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Section 1 - Introduction

In this section the author will outline the purpose of 
the study along with describing the research 
methodologies. This section of the report is 
divided into three sub-section as listed below:

1.1 Abstract Pg- 1
1.2 Problem Statement pg- 3
1.3 Research Goal & Methods pg. 6

# % •.r"

Following this introduction, the author will discuss 
the medical facilities that were selected as case 
studies to better inform the design process.
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A Climatic Responsive Outpatient Medical Facility 
in Tucson. Arizona

The objective of this Master's study will be to create a climate responsive 

outpatient medical facility that will serve its surrounding community. The design 

methodology will first investigate the energy efficiency of comparable medical 

buildings in southern Arizona. In addition outstanding examples of energy 

efficient strategies will be investigated. Upon selection and analysis of a given 

site, a design proposal will be developed which will have strong influence from all 

the aforementioned research. Evaluation of the design through simulation 

processes will take place during which the proposal will undergo design 

modifications to optimize its thermal and energy performances and retested as 

necessary. The final design will be compared to the medical facilities 

investigated in the case review using the same simulation criteria as with the 

design proposal. Conclusions of the design's architectural, energy efficiency, 

and aesthetic attributes will be developed.
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A Climatic Responsive Outpatient Medical Facility 
in Tucson. Arizona

In a world of increasing population and rising energy costs, a need for 

energy efficient construction has begun to emerge as one of the leading 

design issues of the new century. All professions are affected by this important 

trend, and the medical community is no exception. Like most commercial build

ings, health facilities consume large quantities of materials, energy, and supplies 

at initial construction and during their operational life. By their intrinsic nature, 

medical buildings serve as role models for a healthy and sustainable environ

ment. This is not limited to the services they provide to patients, but should extend 

to the surrounding environment and community.

Currently, many strategies for energy conservation exist and are evident in 

numerous architectural projects around the world. Included in these examples 

are projects that exhibit good stewardship in the areas of sustainable design, 

ecologically sensitive architecture, and limited resource consumption. A great 

deal of information is available in reviewing existing examples and it will provide a 

base point from which this project's research will begin. Likewise, numerous 

sources can be found on energy saving strategies as related to building design. 

Many could be applicable to medical buildings such as the outpatient facility 

proposed in this report. Recent publications, as listed in the bibliography, are on 

the cutting edge of technology and design in reducing energy consumption and 

promoting more sensitive approaches to construction. However, little information 

is available on such strategies focused on medical facilities, particularly those in 

hot, arid climates like Tucson. Several examples were found in which energy
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saving techniques were used with medical facilities in northern climates were 

heating was the predominate factor. Conversely, limited useful information could 

be found on similar program spaces in desert regions. This apparent gap in 

existing information provides an opportunity for this project to develop new ideas 

in relation to this specific area of architectural design.
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The goal of this study is to produce an architectural design that will apply 

energy design strategies to the specific program of an outpatient medical 

facility in the hot arid climate of Tucson, Arizona. These sustainable initiatives will 

be clearly outlined and identified as they are incorporated into the design of this 

health center. This study will illustrate how these energy design concepts are 

applicable to medical projects and identify areas of little or no previous research. 

The process will be done in such a way that produces an architecturally and 

aesthetically distinct building that can be compared to similar facilities while clearly 

demonstrating an awareness and understanding of environmentally sensitive 

design principles.

Research Methods and Process

- Develop a library of related literature. This will be accomplished by an 

extensive literature review of related thesis, journals, relevant magazine articles, 

books, and other resources. Much of this material will relate to medical facilities, 

resource conscious design, and the climatic characteristics of a hot, arid region. 

This information will be presented in an annotated bibliography in this report's 

appendix.

- Identify similar medical facilities as case studies. An investigation will be 

done to search for related medical facilities that may prove similar in their function

ality and operation. This search will be limited to facilities in similar climates as that 

of this design project. Case reviews will help identify these specific facilities and 

their potential relationship to this project.
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- Identify relevant projects that incorporate sustainable design 

strategies. A number of projects will be reviewed and identified based on their 

use of energy efficient concepts. Some of these ideas will be incorporated into 

the proposed design as appropriate. Additional examples will be reviewed that 

exist in other climatic regions as well.

- Develop a list of important architectural and program methods that 

will be the base from which the proposed design will emerge.

- Select a site for the proposed medical facility. A search for a 

candidate will be undertaken that will support the parameters listed in the 

previous step as being essential to the overall design. From this location, a detail 

site analysis will be undertaken to establish existing parameters, constraints and 

other relevant issues to this design project.

- Create a series of preliminary designs incorporating the concepts 

identified in the literature review as well as the site information. Schematic 

designs and concept sketches will be developed that incorporate all the 

preceding information and clearly outline the essential elements of the proposed 

design. This step will help clarify and focus the project into a more tangible set of 

parameters.

- Design development and further defined project scope After 

developing a series of designs, charts, sketches, and concept diagrams, the 

project will begin to take shape in a more developed form. Preliminary design will 

lead into more detailed plans, elevations, sections, renderings, and other means 

of communicating the design intent. This process may be repeated as necessary
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to refine the design while continuously reviewing the incorporation of the site, energy 

strategies, programmatic requirements, and other relevant information.

- Testing of energy strategies and project performance. Upon completion of 

the design development, the proposal will be tested to determine its energy efficiency 

by examining its thermal performance, and other sustainable properties. This will be 

accomplished using a series of computer simulations to test different strategies. The 

results will be used to help modify the design to maximize its energy performance.

- Design Review. Throughout the design and testing phase, a series of public 

and academic committee reviews will be conducted to keep the design focused and 

on schedule. Architects, energy specialists, code officials, and medical professionals 

will be involved throughout this review phase to ensure that the project meets the 

requirements outlined for this report along with validating the design's performance 

and overall benefit to this area of research. Each review will attempt to address the 

aforementioned sub problems such that a clear relationship is evident between the 

overall design intent and the subsequent project results.

- Compare the developed design with case study examples. Upon 

substantial completion of the outpatient facility's design, the energy tests and other 

measurable data will be compared back with information gathered during the 

literature and precedence review. A detailed means of comparison will need to be 

devised to ensure relevance with case study examples. Design review will assist in 

furthering this process.
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Section 2 - Case Studies

In this section the author will examine three case 
studies representing outpatient medical facilities of 
similar programmatic nature. These facilities are 
all located in the greater Tucson area as will be 
shown in the preceding discussion. This section of 
the report is divided into three sub-section as listed 
below:

2.1 Rancho Vistoso Outpatient Center Pg. 10
2.2 Ina & Shannon Outpatient Center Pg. 27
2.3 Urgent Care Associates Health Ctr. Pg. 45

Following these case studies, the author will begin 
to develop the design of the proposed facility in 
this study. The case studies will be of great 
importance in informing this process
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2.1 Rancho Vistoso Urgent Care

N

Fig. 4.0

General Building Calculations

• Gross Floor Area: 52, 380 sq. ft.

• Net Program Area: 35,442 sq. ft. (67.6% of gross area)

• Circulation Area: 11,954 sq. ft. (23% of gross area)

• Mechanical/Service Area: 1517 sq. ft. (2.9% of gross area)

• Building Volume: l ,017,477 cu. ft.

• Exterior Surface Area: 138,691 sq. ft.

• Surface to Volume Ratio: 13.6%

• Fenestration Area: 1784 sq. ft.

• Fenestration to Floor Area: 3.4%

Electrical Usage:
- Cooling: 50.85 KBtu/S.F.
- Heating: 2.63 KBtu/S.F.
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2.1 Rancho Vistoso Urgent Care

The Rancho Vistoso Urgent Care facility is located near the northwest corner of Oracle 

Road and Rancho Vistoso Blvd. in Oro Valley, Arizona. This semi-rural location lies near the 

northernmost edge of the Tucson Metro area. The site is a rectangle 6.00 acres in size. 

The site is oriented a east-west orientation with the building is located towards the western 

end of the property and parking surrounding the building on all sides. The site is gently 

sloping to the west with an elevation change of approximately 8 feet. To the west, east 

and north is open desert with a large shopping complex located to the south.

The building itself is a 50,210 sq. ft. single story, steel frame structure with stucco exterior 

walls and a flat built-up roof. The overall dimension of the structure is 305 feet (east to 

west) by 1 70 feet (south to north). The building's form is a large rectangular box with small 

entry kiosks that extend out beyond the exterior perimeter and rise up above the parapet 

wall. Fenestration is continuous around the entire building. Windows consist of either short, 

wide windows for exam rooms, or square windows for offices and waiting areas.

The exterior of the building is light beige with dark red accents and the roof is a light grey 

color. Numerous small bushes and young samplings are planted around the building with 

additional trees located along Oracle Road and in planting islands in the parking areas. 

The parking lot is asphalt with concrete walkways leading to the building.

The facility was built in 2001 as an urgent care facility, physician offices, and family prac

tices. The building's primary function is medical. Currently, Northwest hospital's urgent 

care is located on the southeast corner of the building with and adjacent radiology and 

triage space. Pediatrics, family practice, and a special clinic are located in the north 

portion of the building with physician offices on the west side.
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In regard to the urgent care portion of this facility, the majority of the program spaces are 

built into medium lab and offices spaces along with small exam rooms surrounded by a 

series of side hallways. A long corridor runs down the center side of the entire building 

from east to west. A central reception desk is located off this main corridor with two wait

ing areas flanking to the east and west. Exam and treatment rooms run along the exterior 

walls of this area. A large central nurse's station and administrative offices are located in 

the middle of the urgent care ward. This same configuration exists for most of the other 

program functions and clinics in the building. Each other clinic area has its own dedi

cated waiting area and reception. The entire building's programmatic layout can be de

scribed as a pod or modular system.
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Fig. 4.5  -  Site Plan
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Fig. 4.7 - Elevations
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The Rancho Vistoso Urgent Care facility has a number of positive and negative aspects 

with regard to its energy consumption and its design with respect to the local climate. In

terms of site, this case study is the only one located in a rural environment. This has the 

advantage of reduced heat island effect while the 

site's northern location provides for greater night 

cooling and less reflective heat during the day due 

to the lack of paved surfaces surrounding the site. l l
In regard to the built structure, the Rancho Vistoso 

building is rectangular in shape, but not overly long in any one direction. This provides for 

a small surface to area ratio, reducing the building's exposure to the outside environment. 

The building's orientation is in the east west direction which helps take advantage of the 

beneficial southern exposure while reducing the impact of late day sun on the west fa- 

gade. However, despite the large southern fagade, the large scale of the building still re

sults in large east and west exterior walls which provide a large surface for overheating in 

the summer months.

Insulation provisions in this facility vary with the different

envelope systems. Perimeter walls consist of exterior 8" CMU ;|

with a half inch stucco exterior covering. Inside is a 1" air
/u* wret rrs.pc,

gap followed by interior furred walls for interior finishes. The
se sneicwt I

overall R-value of this assembly is less than that of a standard iU

Fig. 4.9residential dwelling with wood frame construction and fiber

glass insulation. This allows for a large amount of heat transfer between interior and 

exterior. The roof assembly appears more effective in terms of thermal performance. The

flat, built-up roof provides an R-32 insulation value which is adequate for Tucson require-



merits. The concrete slab has a perimeter insulation consisting of 18" wide, %" thick rigid 

insulation board placed under the slab along the exterior edges.

Shading is the area in which the Rancho Vistoso facility performs the poorest with 

regard to the standard criteria of evaluating a building's energy efficiency. With the ex

ception of the covered entry porticos, all exterior fenestration, wall surfaces, and door

ways are completely exposed to the sun. All windows Fjg 4 1 q

are inset by only 3" which provides virtually no shading 

potential for any fagade. Furthermore, each side of 

the building is treated exactly the same in terms of 

shading attempts -  which are almost non-existent. No effort was made to respond to the 

four different facades and their equally different shading requirements. The result is maxi

mum solar penetration of the exterior envelope at all times during the year. This may 

prove helpful in the winter months, but is very counterproductive in the summer time. 

