHLX=2 0 OHRX=20 OHFLAP=0 &
59 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &
60 FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
61 GLASS NAME=WIS4 AREA=81 AZM=0 TILT=90 &
62 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 &
63 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ;&

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

double glass with night insulation 
AIR=0.1 SLB=0.5 IW=0.2 XW=0.2
AIR=0.1 SLB=0.4 IW=0.2 XW=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&

74 NO outside obstruction from trees or nearby buildings
75 SHADING WHEIGHT=9 WWIDTH=9 OHDEPTH=l &
76 OHWD=l OHLX=20 OHRX=20 OHFLAP=0 &

77 FLDEPTH=24 FLTX=7 FLWD= 6 FLWBX=0 &
78 FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
79 GLASS NAME=WIS5 AREA=36 AZM=0 TILT=90 &

80 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 &

81 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ; Sc
double glass with night insulation

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

AIR=0.1 SLB=0.5 
AIR=0.1 SLB=0.4 
JANGR=0.33 FEBGR=0 
MAYGR=0.33 JUNGR=0 
SEPGR=0.33 OCTGR=0

IW=0.2 XW=0.2 
IW=0.2 XW=0.3

33 MARGR=0.33 APRGR=0.33 &
33 JULGR=0.33 AUGGR=0.33 &
33 NOVGR=0.33 DECGR=0.33 ;& 

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 & 
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=1.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

GLASS

SGDISTWNTR 
SGDISTSMR 
GLSGREFLECT.

SGFACTORS

WHEIGHT=6
OHWD=l
FLDEPTH=24
FRDEPTH=0.5
NAME=WIS6
NGLZ=2
RSHTR=9

WWIDTH=6
OHLX=20
FLTX=7
FRTX=0
AREA=81
UVAL=0.64

OHDEPTH=l 
OHRX=2 0 
FLWD=18 
FRWD=0 

AZM=0 
GLSTYP=1

TRSHTR=0.8 SCFWNTR=1

OHFLAP=0 
FLWBX=0 

FRWBX=0 
TILT-90 
XRFLCT= 0. 
SCFSMR=1 ;&

double glass with night insulation
AIR=0.1 SLB=0.5 
AIR=0.1 SLB=0.4 
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 
MAYGR= 0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 
SEPGR=0.33 OCTGR=0.33

IW=0.2 XW=0.2 
IW=0.2 XW=0.3

&
&

NOVGR= 0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
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108
109
110

Wrescmbc.002
MAYSGF=1.0 JONSGF=1.0 JULSGF=1.0 AUGSGF=1.0 & 
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

002Run: a :wrescmbc.txt 
Wolfberry Combined unspace BY : 
Chino Valley, ARIZONA 
Line

29-NOV-98 14:18:57 Page 5 of 12
Nosshi CALPAS3 V3.12 License: PC0201

Weather: PRESCOTT.AZ (Prescott AZ ETMY)

111
112
113
114
115
116
117
118
119
120  
1 2 1 ' 

122
123
124
125
126
127
128

SHADING

GLASS

WHEIGHT=9
OHWD=l
FLDEPTH=0.5
FRDEPTH=0.5
NAME=WIS7
NGLZ=2
RSHTR=9

WWIDTH=9
OHLX=20
FLTX=0
FRTX=0
AREA=3 6
UVAL=0.64
TRSHTR=0

0HDEPTH=1 
OHRX=20 
FLWD=0 
FRWD—0 

AZM=0 
GLSTYP=1 

8 SCFWNTR=1

OHFLAP=0 
FLWBX=0 
FRWBX=0 

TILT=90 
XRFLCT= 0. 
SCFSMR=1

Sc
Sc

&
;&

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

double glass with night insulation 
AIR=0.1 SLB=0.5 IW=0.2 XW=0.2
AIR=0.1 SLB=0.4 IW=0.2 XW=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=1.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