Ideally, the southern fagade would have horizontal shading devices that would be de

signed to block high summer sun from striking the glazing. This would reduce the internal 

Fig. 4.11 >  heat gains in the summer thus reducing the cool

ing loads of the conditioned spaces. At the 

same time, these horizontal shaders would allow 

lower winter sun to penetrate through the windows 

helping to the heat the space in the summer.

reducing the heating load during these cooler months. On the west and north facades, 

vertical shading would prove useful by blocking the late day northerly summer sun from 

overheating these areas while allowing the late day winter sun which strikes these areas 

form a more southerly direction to reflect off these surfaces into the interior program 

areas. Unfortunately no such design attempt was made to take advantage of these
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energy saving opportunities. Due to the newness of this facility, there are no mature trees 

or other vegetation to help naturally shade the exterior of the building. The owners have 

planted some mesquite trees at intervals point in the parking lot, but even at maturity 

these trees will offer little to help shade the building's envelope.

Like with shading, the designers of this facility made 

no attempt to alter the size, type, or amount of win

dow surfaces based on the orientation of the fa

cades. Rather, the south, north, east and west sides

all have the same type of window without any additional care taken on those portions of 

the facility that are exposed to higher levels of solar insolation. Ideally, the south side of 

the building would have the largest amount of glass to take advantage of this most 

beneficial orientation, while west and north sides would limit the glass surface area due tc 

the harsh conditions which affect these parts of the building. None of this was instituted 

in the Rancho Vistoso facility.

The use of bright colors both on the exterior walls and roof help reduce the solar absorp

tivity of the medical facility. Much of the exterior walls are off-white in color with small por

tions of dark red as accent elements. Fenes

tration includes a bronze tint, low-E glazing 

which help reflect heat from sunlight so as 

not to increase internal heat gains. Even the
ft. Program

roof is light grey rather than the usual black asphalt; this proves especially helpful on a 

building of this size having over 50,000 sq. ft. of roofing area.
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In terms of ventilation, the building's air is actively heated and cooled. Practically no 

natural ventilation is used in this facility since none of the windows are operable. Air is 

circulated via ceiling mounted diffusers with a return plenum above the ceiling. Some 

areas have small personal fans for additional air circulation. Even if the exterior were 

operable to allow for natural air to enter, the shear size of the building and rectangular 

footprint would not be conducive for natural air flow.

As described earlier, the Rancho Vistoso center is a metal build

ing with a CMU curtain wall along the exterior. The roof is a metal 

deck with a built-up asphalt membrane. Windows are dou

ble glazed, low-E with aluminum frames (no thermal break).

The interior is furred out along the exterior walls with metal 

studs and drywall finish -  this is true for the interior partitions as

well. Floors are mostly vinyl on top of a six inch concrete slab 

some areas have a carpet for acoustical and aesthetic pur

poses. Ceiling is finished with a suspended acoustical tile 

ceiling with fluorescent fixtures integrated into the tile pattern.

All doors are hollow metal with some fire glass panels were 

desired. According to user interviews, exterior doors have been 

the only trouble spot in terms of material problems. They tend to

leak whenever it rains which has caused minor flooding in corridors leading to the 

outside. In addition door hardware and some casework has proven to be of inferior qual

ity and has been replaced or is slated for repairs in the near future.

To fuel this large medical facility, a series of packaged air handling units were used to 

create a zoned climate system. The building has no gas service and relies entirely on
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electrical heating and cooling to maintain thermal comfort levels, Each office cluster is 

attached to a dedicated air handling unit allowing each division within the building to 

adjust the thermal settings to their specific preferences.

Since the facility was designed for a "build-out" program, H3M5
not all the spaces were occupied initially. The shell was left 

unconditioned until the program areas were finished out.

Fig. 4.15
This was another reason for the package AHU system which %===== 

proves more cost effective and practical for this type of 

building design. In terms of technicality, each package unit includes a dedicated cool

ing tower, fan unit, and feeder ducts which tie into the ductwork of the applicable duct 

system. The system is quite modern since the building is less than two years old. It has a 

comparable rating of a SEER-14 with a fan efficiency of 81 % according to the mechani

cal plans. Some reported problems early in the building's use have been an unbalanc

ing of the air flow in different parts of the building. Users complained that the south side

p  of the building was substantially warmer than

other areas. This problem was corrected re

cently by adding additional ductwork to these 

sections and a re-balancing of the mechanical 

system. No further complaints have been noted 

since these repairs.

g

---m
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fig.4.16

In terms of clientele, the facility sees on average 220 patients a day. The numbers vary 

from 260 in the winter to 180 in the summer with a staff of approximately 40.
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Upon reviewing the data generated by the Energy-10 computer simulation, a great deal 

of could be deduced to complement utility information given by the owners of the three 

medical facilities. Energy-10 was particularly helpful in disseminating each building by 

breaking down their energy uses by heating, cooling, lighting, and equipment operation. 

These values are only estimates, however they are fairly accurate when referenced back 

to the owner surveys and the utility bills. The following information has been derived from 

the simulation reports to better articulate the energy use by this medical building.

Upon reviewing the simulation summary page the following values were derived for this 

case study building:

Total: 621,056 KwH
Lighting: 297,892 KwH = 48.3%
Cooling 268,257 KwH = 42.9%
Heating: 54,907 KwH = 8.8%

Lighting is the largest consumer of energy by the Rancho building, however the differ

ence between lights and the cooling system was not very much. This indicates that the 

building's lighting and cooling operations are big player in the energy used by the medi

cal facility. Thusly, modifications made to these systems would have significant effects 

on how much energy Rancho Vistoso consumes and pays.

Fig. 4.16
Performance Summary

- 100

ConsumptionLoads

w
tifj"oO

One of the most useful results from

the Energy-10 software was the 

building's performance summary 

chart which graphically illustrates the 

□  Sting electrical loads, consumption, and
1 Cooling

■  Heating costs of the four main electrical
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uses: cooling, heating, lighting, and equipment. In reviewing the Rancho Vistoso data, i1 

was evident that cooling had the largest portion of the energy load usage, 50.6 of the 

total 118.1 KBtu/sq. ft. annually. This accounts for 42% of the total electric load. Heating 

on the other hand had a very small load of only 1.9%. Lighting and equipment opera

tion made up the remaining loads.

In regard to consumption, cooling ranked as third with 22% of the annual 87.6 KBtu/sq. ft 

total. Heating was the least consuming of the four with only 2%. This translates directly 

into the annual costs of operating this facility which had a total of $2.69/sq. ft. - the 

second costliest of the three case studies. Like with consumption, cooling was the third 

largest in terms of operating expenses with a value of 56 cents or 21%. Heating was 

much less expensive being only 11 cents or 3.9%.

Fig. 4.17

facility can be. The design of the building itself has a big part in this high energy use. The 

fact that Rancho has such a large footprint with little exterior fenestration requires that 

much of the light must be generated artificially. Over 80% of the rooms inside this 

medical facility have no windows or skylights, thus requiring other means of illumination. 

Had this building been designed with more program spaces along exterior walls, then a 

reduction on artificial lighting could have been achieved. On the other hand, by 

creating a low surface to volume ratio, the building has less area to loose or gain heat to

Consumption Summary As mentioned earlier, cooling and heat

ing represent only a portion of Rancho 

Vistoso's total energy usage. The re-

Equip.

sources consumed by the building's

lighting system also has a substantially 

impact in how efficient or wasteful this
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the outside environment. The idea hear would be to compromise between these two 

values to help optimize both the thermal and lighting systems.

Equipment energy consumption is beyond the scope of this case study as medical 

equipment is a mostly standardized commodity and cannot be altered significantly by 

the building's design to improve energy performance.

Fig. 4.18 
Cost Breakdown
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A general overview of the simulation results are listed in figure 4.8 below. For a more 

detailed overview of the simulation data, consult Appendix A.

Facility Cooling Consumption Cooling Consumption Cooling Costs
Sq, Ft, KBtu/ Sq, Ft, $/Sq, Ft,

Rancho Vistoso 52,380 50.85 $ 0.56

Heating Consumption Heating Cost Total Consumption Cost/Sq. Ft.
KBtu/ Sq, Ft, KBtu/ Sq, Ft, KBtu/ Sq, Ft, $/Sq, Ft,

2.63 $ 0.11 53.48 $ 0.67

Fig. 4.8
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2.2 I no & Shannon Urgent Care

N

General Building Calculations

• Gross Floor Area: 45, 844 sq. ft.

• Net Program Area: 28,483 sq. ft. (62.0% of gross area)

• Circulation Area: 15,466 sq. ft. (33.7% of gross area)

• Mechanical/Service Area: 1895 sq. ft. (4.1% of gross area]

• Building Volume: 639,764 cu. ft.

• Exterior Surface Area: 62,722 sq.ft.

• Surface to Volume Ratio: 10.2%

• Fenestration Area: 3305 sq. ft.

• Fenestration to Floor Area: 7.2%

Electrical Usage:
- Cooling: 38.14 KBtu/S.F.
- Heating: 1.45 KBtu/S.F.

28



The Northwest Ina & Shannon Urgent Care facility is located on the southwest corner of 

I no and Shannon Roads in Tucson, Arizona. This suburban location lies in the north central 

portion of the Tucson Metro area. The site is a rhombus 4.01 acres in size. Due to its ir

regular shape, the site offers nearly equal orientation to both north/south and east/west. 

The building is located on the south-western half of the lot while surface parking is concen

trated mostly along Ina and Shannon roads along the northeast portion of the property. 

The site is gently sloping to the west with an elevation change of approximately 15 feet.

To the west is open desert allocated for future commercial development with residential 

single family residences to the south. Additional residential development exists on the 

east side of Shannon Road while a large commercial development lies on the north side 

of Ina Road.

The building itself is a 43,844 sq. ft. two story, steel frame structure with a masonry exterior 

walls and a standing seam hip metal roof. The overall dimension of the structure is 235 

feet (east to west) by 153 feet (south to north). The building's form is two separate rectan

gular elements oriented east to west with a connector attaching the two. The resulting "H- 

shape" provides for a courtyard space between the two major building elements. The 

roof is a low pitch of 2.25:12 with overhangs extending 4 feet beyond the exterior walls. 

Fenestration varies considerably with each fagade. The outside walls primarily have short, 

wide windows near ceiling height while those facing the courtyard are full height. The ex

ception is the west fagade which has no fenestration whatsoever

The exterior of the building is light grey-brown with white accent elements and the roof is c 

light copper color. Numerous palm and deciduous trees are located along the west fa

gade and in the courtyard areas. Additional trees are located along Ina road and near

29



the southeast corner of the site. The parking lot is asphalt with concrete walkways leading 

to the building.

The facility was built in 1995 as an urgent care facility and physician offices. The build

ing's primary function is medical. Currently, Northwest hospital's urgent care is located on 

the first floor of the south wing along with radiology and pediatrics. The south wing's sec

ond floor houses physical therapy. The building's north wing is reserved for private physi

cian practices on the first floor, with support services and meeting spaces on the second 

level. Both north and south wings are approximately equal in size.

In regard to the urgent care portion of this facility, the majority of the program spaces are 

built into small offices and exam rooms surrounded by a series of hallways. A long corri

dor runs along the north side of the urgent care which opens into a small waiting area. A 

central core lies to the south of the waiting area which encompasses reception, adminis

trative work areas, and a nurse's station. Exam and treatment rooms run along the exterior 

walls of the south wing. The urgent care program spaces are located on the east end of 

the south wing. Adjacent to the west is radiology followed by pediatric care which has its 

own waiting and reception areas.

30
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Fig. 5.7 - Second Floor Plan
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Fig. 5.8 - Elevations 1.) West Elevation

2.) South Elevation

4.) East Elevation



The I no & Shannon Urgent Care facility has a number of positive and negative aspects with 

regard to its energy consumption and its design with respect to the local climate. In terms of 

site, this case study is the only one located in a suburban environment. This has the 

advantage of a limited heat island that may 

influence the thermal performance of the 

building. The site's northwest location in the 

Tucson metro area provides for moderate night 

cooling and reflective heat during the day due 

to a limited amount of paved surfaces 

surrounding the site as compared with a dense 

urban setting.

In regard to the built structure, the Ina & Shannon building consists of two long rectangular 

elements with their long axis in the east-west direction. There is also a small connector that 

attaches both wings together and serves as the main entrance to the facility. The resulting 

form is an H-shape. This provides a rather large surface to area ratio, increasing the building's 

exposure to the outside environment. The building's orientation is in 

the east west direction which helps take advantage of the beneficial 

southern exposure while reducing the impact of late day sun on the 

west fagade.

Insulation provisions in this facility are of high quality throughout.

Exterior walls consist of an outer and inner layer separated by a one 

inch air space. The outer section is made up of an exterior 8" split- 

face CMU while the inner layer is a metal stud frame assembly in filled with 3.5" thick fiberglass 

insulation, The overall R-value of this assembly is quite high compared to that of a standard

ig. 5.1 C
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office facility with just a CMU wall. This reduces the amount of heat transfer between interior 

and exterior spaces. The roof assembly is a metal hip roof with an unconditioned attic 

space. The separation between the attic and conditioned space is a R-30 batten insulation 

which provides adequate thermal resistance. The floor is a concrete slab with no visible 

perimeter insulation according to the construction documents. No site verification was 

possible for this report.

Shading is the area in which the Ina &

Shannon facility exhibits the greatest 

evidence of sustainable design practices by 

the architect. The hip roof extends out 5 feet 

beyond the exterior walls providing a large 

shaded area for most of the building's windows and part of the exterior walls. In fact, during 

the summer months, these overhangs protect more than 60% of all exterior wall surfaces -  

both fenestration and solid wall. The downside to these deep overhangs occurs during the 

winter months. The windows on this building are placed right underneath the roof and many 

are less than 18" tall. Therefore, the winter sun is unable to get underneath this deep roof

overhang to strike the glass surface 

helping to the heat the spaces. In 

terms of vertical shading, the building's 

projected columns on the exterior walls 

help to block some of the sun in the 

early and late summer days from 

striking the north windows. The deep mullions of the windows systems further enhance vertica 

shading capability. Between the two parallel wings of the Ina & Shannon building is a 

courtyard space with many large trees. This vegetation helps to shade almost 40% of the
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building's exterior. In addition several large trees have been planted on the western fagade 

of the building to assist in reducing the amount of direct sunlight that hits this portion of the 

facility.

Like with shading, the designers of 

this facility strived to alter the size, 

type, or amount of window surfaces 

based on the different orientation of 

the facades. The east and west 

walls have very little glazing and what 

little exists is carefully placed under the shaded area of the roof overhangs. The north wall 

offers a much more generous window area in the form of curtain walls that span both floors. 

The south fagade has a moderate amount of glazing that again is mostly placed 

underneath the roof overhangs along the second floor. This helps to illustrate the architect's 

intent to treat each side of the building carefully by how they interact with the sun. Some 

user interviews revealed that some program spaces along exterior portions of the building 

were too bright due to the large amount of glazing surfaces in these areas. Additional 

windows blinds have been installed recently to assist with this problem and have helped to 

reduce complaints.

The use of earth tone colors both on 

the exterior walls and roof helps 

reduce the solar absorptivity of the 

medical facility by comparison to 

darker surfaces. Much of the exterior 

walls are light brown with small
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portions of white brick os accent elements. Fenestration includes a clear tint, low-E glazing 

which help reflect heat from sunlight so as not to increase internal heat gains. The roof is a 

metallic copper color which helps reflect much of the solar radiation away from the building.

In terms of ventilation, the building's air is actively heated and cooled. Practically no natural 

ventilation is used in this facility since none of the windows are operable. Air is circulated via 

diffusers with a return plenum above the ceiling. This lack of natural air circulation is rather 

unfortunate since the building's short north-south dimension relative to it's east-west axis woulc 

be very conducive to allowing natural breezes to pass through the interior spaces. This is one 

area of potential that was not realized in the building's design.

As described earlier, the Ina & Shannon center is a steel frame

building with a CMU curtain wall along the exterior. The roof is 

a metal attic-truss system with a bronze-aluminum roof

aluminum frames (no thermal break). The interior is furred out 

along the exterior walls with metal studs in filled with insulation 

and a drywall finish -  this is true for the interior partitions as well. 

Floors are vinyl on top of a six inch concrete slab, some areas 

have a carpet for acoustical and aesthetic purposes. Ceiling 

is finished with a suspended acoustical tile ceiling with

membrane. Windows are double glazed, low-E with

fluorescent fixtures integrated into the tile pattern. All doors are 

hollow metal with some exterior doors being mostly glass

integrated in the storefront window system.
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To fuel this large medical center, a central HVAC system is used. The building has gas and 

electric service to heat and cool the facility. A central chiller with exterior cooling tower feed; 

cold water to the main air handling unit as well as to the individual variable-air-volume (VAV) 

boxes located throughout the building. A similar system is in place for hot water which is

heated by a central boiler unit. Large 

pumps push the cooled or heated water 

to the air handlers which pre-condition 

the air and send it into the supply 

plenum within the ceiling above the 

interior spaces. This pre-set air is then 

tunneled into VAV boxes which are 

located throughout the building to bring 

the delivered air to the appropriate 

temperature for a given room. Each room in this facility has its own thermostat provided a 

very flexible air delivery that accommodates any occupants preference. The system is quite

modern since the building is only eight years old. It has a comparable rating of a SEER-14.
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Upon reviewing the data generated by the Energy-10 computer simulation, a great deal 

of could be deduced to complement utility information given by the owners of the three 

medical facilities. Energy-10 was particularly helpful in disseminating each building by 

breaking down their energy uses by heating, cooling, lighting, and equipment operation. 

These values are only estimates, however they are fairly accurate when referenced back 

to the owner surveys and the utility bills. The following information has been derived from 

the simulation reports to better articulate the energy use by this medical building.

Upon reviewing the simulation summary page the following values were derived for this 

case study building:

Total: 467,402 KwH
Lighting: 271,461 KwH = 58.0%
Cooling 181,586 KwH = 38.9%
Heating: 14,355 KwH = 3.1%

Lighting is the largest consumer of energy by the Ina & Shannon building, the difference 

between lights and the cooling system was higher than in the Rancho Vistoso case study.

As with the previous building, the performance summary chart was of great importance

Fig. 5.17
Performance Summary

m 50

in illustrating the electrical loads, 

consumption, and costs of the four 

main electrical uses: cooling, 

heating, lighting, and equipment.

In reviewing the Ina & Shannon

□  other data, it was evident that cooling
□  Lighting

■  Heating had the largest portion of the en
o

Loads Consumption Cost
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ergy load usage, 55.2 of the total 114.4 KBtu/sq. ft. annually. This accounts for 48% of 

the total electric load, a value 6% higher than at Rancho Vistoso. Heating on the other 

hand had a very small load of only 0.7%. Lighting and equipment operation made up 

the remaining loads.

In regard to consumption, cooling ranked as third with 18% of the annual 72.7 KBtu/sq. ft 

total. This shows how cooling was less energy consuming that in the previous building. 

Heating was the smallest of the four with only 2%. This translates directly into the annual 

costs of operating this facility which had a total of $2.15/sq. ft. - the least expensive of the 

three case studies. Like with consumption, cooling was the third largest in terms of oper

ating expenses with a value of 42 cents or 20%. Heating was much less expensive being 

only 3%.

As mentioned earlier, cooling and heating 

Equip. represent only a portion of Ina & Shan

non's total energy usage. The resources 

consumed by the building's lighting sys

tem also has a substantially impact in how 

efficient or wasteful this facility can be.

The design of the building itself has a big part in this high energy use. The fact that Ina & 

Shannon has such a large footprint with a small exterior fenestration percentage requires 

that much of the light must be generated artificially. Unlike Rancho Vistoso where 80% of 

the rooms inside this medical facility have no windows or skylights, this building had a

Fig. 5.18
Consumption Summary
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greater percentage of rooms with windows, however these windows were very small and 

provided insufficient light to allow the artificial fixtures to be turned off. Areas where day

lighting did prove helpful included the corridors that ran along the exterior courtyard and 

the waiting areas.

09

08

0.7

Fig. 5.19 
Cost Breakdowr
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A general overview of the simulation results are listed in figure 5.9 below. For a more 

detailed overview of the simulation data, consult Appendix A.

Facility Cooling Consumption Cooling Consumption Cooling Costs
Sq, Ft, KBtu/ Sq, Ft, $/ Sq, Ft,

Ina & Shannon 45,844 38.14 $ 0.42

Heating Consumption Heating Cost Total Consumption Cost/Sq. Ft.
KBtu/ Sq, Ft, KBtu/ Sq, Ft, KBtu/ Sq, Ft, $/ Sq, Ft,

1.45 $ 0.07 39.59 $ 0.49

Fig. 5.20
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2.3 Urgent Care Associates

N

Fig. 6.0

General Building Calculations

• Gross Floor Area: 14, 530 sq. ft.

• Net Program Area: 11,602 sq. ft. (78.5% of gross area)

• Circulation Area: 2,605 sq. ft. (18% of gross area)

• Mechanical/Service Area: 387 sq. ft. [2.6% of gross area]

• Building Volume: 232,480 cu. ft.

• Exterior Surface Area: 36,612 sq.ft.

• Surface to Volume Ratio: 15.8%

• Fenestration Area: 760 sq. ft.

• Fenestration to Floor Area: 5.2%

Electrical Usage:
- Cooling: 75.37 KBtu/S.F.
- Heating: 3.03 KBtu/S.F.
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The Urgent Care Associates facility is located on the southeast corner of Country Club Road 

and Bellevue Street one block north of Speedway Blvd. in Tucson, Arizona. This dense urban 

location lies near the geographic center of the Tucson Metro area. The site itself is rectangu

lar in shape and 0.93 acres in size. It is oriented such that its longer dimension runs east-west 

with the building located on the western third of lot along Country Club Road. Surface parking 

and a service area lie on the remaining lot space to the east. The site is virtually flat with no 

significant elevation change across the property. The site is surrounded by single story com

mercial development on the north, west, and east sides. Three residential dwellings exist to 

the east of the property.

The building itself is a 14,530 sq. ft. single story, masonry block structure with a flat built-up 

roof. The overall dimension of the structure is 92 feet (south and north) by 144 feet (east and 

west). The building was originally designed to accommodate a second story, but those plans 

have never been realized. The building is rectangular in shape with its long axis running north 

to south leaving a long east and west fagade for street exposure. A small extension of the 

waiting area extends out to the east. Fenestration consists of large glass windows allowing 

light to penetrate into the waiting and office areas. Most exterior glazing is along the west one 

east facades. Some glass surfaces also exist on the northwest comer of the building.

The exterior of the building is light reddish-brown with white accent elements. The roof is of 

light color and there are numerous deciduous trees along the west, north sides of the facility. 

Additional trees are located along Bellevue Street on the north edge of the property and in 

traffic islands in the parking lot. The vehicular lot is asphalt with concrete walkways leading to 

the building.
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The facility was built in 1984 as an urgent care facility. The building's primary function was 

medical. Since 2002, the facility has had some programmatic alterations. Currently, a 

charter school occupies 25% of the building's southwestern portion. These spaces previously 

housed open medical labs and storage space. These areas are now used as classrooms 

and teaching spaces. The northern 15% of the facility houses offices for physician private 

practice. These offices have been in continuous existence and are related to the urgent care 

which occupies the remaining 60% of the building.

In regard to the medical aspects of this facility, the majority of the program spaces are built 

into small offices and exam rooms. A large open waiting room exists on the east side of the 

urgent care along with a reception desk and small administrative area. To the west of the 

waiting and reception space is a circular hallway that runs around a central core. This inner 

space consists of a radiology unit, dark room, x-ray area, mechanical rooms, and nurses 

station. On the outside ring of the corridor are exam rooms, MD offices and a triage area. To 

the south of the waiting room is a large open room which houses the medical records and 

open offices of the facility's administration. A storage room, lounge, and break room also are 

found in this part of the building.