129 SHADING WHEIGHT=6 WWIDTH=6 OHDEPTH=l Sc
130 OHWD=l OHLX=20 OHRX=20 OHFLAP=0 Sc
131 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 Sc
132 FRDEPTH=0.5 FRTX=Q FRWD=0 FRWBX=0
133 GLASS NAME=WISCS AREA=64 ' AZM=0 TILT=90 Sc
134 NGLZ=2 UVAL=0.64 GLSTYP—1 XRFLCT=0..14 Sc
135 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ; &
136
137
138
139
140
141
142
143
144
145 
■ 146
147
148
149
150
151
152 
' 153
154
155
156
157
158
159
160

double glass with night insulation
SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

AIR=0.1 
AIR=0.1 
JANGR=0 
MAYGR=0 
SEPGR=0

SLB=0.5 
.SLB=0.4

IW=0.2 XW=0.2 
IW=0.2 XW=0.3

33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0. &

JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
OCTSGF=l.0 NOVSGF=l 0 DECSGF=1.0 ;&

MAYSGF=1.0 
SEPSGF=1.0
NO outside obstruction from trees or nearby buildings

GLASS 
C &

WHEIGHT=2 
OHWD=l 
FLDEPTH-0. 
FRDEPTH=0. 
NAME=WIE1

WWIDTH=32 
OHLX=20 
FLTX=0 
FRTX= 0 
AREA=18

OHDEPTH=l
OHRX-20
FLWD=0
FRWD=0

AZM=270

OHFLAP=0
FLWBX-0
FRWBX—0
TILT=90
XRFLCT=0.14 
SCFSMR=1

&
Sc

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

NGLZ=2 UVAL=0.64 GLSTYP=1
RSHTR=9 TRSHTR=0.8 SCFWNTR=1
double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB-0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR= 0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 & 
SEPGR=0.33 OCTGR=0.33.NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 

:Page 6
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SGFACTORS161
162
163
164

Wrescmbc.002
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

Run: a :wrescmbc.txt 002
Wolfberry Combined unspace BY : Nosshi
Chino Valley, ARIZONA

29-NOV-98 14:18:57 Page 6 of 12
CALPAS3 V3.12 License: PC0201 

Weather: PRESCOTT.AZ (Prescott AZ ETMY)

WHEIGHT=3 WWIDTH=6 0HDEPTH=1 &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0
FRDEPTH=26 FRTX=10 FRWD=10 FRWBX=0
NAME=WIE2 AREA=4 AZM=270 TILT=90
NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14
RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ;&
double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

Line
165
166
167
168

SHADING

169
170
171
172

GLASS

173 SGDISTWNTR
174 SGDISTSMR
175
176
177
178

GLSGREFLECT

179
180 
181 
182

SGFACTORS

183
184
185
186

SHADING

187
188
189
190

GLASS

191 SGDISTWNTR
192 SGDISTSMR
193
194
195
196

GLSGREFLECT

197
198
199
200

SGFACTORS

201
202

SHADING
203
204
205
206
207
208

GLASS

209 SGDISTWNTR
210 SGDISTSMR
211
212

GLSGREFLECT
213
214

WHEIGHT=2 
0HWD=1 
FLDEPTH=0.5 
FRDEPTH=26 
NAME=WIN1 
NGLZ=2 
RSHTR=9

WWIDTH=2
OHLX=20
FLTX=0
FRTX=10
AREA=4
UVAL=0.64

OHDEPTH=l
OHRX=20
FLWD=0
FRWD=10

AZM=180
GLSTYP=1

OHFLAP=0 
FLWBX=0 

FRWBX=0 
TILT=90 
XRFLCT=0.] 
SCFSMR=1TRSHTR=0.8 SCFWNTR=1 

double glass with night insulation 
AIR= 0.4 SLB=0.6 
AIR= 0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 ' & 
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