The charter school is made up of mostly large open spaces for instructional purposes. The 

private physician offices consist of small offices that run along both sides of a linear hallway 

running east to west.
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The Urgent Core Associates facility has a number of positive and negative aspects with regarc 

to its energy consumption and its design with respect to the local climate. In terms of site, this 

case study is the only one located in a dense urban environment. This site has the 

disadvantage of having a strong heat island effect 

caused by the large number of surrounding paved 

surfaces and surrounding thermal mass. The site's 

central location in the Tucson metro area provides 

for reduced night cooling and high reflective heat 

during the day.

In regard to the built structure, the Urgent Care Associates building consists of a large 

rectangular form with its long axis in the north-south direction. This shape provides a rather 

small surface to area ratio, reducing the amount of the building's interior that is exposed to 

the outside environment. The building's orientation is in the north south direction which fails to 

take advantage of the beneficial southern exposure by increasing the impact of late day sun 

on the west fagade.

MflT'WST'M
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Insulation provisions in this facility are of average quality 

throughout. Exterior walls consist of an outer and inner 

layer separated by a one inch air space. The outer 

section is made up of an exterior 4" brick layer while the 

inner portion is a metal stud assembly in filled with 3.5" 

thick fiberglass insulation. The overall R-value of this assembly is slightly better than that of a 

standard office facility with just a CMU wall. This reduces the amount of heat transfer between 

interior and exterior spaces. The roof assembly is a flat roof with an R-30 batten insulation 

which provides adequate thermal resistance. The floor is a concrete slab with no visible
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perimeter insulation according to the construc

tion documents. No site verification was possible 

for this report.

Shading is the area in which the Urgent Care As

sociates facility performs the poorest with regard 

to the standard criteria of evaluating a building's energy efficiency. With the exception of the 

covered entry porticos, all exterior fenestration, wall surfaces, and doorways are completely 

exposed to the sun. All windows are inset by only 2" which provides virtually no shading po

tential for any fagade. Furthermore, each side of the building seems to be treated without 

any effort to respond to the four different facades and their equally different shading require

ments. The result is maximum solar penetration of the exterior envelope at all times during 

the year. This may prove helpful in the winter months, but is very counterproductive in the 

summer time. Ideally, the southern fagade would have horizontal shading devices that

would be designed to block high summer sun 

from striking the glazing. This would reduce the 

internal heat gains in the summer thus reducing 

the cooling loads of the conditioned spaces.

At the same time, these horizontal shaders 

would allow lower winter sun to penetrate 

through the windows helping to the heat the space in the summer, reducing the heating 

load during these cooler months. On the west and north facades, vertical shading would 

prove useful by blocking the late day northerly summer sun from overheating these areas 

while allowing the late day winter sun which strikes these areas form a more southerly direc 

tion to reflect off these surfaces into the interior program areas. Unfortunately no such design 

attempt was made to take advantage of these energy saving opportunities. Due to the age 

of this facility, the site does offer several mature trees particularly on the west and east
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fagade. This natural vegetation helps to reduce the intense western sun from directly striking 

the building by providing some protection of the exterior surface.

Like with shading, the designers of this facility did 

not investigate the alteration of size, type, or 

amount of window surfaces based on the different 

orientation of the facades. The west fagade has 

the most glazing surface area, actually more than 

all the other elevations combined, the worst 

possible place to put fenestration on this building. Conversely, the south wall which has the 

most potential for solar gain has no windows whatsoever. The east and north facades have 

some glazing surfaces, but they are rather limited.

9 ft. program area

The use of earth tone colors both on
;=s.r«

_ the exterior walls and roof helps 

ip p  reduce the solar absorptivity of the

medical facility by comparison to

— darker surfaces. Much of the exterior

Fig. 6.13
walls are a light reddish-brown with 

small portions of white brick as 

accent elements. Fenestration includes a clear tint, double pane, low-E windows which help 

reflect sunlight to help reduce internal heat gains. The roof is a light grey flat deck system

which helps to reduce the solar absorptivity of this large surface area.

In terms of ventilation, the building's air is actively heated and cooled. Practically no natural 

ventilation is used in this facility since none of the windows are operable. Air is circulated via 

ceiling mounted diffusers with a return plenum above the ceiling. Some areas have small
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personal fans for additional air circulation. Even if the exterior were operable to allow for 

natural air to enter, the shear size of the building and square-rectangular footprint would not 

be conducive for natural air flow. The largest complaint by the user during site interviews wa 

the inconsistency of temperatures across the building. Some areas were quite cold while 

others were very warm. Most of the warmer spaces were along the west and north edges of 

the facility. Part of this problem is due to the poor HVAC control system which does not offer 

individual temperature control for each room.
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As described earlier, the Urgent Care Associates medical 

center is a steel frame building with a brick exterior veneer.

The roof is a metal deck with a built-up asphalt membrane.

Windows are double glazed, low-E with aluminum frames 

(no thermal break). The interior is furred out along the exte

rior walls with metal studs in filled with fiberglass insulation 

and a drywall finish -  this is true for the interior partitions as 

well. Floors are mostly vinyl on top of a four inch concrete 

slab. Ceiling is finished with a suspended acoustical tile 

ceiling with fluorescent fixtures integrated into the tile pat

tern. All doors are hollow metal with some exterior doors 

being mostly glass integrated in the storefront window 

system.

To fuel this mid-size medical center, a central HVAC system is used. The building has no gas 

service and relies entirely on electrical heating and cooling to maintain thermal comfort 

levels. A central chiller with exterior cooling tower feeds cold water to the main air handling. 

To assist in reducing the cooling loads, water is recycled across the cooling tower to pre-coc 

the water. Large branching ducts then take the conditioned air from the AHU to the individ

ual ceiling diffusers. A similar system is in place for hot water which is heated by a central

Fig. 6.14

water heater. The system is nearly 20 years old and has a comparable rating of a SEER-8.
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Upon reviewing the data generated by the Energy-10 computer simulation, a great deal 

of could be deduced to complement utility information given by the owners of the three 

medical facilities. Energy-10 was particularly helpful in disseminating each building by 

breaking down their energy uses by heating, cooling, lighting, and equipment operation. 

These values are only estimates, however they are fairly accurate when referenced back 

to the owner surveys and the utility bills. The following information has been derived from 

the simulation reports to better articulate the energy use by this medical building.

Upon reviewing the simulation summary page the following values were derived for this 

case study building:

Total: 221,984 KwH
Cooling: 114,815 KwH = 51.7%
Lighting 93,871 KwH = 42.3%
Heating: 13,298 KwH = 6.0%

Unlike the two other case studies, lighting was not the largest consumer of energy by the 

Urgent Care building. Instead, cooling was the greatest consumer using more than half 

of the building's total electricity. Lighting was still a large usage of electricity but not the 

most like the other two facilities.

Fig. 6.15
Performance Summary

As with the previous two buildings, 

the performance summary chart 

was of great importance in 

illustrating the electrical loads, 

consumption, and costs of the□  Other
□  Lighting
□  Cooling four main electrical uses: 
■  Heating
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cooling, heating, lighting, and equipment. In reviewing the Urgent Care Associates data, 

it was evident that cooling had the largest portion of the energy load, 65.4 of the total 

138.9 KBtu/sq. ft. annually. This accounts for 47% of the total electric load, a value 5% 

higher than at Rancho Vistoso, yet slightly less than the Ina & Shannon building. Heating 

on the other hand had a very small load of only 1.8%. Lighting and equipment opera

tion made up the remaining loads. In terms of total load per square foot, this case study 

had the highest KwH/sq. ft.

In regard to consumption, cooling ranked second with 27% of the annual 101.0 KBtu/sq. 

ft total. This is the only facility in which cooling exceeded lighting in terms of energy 

consumption. Also the consumption per square foot was highest for this building.

Heating was the smallest of the four with only 3%, but yet the highest percentage of all 

three case studies. This translates directly into the annual costs of operating this facility 

which had a total of $3.11/sq. ft. - the most expensive of the three medical buildings.

Like with consumption, cooling was the second largest in terms of operating expenses 

with a value of 83 cents or 27%. Heating was much less expensive being only 3%.

Fig. 6.16
Consumption Summary Equip. As mentioned earlier, cooling and heating 

represent only a portion of the Urgent Care 

Associates' total energy usage. The 

resources consumed by the building's 

lighting system also has a substantially 

impact in how efficient or wasteful this
Healing "  Coding "  Lights

facility can be. The design of the building itself has a big part in this high energy use. The 

fact that this facility has such a large footprint by comparison to its exterior perimeter
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along with a small exterior fenestration percentage, it requires that much of the light musl 

be generated artificially. Over 80% of the rooms inside this medical facility have no win

dows or skylights. Areas where daylighting did prove helpful was seen in some of the 

doctor's offices and in the waiting area.
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Heating1 Cooling” Fan

Fig. 6.1? 
Cost Breakdown
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A general overview of the simulation results are listed in figure 6.8 below. For a more 

detailed overview of the simulation data, consult Appendix A.

Facility Cooling Consumption Cooling Consumption Cooling Costs
Sq, Ft, KBtu/ Sq, Ft, $/ Sq, Ft,

Urgent Care Assoc. 14,530 75.37 $ 0.83

Heating Consumption Heating Cost Total Consumption Cost/Sq. Ft.
KBtu/ Sq, Ft, KBtu/ Sq, Ft, KBtu/ Sq, Ft, $/ Sq, Ft,

3.03 $ 0.09 78.40 $ 0.92

Fig. 6.18

59



Section 3 - Design Development

In this section the author will begin by selecting a 
site for the proposed medical facility which will 
undergo a detailed analysis. Following this 
process, the program and design of the medical 
building will be developed and carried through 
complete design documents including all 
pertinent details. This section of the report is 
divided into six sub-section as listed below:

s

3.1 Site Analysis Pg. 60
3.2 Program Development Pg- 72
3.3 Schematic Design Pg. 86
3.4 Design Drawings Pg. 100
3.5 Design Renderings Pg. 121
3.6 Design Details Pg. 127

Following design development, the author will 
begin a series of simulation tests to gauge the 
performance of the design.

-

A Climate Responsiv 
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Site Information
519 E. Prince Rood

Below is a listing of some of the site's existing information as well as some aspects which
will impact the development of the outpatient facility. They are as follows:

• Site Measures 3.9 Acres in size (combining all parcels listed below)

• The shape is predominately rectangular oriented east to west

• Site has largest frontage exposed towards the south (585 feet along Prince Road)

• Lies at the intersection of two major streets (Prince Road and First Avenue)

• Site is currently zoned C-2 for commercial and medical use (non-hospital)

• Site is adjacent to single family residential dwellings to the northwest, a tire repair 
shop to the northeast, a shopping plaza to the east across First Avenue, and two 
apartment complexes one to the south across Prince Road and the other west 
across Los Altos Avenue

• Topography of the site is virtually flat with only a two foot grade change from 2348 ft. 
on the east side to 2346 ft. on the west

• Little to no vegetation currently exists on the site. The only exceptions are two 
mature Mexican Mesquite trees along Los Altos Avenue and three Palo Verdes and 
one date palm along First Avenue. There is a large outcrop of evergreens along the 
south side of Prince Road which provides some shade during the winter months

I

G

A
x.___

B
F

Prince Rd.

Fig. 7.1

i Parcel A - 106-01-216a - National Self Storage 
Parcel B - 106-01-229b - National Self Storage 
Easement C - l06-0l-230d - Clearchannel Comm. 
Parcel D - 106-01-230b - Aufmuth Auto Sales 
Easement E - 106-01-230c - Clearchannel Comm. 
Parcel F - l06-0l-229d - Aufmuth Auto Sales 
Parcel G - l06-0l-229f - Aufmuth Auto Sales
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Site Information
519 E. Prince Road

In addition to the geographic information, the site has several man-made structures
which will need to be either removed or altered to suit the needs of the proposed
medical building. They are listed as follows:

• Presently the site has two uses: a self storage facility and a used car dealership

• The self storage facility consists of 11 low rise buildings 12 feet high, 175 feet long, 
and 20 feet wide; all of which are oriented north to south

• These 11 buildings are block construction (beige color) with standing seam metal 
roofs (dark red color)

• The ground treatment around these storage buildings is mostly asphalt paving with a 
concrete pedestrian sidewalk that runs along Prince Road on the south edge of the 
property

• The car dealership consists primarily of a large asphalt parking lot with a mobile 
office building oriented north to south near the middle of Parcel F as shown in Fig. 
7.1. In addition, a small utility shed (30 feet x 15 feet) sits on the southwest corner of 
parcel G

• Two large advertising billboard exists near the intersection of First and Prince, one on 
each of the two easements shown on the parcel plan

• Prior to these use groups, this site used to have a small grocery store on the south
east corner with a trailer complex on the west end of the property. The owners sold 
the site in 1982 after which time the current owners purchased their respective 
parcels and built the current buildings. No prior information about this site could be 
found
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Site Photographs
519 E. Prince Road
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Fig. 7.6 - Site Photo 4



Site Photographs
519 E. Prince Road

Fig. 7.7 - Site Photo 5

Fig. 7.9 - Site Photo 7

Fig. 7.10 - Site Photo 8
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Prince Rd. Fig. 7.11 - Site Photo 9
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Site Photographs
519 E. Prince Rood

Fig. 7.12 - Site Photo 10

Fig. 7.14 - Site Photo 12
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Site Diagrams
519 E. Prince Rood
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Site Diagrams
519 E. Prince Road
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Site Diagrams
519 E. Prince Road
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Site Diagrams
519 E. Prince Road

Fig. 7.22
Existing Neighborhoods

Tire Repair StonComplj

E7;r Storage cac/7

Prince Rd.

Apartment Complex
Office

Fig. 7.23 ------Site boundary
Existing Land Uses

69



Siteplcm Rendering
519 E. Prince Road

■ -  Outline of site
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Perspective Site Rendering
519 E. Prince Road

Fig. 7.25 - Site Isometric Perspective
Scale:NTS
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Program Development

While the design of the proposed medical facility will be driven by two 
primary forces: 1.) Sustainable design strategies and 2.) A functional medical 
program. The following are additional recommendations derived from the case 
studies. In regard to the program, several similar design layouts were obvious in all 
three of the medical facilities studied earlier. These design ideas will be incorpo
rated into the design development of the proposed medical project:

1. ) All three case buildings are divided into three primary spaces: clinic and lab,
tenant physician offices, and administrative services.

2. ) Each medical facility had a central administrative area that is accessible from
all the other program areas

3. ) All three facilities have an urgent care which is supported by adjacent clinic and
lab areas.

4. ) Each facility has a large portion of the building reserved for leasing private
physician offices which support the clinic and lab elements of the outpatient 
center.

5. ) The means of circulation and entry to these three case studies vary between
each one. The Ina & Shannon building has a central entry and two primary 
circulation corridors which branch out from this main access point. The Rancho 
Vistoso center has dedicated entries for each program space all around the 
building. Both of these ideas have their benefits to improving user accessibility 
throughout the facility, and will both be incorporated into the proposed design.

6. ) The Ina & Shannon facility and to a lesser extent the Urgent Care Associates
building utilize a series of outdoor courtyard spaces that form a thermal and 
visual buffer between the interior program areas and the exposed outdoor 
environment.

7. ) Each facility utilizes parking in different ways relative to the various patient
services that the building provides. The Rancho facility compartmentalizes the 
parking around the building to keep patients as close to their desired clinic as 
possible. The Ina & Shannon along with the Urgent Care Associates buildings 
pool all their parking into one large area to assist in patients using a central entry 
point. The proposed design will attempt to utilize both systems in such a way 
that keeps entry points clear while reducing the required travel distance 
between a patient's car and their final destination within the facility.

As shown in the following pages, a series of diagrams and study models will 
be developed to assist in graphically tying together the concepts listed above as 
well as other site and energy constraints as will be apparent.
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Sustainable Design Strategies

In regard to the energy portion of program development, a series of design
parameters would need to be in place to keep the proposed outpatient center fo
cused on the sustainable issues which one of two core focus areas driving the de
velopment of this design.

Building Orientation/Shading

• Provide maximum southern exposure to take advantage of this most beneficial 
fagade.

• Block the intense, high summer sun while allowing the maximum influx of weaker, 
low winter sun through the use of horizontal overhangs on the building's south 
fagade.

• Provide vertical shading devices on the north facades to reduce the influx of 
early and late day summer sun.

• Minimize building's western exposure to reduce heat gain in the summer.

• Building will be staggered in height to give the most southern exposure possible 
to all program areas both on the south and north sides of the facility

• Provide wing walls along the building's exterior to block high western, afternoon 
sun in the summer, but reflect more southerly afternoon sun during the winter 
months.

• Provide a double roof system in which one roof shell will act as a protective 
cover to building against the sun, while the other acts a moisture and insulative 
layer

• Provide courtyards and garden spaces which will take maximum benefit of the 
aforementioned orientations.

Passive Cooling/Heating

• Provide cool towers for exterior garden and courtyard spaces and lower the 
elevation of these outdoor areas to optimize tower effectiveness (cool pits).

• Building will be stretched in the east/west direction to promote north/south 
ventilation through narrow n/s cross section

• Operable windows on each side of the building to assist in cross ventilation

• Operable plenum above the conditioned space to provide an open path for 
cross ventilation -  can be opened or closed as the seasons change

• Use of heavy masonry walls insulated on the exterior and left exposed to the 
inside program spaces to take advantage of thermal heat storage capability
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Sustainable Design Strategies

• Extensive passive ventilation system for summer night ventilation of thermal mass 
structure. This will be provided using operable windows and a louvered 
mechanical plenum above the program spaces separated only by a thin 
suspended ceiling system.

• Position exterior paved surfaces away from the building to prevent reflection of 
heat into the space during the summer high sun angles, while allowing light and 
heat to be reflected into the space with lower winter sun.

Daylighting

• Utilization of light shelves to increase in the infiltration of natural daylighting while 
reducing solar glare

• Rooms will be configured in relation to ceiling/window size and height relative to 
their depth to ensure optimal daylight penetration into the space

• Use of clearstory windows where appropriate to increase natural light in the 
central portions of the building

• Masonry wing walls with openings at key points to provide influx of daylight while 
blocking much of the solar heat gain

• Use of a central atrium corridor to promote daylighting in the center of the 
building

Active Solar/Heating/Cooling Techniques

• The curved canopy roof system will be built with integrated photovoltaic panels 
spanning between the structural roof support beams.

• Solar water heaters will be incorporated into the canopy roof system using the 
same module size as the PV panels. They may be added in certain spaces in 
lieu of PV - street appearance will be similar to the PV areas.

Additional Strategies

• All building materials will be of light color to reduce heat absorption onto the 
structure. Some areas will be treated with a reflective material where specific 
solar reflection is desired
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Sustainable Design Strategies

• All rainwater and other "gray water will be reclaimed for irrigation and 
other similar uses

• All windows, doors, curtain walls, and other fenestrations will be double 
glazed with inert gas fill between panes.

• Evergreen trees will be planted along the east and west facades to help 
block intense morning and afternoon sun year round while deciduous 
trees will line the southern side to provide shading during the summer 
months and allow the sun to strike the south wall during the winter.

• All parking surfaces will be built of permeable materials such as tar-gravel 
mix to allow run off water to percolate down into the soil and recharge the 
natural aquifers.

In the development of this design project, an attempt will be made to 
parallel the programming and design efforts to follow the guidelines set forth 
by the United States Green Building Council's LEED program. LEED is an 
acronym for Leadership in Energy Efficient Design and has been used to 
evaluate the environmental and health levels of many commercial, 
institutional, and industrial projects all across the United States.

In keeping with the goal of this design research, LEED provides a 
framework which can direct the climatic and environmental stewardship this 
design project is attempting to foster. In doing so, the designer will be using 
the LEED guidelines and criteria as another programming tool through which 
the design of this outpatient medical facility will develop.

In evaluating the environmental qualities of a building, LEED has 
developed 69 areas of focus which are grouped into six categories when 
evaluating the design and operation of a given facility. These green building 
divisions are listed below:

• Sustainable sites - whereby appropriate site selection is taken into 
account

• Water efficiency - in which efficient water use, reclamation and site run 
off are considered

• Energy and atmosphere - whereby building emissions and measure
ments are implemented as well as the use of "green" energy sources
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Sustainable Design Strategies

• Materials and resources - dealing with reusable building materials, limited 
construction waste, low volatile compounds, regional material supply, and 
certified building materials.

• Indoor environmental quality - in which the indoor air quality, daylighting, 
views, thermal comfort, and low-emissive materials are evaluated

• Innovation and design process - whereby the resourcefulness and 
creativity of the designer are investigated as well as the collaboration and 
partnership throughout the programming, design, and construction phase.

A checklist developed by the US Green Building Council which lists all 69 
project criteria and their respective groupings is located in Appendix D for 
additional reference. It outlines the LEED program and specific requirements 
relevant to this design proposal.
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Program Development
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Table 8.1—Square Footage Approximations

Pod A: Administrative Pod 3,900 Sq. Ft.

B 6 | < *  |m . ( n r |  m

s

I
'nT m  z x  |< | a t  1 m  1 m  1 w Pod B: Urgent Care Pod 4,600 Sq. Ft.

Pod C: Special Clinic Pod 3,800 Sq. Ft.

* * -I I w -
* R

w
•

Pod D: Radiology Pod 5,200 Sq. Ft.

Pod E: Mammography Pod 1,200 Sq. Ft.

Pod F-K: Private Practice Pods - (6) (2,100 Sq. Ft.) 12,600 Sq. Ft.

Total Program Area:
Main Circulation (7% of Program Area): 

Mechanical Space (3% of Program Area):

31,300 Sq. Ft.
2,200 Sq. Ft. 

950 Sa. Ft.

Approximate Gross Area: 34,450 Sq. Ft.
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Program Development
Fig. 8.2 - Site Grouping Diagram
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. 8.4 - Site Function D
iagram

00o

E1

Parking
Outdoor

GardenPark Area

Admin.
ServicesSpecial

Clinic
OutdoorOutdoor

Parking CourtyardRadiology/
Lab

Urgent
Care

P
rogram

 D
evelo

p
m

en
t



Program Site Plan
519 E. Prince Road

NORTH
Fig. 8.5 - Program Site Plan

Scale: 1" = 100‘-0"

Outline of site

Buildings on neighboring properties
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Program Site Circulation Plan
519 E. Prince Road
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Program Development
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Design Introduction

With the parameters set forth in the program development, the design can 
begin to take form with greater detail. Since many of the energy strategies outlines 
earlier along with the program requirements help education the development of 
the plan, little has yet been done to establish the building's three dimensional quali
ties. To do so, the evolution of the section begins to take precedence.

One of the goals of this report as outlined earlier is to review existing medical 
design practices and offer ways of improving them for better energy and resource 
conservation. In doing so, one must look at the state of medical buildings in Tucson 
and the surrounding region.

As seen in the case studies, most facilities in this area are developed under 
the "big box" philosophy of a simple inexpensive exterior shell in filled with various 
medical functions as needed. These boxes tended to have little regard for orienta
tion, shading, insulation, and a variety of other essential criteria needed for energy 
efficiency.