;s

WHEIGHT=2
OHWD=12
FLDEPTH=0
FRDEPTH=0
NAME=WIN2
NGLZ=2
RSHTR=9

WWIDTH=2 
0HLX=2 0 
FLTX=0 
FRTX= 0 
AREA=6 
UVAL=0.64

0HDEPTH=1 
0HRX=2 0 
FLWD=0 
FRWD=0 

AZM=180 
GLSTYP=1

TRSHTR=0.8 SCFWNTR=1 
double glass with night insulation 
AIR= 0.4 SLB=0.6 
AIR=0.7 SLB=0.3 
JANGR=0.33 FEBGR=0 
MAYGR= 0.33 JUNGR=0 
SEPGR=0.33 OCTGR= 0

OHFLAP=0 
FLWBX=0 
FRWBX=0 
TILT=90 
XRFLCT=0. 
SCFSMR=1 ; &

33 MARGR= 0.
33 JULGR=0.
33 NOVGR=0.

Ground Reflectivity specific to window not available
Page 7

33 APRGR=0.33 
33 AUGGR=0.33 
33 DECGR=0.33

Sc
Sc

;&

Ro
 R

1 
Ro

 R
i 

R1
 R

1 
R1

 R
7 

R
^R

’
R1

^



215
216
217
218 
219

SGFACTORS

SHADING

Wrescmbc.002
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 OHDEPTH=l &

002Run: a :wrescmbc.txt 
Wolfberry Combined unspace BY : Nosshi 
Chino Valley, ARIZONA 
Line

29-NOV-98 14:18:57 Page 7 of 12
CALPAS3 V3.12 License: PC0201 

Weather: PRESCOTT.AZ (Prescott AZ ETMY)

220 OHWD=12 OHLX=20 OHRX=2 0 OHFLAP=0 Sc
221 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 Sc
222 FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
223 GLASS NAME=WIN3 AREA=6 AZM=180 TILT=90 Sc
224 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 Sc
225 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 . SCFSMR=1 ;&
226
227
228
229
230
231
232
233
234
235
236

268

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

double glass with night insulation 
AIR=0.4 SLB=0.6 

SLB=0.3 
33 FEBGR-0 
33 JUNGR=0 
33 OCTGR=0

AIR=0.7 
JANGR= 0 
MAYGR= 0 
SEPGR=0

33 APRGR= 0.33 
33 AUGGR= 0.33 
33 DECGR=0.33

&
&

; &

33 MARGR= 0.
33 JULGR=0.
33 NOVGR=0.

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

237 SHADING WHEIGHT=3 WWIDTH=3 OHDEPTH=l Sc
238 OHWD=12 OHLX=20 OHRX=20 OHFLAP=0 &
239 FLDEPTH=0.5' FLTX=0 FLWD=0 . FLWBX=0 Sc
240 FRDEPTH=0.5 FRTX= 0 FRWD=0 FRWBX=0
241 GLASS NAME=WIN4 AREA=6 AZM=180 TILT=90 Sc
242 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 Sc
243 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ;&
244
245
246
247
248
249
250
251
252
253
254
255

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR= 0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 & 
SEPGR=0.33 OCTGR= 0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings
WHEIGHT=3 WWIDTH=3 OHDEPTH=l

256 OHWD=12 OHLX=20 OHRX=20 OHFLAP=0 Sc
257 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 Sc
258 FRDEPTH= 0.5 FRTX=0 FRWD=0 FRWBX=0
259 GLASS NAME=WIN5 AREA=4 AZM=180 . TILT=90 Sc
260 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 Sc
261 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ;&
262 double glass with night insulation
263 SGDISTWNTR AIR=0.4 SLB=0.6
264 SGDISTSMR AIR=0.7 SLB=0.3
265 GLSGREFLECT JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
266 MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
267 SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 ;&

Ground Reflectivity specific to window not available 
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SGFACTORS Wrescmbc.002
269 SGFACTORS JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
270 MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
271 SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
272 NO outside obstruction from trees or nearby buildings
273 SHADING WHEIGHT=2 WWIDTH=2 OHDEPTH=l &
274 OHWD=12 OHLX=20 OHRX=20 OHFLAP=0 &

Run: a :wrescmbc.txt 002 29-NOV-98 14:18:57
Wolfberry Combined unspace BY : Nosshi