Therefore, the development of this project through schematic design will be
gin to break down the "big box" approach into a more efficient means of construc
tion while keeping the programmatic requirements intact. Figures 9.1 through 9.9 
on the following pages illustrate this process
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Section Development
Xzv^ NZV

I
Fig. 9.1 - Standard commercial box building
• Limited southern exposure
• Large footprint
• Large roof
• High surface to volume ratio

s \  s ' \y \A .s

Fig. 9.2 - Staggered Building Heights
• Increases southern exposure to more program areas
• Reduces building footprint by stacking spaces in two floors
• Smaller roof area

v Z

Fig. 9.3 - Addition of Interior Windows
• Increases daylighting of interior spaces which cannot have external windows
• Provides potential for cross ventilation
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Section Development

Fig. 9,4 - Shading Canopy Roofs
• Reduces roof solar absorptivity
• Provides shading of south walls from high angle summer sun
• Allows lower, winter sun to strike the south facade

Fig. 9.5 - Articulate Shading Canopy Roof to induce natural ventilation air flow
• Creates a natural air scoop which pulls air into the south side of the roof
• Creates uplift on the north edge drawing cooler air into the roof
• Hot air is vented out the break in the middle of the roof
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Section Development

Fig. 9.6 - Addition of a  Plenum Space above the Program Areas
• Provides a path for cross ventilation to supplement the use of

operable windows in the program spaces.
• Provides more space for mechanical systems

Fig. 9.7 - Addition of Thermal Mass to the Interior Wall Surfaces and Floors
• Allows for internal heat gain, solar gain, and other heat sources to be 

absorbed into the heavy mass walls and floors during the day reducing 
cooling demands.

• Heat is released back into the space at night which can be contained 
during cool winter months or vented out during warm summer nights, 
refer to Fig. 9.6 above.
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Section Development

Fig. 9.8 - Addition of Horizontal Shaders over South Windows and
Vertical Shaders on North Faqade and PV on Canopy Roof System
• Blocks high sun angles on the south fagade while allowing lower, 

winter sun to strike the wall and glazing surfaces
• North shading reduces the early morning and late afternoon 

summer sun from overheating the north fagade.
• PV Panels placed on leading edge of curved canopy roof to 

maximize solar angles during all seasons

rjpk/\ / ^ Z N v ̂ J ^ J|/\/VytvV

Fig. 9.9 - Double Wall System Incorporated into North Shading Structure
• Creates a vertical air shaft which draws cool air in from the bottom of the 

double walls system
• Warm air rises within the wall and is vented out the open top of the system.
• A natural vacuum is created at the top of the double wall by the air flowing 

under the canopy roof system - thus drawing more cool air in from below 
and from the plenum spaces inside the building
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Sustainable Site Concepts
519 E. Prince Road

Natural Waste Water 
Treatment Area ___

Natural Waste Water 
Treatment Area ___

NORTH

South facing photovoltaic panels 
& solar water heaters

Cool Towers

Fig. 9.12 - Sustainable Site Plan

Vegetation/Tree Areas

Roof Runoff Storage Cistern

Masonry Shading Walls

Porous Parking Surfaces

Scale: 1" = 30'-0" 94



Topographic Site Plan
519 E. Prince Road

Deep Cool Pits
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Schematic Sections

A

Fig. 9.14

Fig. 9.15 - Section A-A

\

Fig. 9.16  -  Section B-B
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Section Development

Fig. 9.17 - North Wall Section
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Section Development

Fig. 9.18 - South Wall Section
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Fig. 9.19 - Building Section
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Conditioned Spaces

Administration 
Radiology 
Urgent Care 
Mammography 
Special Clinic 
Physician Office A 
Physician Office B 
Physician Office C 
Physician Office D 
Physician Office E 
Physician Office F

Conditioned Total:

Area Perimeter

3,552 Sq. Ft. 261.4 Ft.
5,537 Sq. Ft. 331.2 Ft.
4,815 Sq. Ft. 306.0 Ft.
1,872 Sq.Ft. 181.8 Ft.
3,892 Sq. Ft. n/a
2,025 Sq. Ft. 186.0 Ft.
1,960 Sq. Ft. 178.0 Ft.
2,025 Sq. Ft. 186.0 Ft.
2,025 Sq. Ft. 186.0 Ft.
1,960 Sq. Ft. 178.0 Ft.
2,025 Sq. Ft. 186.0 Ft.

31,688 Sq. Ft.

Unconditioned - Under Roof

West Sunspace
First Floor West Corridor
East Sunspace
First Floor East Corridor
Parking Entry Court
Courtyard Meeting Room

1.240 Sq.Ft.
1.240 Sq.Ft.
1.330 Sq.Ft.
1.330 Sq. Ft. 
2,714Sq. Ft. 
1,600 Sq.Ft.

Unconditioned Covered Total: 9,454 Sq. Ft. (30% of Conditioned)

Unconditioned ■ Exposed

Main Courtyard 
West Courtyard 
Administration Terrace 
Urgent Care Terrace 
Radiology Terrace

4,688 Sq. Ft.
744 Sq.Ft. 

1,076 Sq.Ft.
650 Sq.Ft. 

1,031 Sq.Ft.

Unconditioned Exposed Total: 8,189 Sq. Ft. (26% of Conditioned)

Total Unconditioned: 17,643 Sq. Ft. (56% of Conditioned)

Mechanical Spaces

First Floor - West Mechanical 
First Floor - East Mechanical 
Second Floor - West Mechanical 
Second Floor - East Mechanical

300 Sq.Ft. 
500 Sq. Ft. 
300 Sq.Ft. 
500 Sq. Ft.

Mechanical Total: 1,600 Sq. Ft. (5% of Conditioned)

B
uilding S

quare Footaaes
Fig. 10.7



Second Floor Davliahtina Plan

■  MMBm

Fig. 10.8 - Natural Ventilation Diagram Cool Tower Location 

Cool Tower Air Discharge

Cross Ventilation 

Natural Wind Pattern
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First Floor Davliahtina Plan

NORTH

Fla. 10,9 - First Floor Davliahtinq Plan
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Second Floor Davliqhtinq Plan

NORTH

Fia. 10.10 - Second Floor Davliahtina Plan
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Buildings Elevations

Fig. 10,11 - North Elevation
Scale: NTS

Fig. 10.12 - South Elevation
Scale: NTS
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FIG. 10.15 - SECTION A: SPEC. CUNIC/RADIO.

FIG. 10.17 - KEY PLAN

FIG. 10.16 - SECTION B: MD OFFICES/ADMIN.
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Sectional Ventilation Diagram

Sectional Davliqhting Diagram
Summer Sun Angle (reflected shown dashed)

◄ Vacuum Induced Air Uplift Natural Wind Pattern
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FIG. 10.19-WALLSECTION
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FIG. 10.21 - KEY PLAN
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FIG. 10.23-KEYPLAN
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FIG. 10.26 - FIRST FLOOR STRUCTURAL PLAN
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FIG. 10.27 - SECOND FLOOR STRUCTURAL PLAN
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Comprehensive Site Plan
519 E. Prince Road

NORTH Fia. 11.1 - Schematic Site Plan
Scale: 1" = 30-0"

Outline of site

Buildings on neighboring properties
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Fig. 11.3 
Northwest Perspective



Fig. 11.5
View from Intersection 
of First Ave. & Prince Rd.
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Masonry Wall Detail
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Fig. 12.1 
Masonry Wall Isometric

i

Fig. 12.2 
Opening Detail

THIHJt
Fig. 12.3 - Section A-A: 
Typical Masonry Wall

Fig. 12.4 
Masonry Wall Locations
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Cool Tower Detail
2 ft. dia. 

3-1/2 ft. high

Fig. 12.6 
Air Intake 

(Wetting Pads)

o

CM§

- 4

l
I

F/g. 12.8
Cool Tower Sketches

2 ft. dia. 
5 ft. high 

(two or 
One sided)

Fig. 12.5 
Cool Tower Detail Fig. 12.7 

Cool Air
Discharge Outlet

Fig. 12.9
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Parking Entry Detail

Fig. 12.13 
Entry Detail Sketch

Fig. 12.14 
Parking Entry Location
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South Shading Device

Curved Roof

Air Scoop Panel 
@ 36" o.c.

Horizontal 
Shading Device

Fig. 12.17
South Shading Locations 132

Fig. 12.18
South Shading Locations



South Shading Device

Fig. 12.19 
South Shading 
December 21 @ 12pm
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Fig. 12.21 
South Shading 
June 21 @ 12pm



North Shading Device

Curved Roof

Vertical Shading - 
Panel & Air Scoop

Vertical Shade--------
Support Bracket (typ.)

1 /2" Single Pane------------
Glass - Span b/w Vertical 
Shaders - Provides Passive 
Air Uplift

Typical Window—  
Unit w/ 3 operable 
Panels
(top & bottom 
awning; middle 
Casement)

Fig. 12.22 
North Shading Detail
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North Shading Device

Fig. 12.23 
North Shading 

June 21st @ 6pm

Fig. 12.24
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Canopy Roof System

-----  Curved Shading Roof
w/ PV & Solar Water Heaters 

(min. 6" above main roof)

Primary Roof System 
Structural, Insulation, and 

Waterproofing function

n l U '

X
ii n

Fig. 12.26 
Canopy Roof Assembly

Fig. 12.27
Exploded Roof Isometric

Fig. 12.28
Canopy Roof Locations 136

Fig. 12.29
Canopy Roof Locations



Fig. 12.30 
Outdoor Patio 

Looking Northeast
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Fig. 12.31 
Entry Plaza 

Looking North
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Fig. 12.32 
Central Courtyard 

Looking West
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Section 4 - Evaluation & Conclusion

In this section the author will take the design as 
developed in the previous section and test the 
proposed facility using a series of energy 
simulation programs. After a detailed results 
discussion, some general conclusions will be 
developed. This section of the report is divided 
into three sub-section as listed below:

4.7 Results Discussion Pg. 137
4.2 Case Study Com parisons Pg. 144
4.3 Conclusions Pg. 149

Following the conclusion, the author will present 
additional information concerning the 
development and testing of the design study 
which is listed in the appendices.





Results Discussion

In developing the Calpas simulation files, the building needed to be broken 

into multiple units for testing purposes. The reason behind this is in the design of the 

building's modular system. Each program area has its own dedicated mechanical 

system and each is separated from the other by a series of passively cooled and 

heated, unconditioned corridors and courtyards. This greatly simplified the simulation 

process and allows each area of the building to be reviewed individually and then 

compared to other program spaces or the entire facility as a whole.

As a result, the simulation data is broken down into seven areas:

- Physician Offices A&D which form a two story unit

- Physician Offices B&E which form a two story unit

- Physician Offices C&F which form a two story unit

- Administration wing

- Radiology wing

- Urgent Care Wing

- Special Clinic and Mammography which form a two story unit

For an single investigation of the building's total performance, these individual 

areas are combined to provide an overall performance value. These values are 

given in three forms: conditioning loads, source consumption, and operation costs.

Conditioning loads refers to the peak demand that building or its components 

will place on the utility grid at any given point during the course of a year. As can be 

expected, the cooling peak load will occur at some point during the summer 

months while the peak heating load would likewise happen in winter. The results are 

given in KBtu for ventilation, cooling, and heating.
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Results Discussion

Source consumption refers to the total energy that building requires for its use 

during an operational period, in this case one calendar year. This consumption, 

however, is not a measure of the building's use, but rather the entire electrical 

generating process which includes the creation of the electricity as well as the means 

to deliver it from the generating station to the site itself. This consumption is actually 

three times the amount of electricity consumed at site because of the loss of energy 

during production and transmission of the power. These results are given in KBtu per 

square foot. This allows for a more consistent analysis of the different components 

since they vary in size and an overall consumption rate would not be as informative. 

As with the conditioning loads, the consumption is given for all seven areas including 

building total for ventilation, cooling, and heating.

Operational costs are derived by Calpas using the total energy source 

consumption and factoring in the cost of electricity and fuel given current market 

rates. These values are presented in dollars for each program area as well as the 

overall costs for the entire facility. These figures are also provided in dollars per square 

foot for a better comparison between different program spaces.
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Results Discussion

The first Calpas simulation required the specification of all 

building components, walls, fenestrations, and any other openings in the building enve

lope. These values were derived from the floor plans, elevations, and building sched

ules as shown in the design drawings earlier in this report.