Page 8 of 12
CALPAS3 V3.12 License: PC0201

280
281
282
283
284
285
286
287
288
289
290

298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322

Chino
Line

Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY)

275 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &
276 FKDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
277 GLASS NAME=WIN6 AREA=6 AZM=180 TILT=90 Sc
278 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=i0.14 Sc
279 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ; Sc

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 & 
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 & 
SEPGR=0.33 OCTGR= 0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 & 
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=1.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

291 SHADING WHEIGHT=3 WWIDTH=3 OHDEPTH=2 &
292 OHWD=l OHLX=20 OHRX=2 0 OHFLAP=0 Sc
293' FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 Sc
294 FRDEPTH=0.5 FRTX=0 FRWD=0 • FRWBX=0
295 GLASS NAME=WIN7 AREA=6 AZM=180 TILT=90 Sc
296 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 Sc
297 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ;&

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR= 0.33 NOVGR=0.33 DECGR=0.33 ;& 
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

WHEIGHT=3
OHWD==l
FLDEPTH=0
FRDEPTH=0
NAME=WTN8
NGLZ=2
RSHTR=9

WWTDTH=3 
OHLX=20 
FLTX= 0 
FRTX= 0 
AREA=6 
UVAL=0.64

OHDEPTH=2
OHRX=20
FLWD=0
FRWD=0

AZM=180
GLSTYP=1

TRSHTR=0.8 SCFWNTR=1 
double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3 
JANGR= 0.33 FEBGR=0 
MAYGR=0.33 JUNGR=0 
SEPGR=0.33 OCTGR=0

OHFLAP=0 
FLWBX= 0 
FRWBX= 0 
TILT=90 
XRFLCT=0. 
SCFSMR=1

&
&

&
Sc

; Sc

33 MARGR=0.
33 JULGR=0.
33 NOVGR=0,

Ground Reflectivity specific to window not available
Page 9

33 APRGR=0.33 
33 AUGGR= 0.33 
33 DECGR= 0.33

&
Sc

;&



323
324 
325'
326
327
328
329

SGFACTORS

SHADING

Wrescmbc.002
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 0HDEPTH=2 &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0 &
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &

0 02Run: a :wrescmbc.txt 
Wolfberry Combined unspace BY : Nosshi 
Chino Valley, ARIZONA 
Line

: 29-NOV-98 14:18:57 Page 9 of 12
CALPAS3 V3.12 License: PC0201 

Weather: PRESCOTT.AZ (Prescott AZ ETMY)

330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

370
371
372
373
374
375

GLASS

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

SHADING

GLASS. 
C &

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

SGFACTORS

FRWBX=0 
TILT=90 
XRFLCT=0. 
SCFSMR=1

FRDEPTH=0.5 FRTX=0 FRWD=0
NAME=WIN9 AREA=6 AZM=180
NGLZ=2 UVAL=0.64 GLSTYP=1
RSHTR=9 TRSHTR=0.8 SCFWNTR=1
double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 &
SEPGR=0.33 OCTGR= 0.33 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 & 
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SERSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

&
&

;&

WHEIGHT=3 
OHWD=l 
FLDEPTH=0.5 
FRDEPTH=0.5 
NAME=WIN10

WWIDTH=3 
OHLX=20 
FLTX=0 
FRTX= 0 
AREA=4

OHDEPTH=2
OHRX=20
FLWD=0
FRWD=0

AZM=180
NGLZ=2 UVAL=0.64 GLSTYP=1
RSHTR=9 TRSHTR=0.8 SCFWNTR=1
double glass with night insulation 
AIR=0.4 SLB=0.6 

SLB= 0.3 
33 FEBGR=0 
33 JUNGR= 0 
33 OCTGR=0

OHFLAP=0 
FLWBX=0 
FRWBX= 0 
TILT=90
XRFLCT=0.14 
SCFSMR=1

8c
&

;&

AIR=0.7 
JANGR=0 
MAYGR=0 
SEPGR= 0

33 MARGR=0.33 APRGR=0.33 &
33 JULGR=0.33 AUGGR= 0.33 &
33 NOVGR=0.33 DECGR=0.33. ;&

Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 & 
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings

363 SHADING • WHEIGHT=2 WWIDTH=2 OHDEPTH=0..5 &
364 0HWD=1 OHLX=2 0 OHRX=20 OHFLAP=0 &
365 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &
366 FRDEPTH= 0.5 FRTX=0 FRWD=0 FRWBX=0
367 GLASS NAME=WIW1 AREA=9 AZM=90 TILT=90 &
368 NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 &
369 RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ; &

SGDISTWNTR
SGDISTSMR
GLSGREFLECT

double glass with night insulation 
AIR=0.4 SLB=0.6 
AIR=0.7 SLB=0.3
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 
MAYGR=0.33 JUNGR=0.33 JULGR=0.33 AUGGR=0.33 
SEPGR=0.33 OCTGR=0.33 NOVGR=0.33 DECGR=0.33 

Page 10

Sc
Sc

;&



376
377
378
379
380
381
382
383

SGFACTORS

SHADING

Wrescmbc.002
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0•0CTSGF=1.0 N0VSGF=1.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=3 WWIDTH=3 OHDEPTH=l &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0 &
FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &

Run: a :wrescmbc.txt 002
WoIfberry Combined unspace BY : Nosshi

29-NOV-98 14:18:57 Page 10 of 12
CALPAS3 V3.12 License: PC0201

Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY)
Line
384
385 INFIL
386
387

INTGAIN
388
389

VENT
390 TSTATSWNTR
391
39%
393

TSTATSSMR

394 SUNSPACE
395 SSROOF
396
397
398

SSWALL
399
400

SSWALL
401 SSWALL
402
403'
404
405

SSMASSWALL

406 SSMWGLASS
407
408
409 SGDISTWNTR
410 SGDISTSMR
411
412

GLSGREFLEC1
413
414
415
416
417
418

SGFACTORS

419 SHADING
420
421

SSSLAB
422 SSGLASS
423
424
425

C &

426 SGDISTWNTR
427 SGDISTSMR
428 GLSGREFLEC1:

FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0
ACBASE=0.4 ; standard (average) construction 
INTGAIN=2 0 SCHED=RES AIR=0.5 SLB=0.5 ;&
internal gain put to air and slab nodes [KWhr/day] 
TYPE=NATURAL AINLET=130 AOUTLET=130 &
HDIFF=15 ; 30% OF GLASS USED FOR VENT 
THEAT=65 TDSRD=74 TCOOL=150 THEATNIGHT= 6 5 
THEAT=0 TDSRD=70 TCOOL=80 THEATNIGHT= 0 ;&
No night setbacks
FLRAREA=304 VOL=2470 CAIR=1456
AREA=114 AZM=0 TILT=14 UVAL=0.033 &
ABSRP=0.3
NAME=SSEAST AREA=65 AZM=-90- TILT=90 UVAL=0.07 &
ABSRP=0.5 ; R13 woodframe
NAME=SSWEST AREA=65 AZM=90 TILT=90 UVAL=0.07 &
ABSRP=0.5
NAME=SSPERLOSS AREA=54 AZM=0 UVAL=0.5 ABSRP=0 ;&
4" slab with perimeter insulation
AREA=342 THKNS=24 MATERIAL=ADOBE &
HTASS=1.5 HTAHS=0 RSURF=0 HOGLS=0 HOTASS=l.5 &
HGTASS=1.5
AZM=0 TILT=60 NGLZ=2 UGLASS=0.64 GLSTYP=1 &
XRFLCT=0.24 RSHTR=9 TRSHTR=0.9 SCFWNTR=1 &
SCFSMR=1 ; night insl, dblglass 
SSAIR=0.3 SSSLB=0.4 SSMWO=0.3
SSAIR=0.6 SSSLB=0.3 SSMWO=0.1
JANGR= 0.55 FEBGR=0.55 MARGR=0.55 APRGR=0.55- &
MAYGR=0.55 JUNGR=0.55 JULGR=0.55 AUGGR=0.55 &
SEPGR=0.55 OCTGR=0.55 NOVGR=0.55 DECGR=0.55 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=9 WWIDTH=3 8 OHDEPTH=0.5
AREA=304 THKNS=4 MATERIAL=CONC140 HTASS=1.5 &
RSURF=0
NAME=LEFTOVER AREA=126 AZM=0 TILT=60
NGLZ=2 UVAL=0.64 GLSTYP=1 XRFLCT=0.14 &
RSHTR=9 TRSHTR=0.8 SCFWNTR=1 SCFSMR=1 ;&
Double glass with night insulation 
SSAIR=9.3 SSSLB=0.4 SSMWO=0.3
SSAIR=0.6 SSSLB=0.3 SSMWO=0.1
JANGR=0.33 FEBGR=0.33 MARGR=0.33 APRGR=0.33 &
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429
430
431
432
433
434
435
436
437