The initial program file specified the basic design areas without the use of any 

exterior insulation or the presence of the shading canopy roof. The results are listed 

below:

Design with No Insulation on outvdo of Masonry - Unshaded Roof

Condition ing Loads Source Consumption Operation Costs
Ventilation Cooling Heating Ventilation C o o in g Heating C o o in g Heating Total C o s ts /S q . Ft.

KBtu KBtu KBtu KBtu/Sq. Ft. KB tu/Sq. Ft. KBtu / Sq. Ft. $ $ $ $

Physician O ffice  A&D 52.649 112.718 3.412 1.61 20.37 1.40 $ 959.00 $ 64.00 $ 1,023.00 $ 0.5
Physician O ffice  B&E 48,540 105.124 3.675 1.66 19.62 1.56 $ 896.00 $ 69.00 $ 964.00 $ 0.5

Physician O ffice  C&F 48.303 108,723 4.593 1.54 19.64 1.89 $ 922.00 $ 86.00 $ 1.007.00 $ 0.5
Administr a lien 44.587 104.099 4.200 1.85 21.44 1.97 $ 889.00 $ 78.00 $ 967.00 $ 0.5

R a d d o g y 81.161 152.610 1,733 1.86 20.17 0.52 $ 1,310.00 $ 32.00 $ 1,342.00 $ 0.5

Urgent C a re 66,471 136.706 3.343 1.94 20.74 1.16 $ 1.175.00 $ 62.00 $ 1.237.00 $ 0.5

Special C linic &  M a m m a 49,049 178.843 27.363 1.25 22.70 7.91 $ 1.483.00 $ 91.00 $ 1.574.00 $ 0.5

Conditioned Area Totals: 389 .760 898,823 48,319 11.68 144.68 16.42 $ 7,634.00 $ 482.00 $ 8,114 .00 $ 0.2

Fig. 13.1

The second strategy called for the addition of l " rigid foam insulation to be 

applied to the exterior of the masonry building envelope. The roof system remains as 

before. The results are listed below:

Design with V  Raid Insulation on outside of Masonry - Unshaded Roof

Conditioning Loads Source Consumption Operation Costs
Ventia lion Cooling Heating Ventilation Cooling Heating C o o in g Heating Total Costs /  Sq. Ft.

KBtu KBtu KBtu KBtu/Sq. Ft. KBtu/Sq. Ft. KBtu/Sq. Ft. $ s $

Physician O ffice  A&D 56.957 106,817 1,766 1.82 19.30 0.73 $ 919.00 $ 33.00 $ 952.00 $ 0 2
Physidcr O ffice  B&E 52,614 99.688 1.778 1.78 18.59 0.76 $ 858.00 $ 33.00 $ 891.00 $ 0 2

Physkacn O ffice  C&F 49.156 100.778 2.736 1.62 18.21 1.13 $ 863.00 $ 51.00 $ 914.00 $ 0 2
Administration 47,195 100,053 2.536 1.95 20.61 1.19 $ 861.00 $ 47.00 $ 908.00 $ 0 2

Radiology 86,075 147,692 900 1.94 19.62 0.27 $ 1,276.00 $ 17.00 $ 1.293.00 $ 0 2
Utgent Care 68,986 131,882 2,015 2.03 20.04 0.70 $ 1.142.00 $ 38.00 $ 1.179.00 $ 0 2

Special C linic &  M am  m o 63,630 157.553 7,731 1.62 20.00 2.24 $ 1.332.00 $ 144.00 $ 1.477.00 $ 0 2

C ondtioned Area Totals: 424,613 844,363 19,462 12.66 136.26 7.00 $ 7,251.00 $ 363.00 $ 7,614.00 $ 0.2

Improvement over No Insul wf Unshaded Roof $ (383.00) $ (119.00) $ (600.00) $ (0.0.

Fig. 13.2
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Results Discussion

The third strategy involved adding two inches of rigid insulation to the existing 1" 

giving a total of 3" or rigid foam insulation to exterior of the building envelope. The 

building still has a conventional built up roof system with no shading canopy. The 

results are as listed:

Design with 3* Mend Insulation on outside of Masonry - Unshaded Root

Conditioning Loads Source Consumption Operation Costs
Ventlation C o d in g Heating Ventlation C o o in g Heating C o o in g Heating Total C osts /S q . Ft.

KBIu KBtu KBtu KBtu/Sq. Ft. KB tu/Sq. Ft. KBtu/Sq. Ft. $ $ $ $

Physician O ffice  A&D 61.768 101.840 847 1.94 18.39 0.35 $ 885.00 $ 16.00 $ 901.00 $ 0 2
Physidcn O ffice  B&E 67.394 94.878 750 1.91 17.71 0.32 $ 826.00 $ 14.00 $ 840.00 $ 0 2

Physidan O ffice  C&F 64.078 96,276 1.205 1.76 17.40 0.50 $ 833.00 $ 22.00 $ 856.00 $ 0.2
Administration 50.022 96,721 1.491 2.06 19.93 0.70 $ 838.00 $ 28.00 $ 866.00 $ 0 2

Radiology 90.999 143.421 451 2.01 18.96 0.14 $ 1.247.00 $ 8.00 $ 1.255.00 $ 0 2
Urgent Care 72.574 127,926 1.220 2.11 19.44 0.42 $ 1,115.00 $ 23.00 $ 1.137.00 $ 0 2

Spedal CSnic &  M am  m o 79.147 145,093 1,705 1.76 18.42 0.49 $ 1.249.00 $ 32.00 $ 1.280.00 $ 0 2

C o n d itio n e d  A rea Totals: 465,982 806,154 7,669 13.53 130.25 2.91 $ 6,993.00 $ 143.00 $ 7,135.00 $ 0.2

Improvement over No Insul wf Unshaded Roof $ (641.00) $ (339.00) $
Improvement ever 1" Insul. wt Unshaded Roof $ (268.00) $ (220.00) $

(979.00) $
(479.00) $

(0 .0 :(0.0i

Fig. 13.3

The fourth strategy called for the addition of a canopy shading roof system 

which would reduce the solar absorption of the existing built up roof system, but would 

not add to the systems thermal insulation. The results are as follows:

Design with 3* Rigid Insulation on outside of Masonry - Shading Canopy Roof

Conditioning Loads Source Consumption
Ventlatton C o d in g Heating Ventlation C o o ing Heating C o d ing H ed ing T d d C osts/Sq. Ft.

KBtu KBtu KBtu KBtu/Sq. Ft. KBtu/Sq. Ft. KBtu/Sq. Ft. $ $ $ $

Physidan O ffice  A&D 59.883 95.303 767 1.90 17.20 0.30 $ 831.00 $ 14.00 $ 845.00 $ 0.21
Physidan O ffice B&E 55,586 88,549 676 1.90 16.50 0.30 $ 774.00 $ 13.00 $ 787.00 $ 0.20
Physidan O ffice  C&F 52,254 89,731 1.135 1.70 16.20 0.50 $ 780.00 $ 21.00 $ 801.00 $ 0.20

A d n in i shation 46.749 85,199 1.355 1.90 17.60 0.60 $ 744.00 $ 25.00 $ 769.00 $ 0.22
Radotogy 85.931 126.353 324 1.90 16.60 0.10 $ 1,099.00 $ 6.00 $ 1.106.00 $ 0.20

l>gent Cere 68,091 112.265 1,030 2 0 0 17.10 0.40 $ 986.00 $ 19.00 $ 1.005.00 $ 0.21
S p e d d  C ln ic  & M am m o 75,722 132.341 1.566 1.70 16.80 0.50 $ 1,144.00 $ 29.00 $ 1,173.00 s 0.20

C o n d tio n e d  A rea Totds: 444,216 728,741 6,853 13.00 118.00 2.70 $ 6,358.00 $ 127.00 $ 6,486.00 $ 0.21

Improvement over No Insul wl Unshaded Roof $ (1,276.00) $ (366.00) $ (1,628.00) $ (0.06)

Operation Costs

Improvement over 1" Insul. wl Unshaded Roof 
Improvement over 3* Insul. wl Unshaded Roof

(893.00) $
(636.00) $

(236.00) $ 
(16.00) $

(1,128.00) $ 
(649.00) $

(0.04)
(0.02)

Fig. 13.4
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Results Discussion

The fifth strategy investigated the impact of the south facing shading devices 

over the south windows. This set of data involved going to the previous design and 

removing all the south shaders leaving the 4" window headers as the sole horizontal 

shading for the south windows. The results are listed below:

P e t/o n  with No South Shading Dovicat fontv window header) - Unshaded Roof

Conditioning Loads Source Consumption Operation Costs
Ventilation Cooling Heating Ventilation Cooling Heating Cooling Healing Total Costs /  Sq. Ft.

KBtu KBtu KBtu KBtu/Sq. Ft. KB tu/Sq. Ft. KBtu/Sq. Ft. $

Physician O ffice  A&D 68.976 103,250 670 207 18.65 0.24 $ 902.00 $ 10.00 $ 912.00 $ 0 2
Physician O ffice  B&E 62.701 96.508 521 2.01 18.01 0 2 2 $ 843.00 $ 10.00 $ 853.00 $ 0.2

Physician O ffice  C&F 54,677 96.338 1,148 1.77 17.41 0.47 $ 834.00 $ 21.00 $ 855.00 $ 0 2
Administration 52,747 97.316 1.259 2.12 20.05 0.69 $ 846.00 $ 24.00 $ 870.00 $ 0 2

Radiology 97.675 144.237 355 2.10 19.06 0.11 $ 1.259.00 $ 7.00 $ 1,266.00 $ 0 2
U g e n tC a re 77,403 128,616 981 2.19 19.55 0.34 $ 1,124.00 $ 18.00 $ 1.142.00 $ 0 2

Special C linic & M am m o 80,492 145.468 1.598 1.76 18.47 0.46 $ 1.253.00 $ 30.00 $ 1,283.00 $ 0 2

C o n d tfo n e d  A rea Tot ( is : 494,671 811,733 6,432 14.02 131.19 2.43 $ 7,061.00 $ 120.00 $ 7,181.00 $ 0.2

D iffe re n ce  from North and South Shading wl Canopy Roof $ 703.00 $ (7.00) $ 695.00 $ 0.01

Fig. 13.5

The fifth strategu called for an investigation of the impact of the north vertical 

shading devices that spanned between the north windows. This set of data involved 

going to the previous iteration and removing all the north shaders leaving the 

4" window frame edges as the sole vertical shading for the north windows. The results 

are listed below:

Dotian with No North or South Shading Oovicot fonty window heador) - Unshaded Roof

Conditioning Loads Source Consumption Operation Costs
V e n tld io n Cooling Heating Ventitation C o o in g Heating C o o in g Heating Total Costs /  Sq. Ft.