SGFACTORS

SHADING

Wrescmbc.002
MAYGR=0.33 JUNGR=0.33 JULGR= 0.33 AUGGR= 0.33 &
SEPGR=0.33 OCTGR= 0.3.3 NOVGR=0.33 DECGR=0.33 ;&
Ground Reflectivity specific to window not available 
JANSGF=1.0 FEBSGF=1.0 MARSGF=1.0 APRSGF=1.0 &
MAYSGF=1.0 JUNSGF=1.0 JULSGF=1.0 AUGSGF=1.0 &
SEPSGF=1.0 OCTSGF=l.0 NOVSGF=l.0 DECSGF=1.0 ;&
NO outside obstruction from trees or nearby buildings 
WHEIGHT=9 WWIDTH=14 OHDEPTH=0.5 &
OHWD=l OHLX=20 OHRX=20 OHFLAP=0 &

Run: a :wrescmbc.txt 002
Wolfberry Combined unspace BY : Nosshi

29-NOV-98 14:18:57 Page 11 of 12 
CALPAS3 V3.12 License: PC0201

Chino Valley, ARIZONA Weather: PRESCOTT.AZ (Prescott AZ ETMY)
Line
438 FLDEPTH=0.5 FLTX=0 FLWD=0 FLWBX=0 &
439 ' FRDEPTH=0.5 FRTX=0 FRWD=0 FRWBX=0

E Keyword = SHADING .
E Warning: Fins not always modeled correctly on tilted glass

440 SSINFIL
441 SSVENT
442
443 S STS TATSWNTR
444 SSTSTATSSMR
445 SSCOUPLING
446
447 WINDFACTOR 
448' CHNGSEASON
449 DAYTIMES
450 OPCOST
451
452 .
453 WARMUP
454 ’ SOLARCALC
455 *END

ACBASE=1.5
TYPE=NATURAL AlWLET=48 AOUTLET=48 &
HDIFF=3.5 
THEAT=0 TVENT=150 
THEAT=0 TVENT=75
UATAHS=106.56 VENT=NATURAL AREALOW=48
AREAHIGH=4 8 ■ HDIFF=4.25 SHVEFF=0.9
0.5; adjusted for a semi open site.
TYPE=DATE SUMMERBEG=APR-15 SUMMEREND=OCT-15
WDBEG=8 WDEND=18 SDBEG=8 SDEND=18
ELPRICE=0.095 ACCOP=2.55 &
HEATING=ELECTRIC HTCOP=2.08 ;&
heatpump for cooling and for heating SEER=10 
WUDAYS=7 WUCYCLES=1
FREQ=MONTHLY

*** No input errors.
*** Beginning simulation 29-NOV-98 14:19:00

Overall energy imbalance for FEB Net=53.908 kBtu (0.001) 
Overall energy imbalance for APR Net=-59.703 kBtu (0.0011) 
House energy imbalance for JUN Net=18.714 kBtu (0.001)

*** Run complete.
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