KBtu KBtu KBtu KBtu/Sq. Ft. KBtu /  Sq. Ft. KBtu/Sq. Ft. $ $ $ $

Physician O ffice  A&D 70.188 103,810 548 2.09 18.76 0 2 3 $ 907.00 $ 10.00 $ 917.00 $ 0 2
Physidcr O ffice  B&E 63.121 96,963 508 2.01 18.10 0.22 $ 847.00 $ 9.00 $ 856.00 $ 0 2

Physician O ffice  C&F 55,796 97.626 1.071 1.79 17.64 0.44 $ 845.00 $ 20.00 $ 865.00 $ 0 2
Administration 52.747 97.316 1.269 2.12 20.05 0.59 $ 846.00 $ 24.00 $ 870.00 $ 0 2

Radiology 97,675 144.237 355 2.10 19.06 0.11 $ 1.259.00 $ 7.00 $ 1.266.00 $ 0 2
Urgent Care 77.851 129.023 964 2.20 19.07 0.33 $ 1,128.00 $ 18.00 $ 1,146.00 $ 0 2

Special C linic &  M am m o 81,001 146,073 1.566 1.77 18.54 0.45 $ 1,258.00 $ 29.00 $ 1287.00 $ 0 2

C c n d tio n e d  A rea Total*: 498,379 815,048 6,271 14.06 131.21 2.37 $ 7,090.00 $ 117.00 $ 7,207.00 $ 0.2:

Difference from South Shading wl Canopy Roof $ 
Difference from North and South Shading wl Canopy Roof $

732.00 $ 
29.00 $

( 10.00)  $
(3.00) $

721.00 $ 0.01
26.00 $ OXK

Fig. 13.6
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Conditioned Spaces Energy Simulation D ata

Floor Area Conditioning Loads
Ventilation Cooling Heating

Square Feet Total - KBtu KBtu/Sq. Ft. Total - KBtu KBtu/Sq. Ft. Peaks - KBtu/h Total - KBtu KBtu/Sq. Ft. Peaks - KBtuh

Physician Office A&D 4,050 59,883 14.8 95,303 23.5 70.5 767 0.2 84.4
Physician Office B&E 3,840 55,586 14.2 88,549 22.6 65.3 676 0.2 74.5
Physician Office C&F 4,050 52,254 12.9 89,731 22.2 66.4 1,135 0.3 81.7

Administration 3,552 46,749 13.2 85,199 24.0 64.4 1,355 0.4 80.7
Radiology 5,537 85,931 15.5 125,353 22.6 89.6 324 0.1 70.9

Urgent Care 4,815 68,091 14.1 112.265 23.3 83.4 1,030 0.2 91.4
Special Clinic & Mammo 5,764 75.772 13.1 132,341 23.0 94.3 1,566 0.3 117.7

Conditioned Area Totals: 31,608 384,383 12.16 633,438 20.0 463.4 6,086 0.2 517

Source Consumption Cooling Heating Total Costs/Sq. Ft.
Ventilation Cooling Heating Building Total
KBtu/Sq. Ft. KBtu/Sq. Ft. KBtu/Sq. Ft. KBtu/Sq. Ft.

Physician Office A&D 1.9 17.2 0.3 19.4 $ 831.00 $ 14.00 $ 845.00 $ 0.21
Physician Office B&E 1.9 16.5 0.3 18.7 $ 774.00 $ 13.00 $ 787.00 $ 0.20
Physician Office C&F 1,7 16.2 0.5 18.4 $ 780.00 $ 21.00 $ 801.00 $ 0.20

Administration 1.9 17.6 0.6 20.1 $ 744.00 $ 25.00 $ 769.00 $ 0.22
Radiology 1.9 16.6 0.1 18.6 $ 1,099.00 $ 6.00 $ 1,106.00 $ 0.20

Urgent Care 2.0 17.1 0.4 19.4 $ 986.00 $ 19.00 $ 1,005.00 $ 0.21
Special Clinic & Mammo 1.7 16.8 0.5 18.9 $ 1,144.00 $ 29.00 $ 1,173.00 $ 0.20

Conditioned Area Totals: n/a n/a n/a n/a $ 6,358.00 $ 127.00 | $ 6,486.00 | $ 0.21
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Case Study Comparisons

After reviewing the data from the Calpas simulations and establishing the va

lidity for the design results, a detailed comparison can now be made between this 

design project and the three case study facilities mentioned earlier in this report.

A great deal of architectural and aesthetic features can be used to relate this 

design to the three outpatient buildings used in the case study. However, this leaves 

some debate over the subjectivity of these findings as well as the personal views of 

the author. As a result, the simulation data from both this design as well as those 

from the case studies can be set next to each other for a numerical and mostly ob

jective analysis. This would help to complement the aesthetic viewpoints as well as 

reinforced some of the design decisions made during the development of this pro

ject.

As with the previous results discussion, both this design project as well as the

case studies were simulated using the same techniques and the results were given

in identical formats. For example, both the design and case study simulations pro

vided the consumption, loads, and operational costs. However, the most critical of

these values was the energy used and the cost of heating and cooling these four 

buildings. As a result, the following table illustrates the performance of all three case 

studies relative to themselves as well as this design project.
Case Stuck Comparisons

Facility Cooling Consumption Cooling Consumption Cooling Costs Heating Consumption Heating Cost Total Consumption Cost/Sq. Ft

Ino & Shannon
Sq, Ft.

45,844
KBtu/ Sq. Ft,

38.14 $
5/Sq. Ft.

0.42
KBtu/ Sq, Ft.

1.45
KBtu/ Sq. Ft.

$ 0.07
KBtu/ Sq, Ft.

39.59
$/ Sq, Ft.

$ 0.4<
Rancho Vistoso 52,380 50.85 $ 0.56 2.63 $ 0.11 53.48 $ 0.6
Urgent Care Assoc. 14,530 75.37 $ 0.83 3.03 $ 0.09 78.40 $ 0.%

Design Building 31.606 19.07 5 0.21 0.38 $ 0.004 19.45 5 0.2

Fig. 14.1
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Case Study Comparisons

Figure 14.1 shows how this design project clearly outperformed all of the 

case studies by a significant margin. Of the three case studies, the Ina & Shannon 

Urgent Care building was the best performer, yet this facility still consumed more 

than twice the energy of the outpatient building in this report. In terms of size, the 

Ina & Shannon facility is the closest in gross square feet as well as orientation, 

height, and material selection. All the values in figure 15.1 are given in value per 

square foot to help make the comparison between the buildings equal despite 

their differences in size. This design project operates at 50% of the cooling costs 

of the Ina building and at only 5% of its heating costs. In terms of overall condi

tioning costs per square foot, the Ina building was simulated at $0.49 / Sq. Ft. while 

this report's design came in at only $0.21 / Sq, Ft.

When compared with the Rancho Vistoso, the simulation data reveals a 

320% higher energy consumption and 3.2 times greater operating cost than the 

design in this report. This is based on the conditioning cost per square foot of 

$0.67 for the Rancho facility. This becomes even more apparent when the design 

in this report is compared with the Urgent Care Associates building which con

sumed 438% more energy and cost more than four times the amount used in this 

report's facility.
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Case Study Comparisons

Case Comparisons

Case

Gross Floor Area 
Net Program Area 
Net Program % of Gross 
Circulation Area 
Circulation % of Gross 
Mech. Area
Mechanical Area of Gross 
Building Volume 
Exterior Surface Area 
Surface - Volume Ratio 
Fenestration Area 
Fenestration to Floor Area 
Electrical Usage - Cooling 
Electrical Usage - Heating

Primary Orientation 
NS - EW Fagade Lengths 
NS - EW Fagade Ratio 
Location Type 
Roof Construction 
Exterior Wall Construction 
Wall Insulation Value 
Roof Insulation Value 
Exterior Window Type 
Exterior Window Insulation 
Floor Construction 
Perimeter Slab Insulation 
Mechanical System 
Annual Utility Bill (Electric) 
Total Costs 
Cooling Costs 
Heating Costs

Design Project

52, 380 sq. ft. 
35,422 sq. ft.

67.6.0%
11,954 sq. ft.

23.0%
1517 sq. ft.

2.9%
1,017,477 cu. ft. 
138,691 sq. ft.

13.6%
1,784 sq. ft.

3.4%
50.85 KBtu/sq. ft. 
2.63 KBtu/sq. ft.

East to West 
305 f t : 170 ft.

1.79 : 1 
Rural

Flat - built up 
Masonry 

R-3.3 
R-38

Double pane, low-E 
U = 0.56 

Slab on grade 
None

DX Cool, w/ Elect. Furn. 
$103,620.00 
$0.67/Sq. Ft. 
$0.56/Sq. Ft. 
$0.11 / Sq. Ft.

Ina & Shannon

45,844 sq. ft. 
28,483 sq. ft. 

62.0%
15,466 sq. ft.

33.7%
1,895 sq. ft.

4.1%
639,764 cu. ft. 
62,722 sq. ft. 

10.2%

3,305 sq. ft.
7.2%

38.14 KBtu/sq. ft.
1.45 KBtu/sq. ft.

East to West 
235 ft: 153 ft. 

1.54:1 
Suburban 

Gable roof w. attic 
Masonry 
R-11.3 
R-29.4

Double pane, low-E 
U = 0.56 

Slab on grade 
Rigid Insul., R-7 

DX Cool. w/Gas Furn. 
$75,364.00 

$0.49/Sq. Ft. 
$0.42/Sq. Ft. 
$0.07/Sq. Ft.

Urgent Care Associatei

14,530 sq. ft. 
11,602 sq. ft.

78.5%
2,605 sq. ft.

18.0%
387 sq. ft.

2.6%

232,480 cu. ft. 
36,612 sq. ft. 

15.8%
706 sq. ft.

5.2%
75.37 KBtu/sq. ft. 
3.03 KBtu/sq. ft.

North to South 
92 ft. : 144 ft.

0.64 : 1 
Urban

Flat - built up 
Brick veneer, steel frame 

R-18.4 
R-24.1

Double pane, low-E 
U = 0.56 

Slab on grade 
None

DX Cool, w/ Elect. Furn. 
$34,461.00 

$0.92/Sq. Ft. 
$0.83/Sq. Ft. 
$0.09/Sq. Ft.
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Case Comparisons

Case

Gross Floor Area 
Net Program Area 
Net Program % of Gross 
Circulation Area 
Circulation % of Gross 
Mech. Area
Mechanical Area of Gross 
Building Volume 
Exterior Surface Area 
Surface - Volume Ratio 
Fenestration Area 
Fenestration to Floor Area 
Consumption - Cooling 
Consumption - Heating

Primary Orientation 
NS - EW Fagade Lengths 
NS - EW Fagade Ratio 
Location Type 
Roof Construction 
Exterior Wall Construction 
Wall Insulation Value 
Roof Insulation Value 
Exterior Window Type 
Exterior Window Insulation 
Floor Construction 
Perimeter Slab Insulation 
Mechanical System 
Annual Utility Bill (Electric) 
Total Costs 
Cooling Costs 
Heating Costs

Design Proposal 
as shown in this 

Report

i
Design Project

31,688 sq. ft. 
23,500 sq. ft.

75.0%
6,983 sq. ft.

22.0%

1204 sq. ft,
3.8%

459,476 cu. ft. 
51,461 sq. ft. 

11.2%

2,624 sq. ft.
5.1%

19.07 KBtu/sq. ft. 
0.38 KBtu/sq. ft.

East to West 
340 f t : 180 ft. 

1 . 8 8 : 1  
Urban

Flat w/ Shading Canopy 
Masonry 
R-14.75 
R-48,8

Double pane 
U = 0.64 

Slab on grade 
Rigid Insul., R-7 

DX Cool, w/ Gas. Furn. 
$32,293.48 (projected) 

$0.21 /Sq. Ft.
$0.21 /Sq. Ft. 

$0.004/Sq. Ft.

Best Performing 
Building from 
Case Studies

i
Ina & Shannon

45,844 sq. ft. 
28,483 sq. ft. 

62.0%
15,466 sq. ft.

33.7%
1,895 sq. ft.

4.1%
639,764 cu. ft. 
62,722 sq. ft. 

10.2%

3,305 sq. ft.
7.2%

38.14 KBtu/sq. ft.
1.45 KBtu/sq. ft.

East to West 
235 ft: 153 ft. 

1.54:1 
Suburban 

Gable roof w. attic 
Masonry 
R-11.3 
R-29.4

Double pane, low-E 
U = 0.56 

Slab on grade 
Rigid Insul., R-7 

DX Cool. w/Gas Furn. 
$75,364.00 

$0.49/Sq. Ft. 
$0.42/Sq. Ft. 
$0.07/Sq. Ft.
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This study demonstrates the importance of energy conscious design and the 

significance it can play in the performance of medical facilities as well as those of 

other commercial buildings.

None of the strategies used in this study involved unattainable building 

systems or radical design ideas. Rather, through the use of proper orientation, 

intelligent site analysis, material selection, and a combination of relevant building 

systems, the designer can create a facility which responds to the needs of the client 

while also being climatically responsive to the environment in which it exists.

As with any architectural project, the design is never truly finished. Additional 

research and design concepts could be conducted to further the efficiency of this 

medical facility and improve its simulation results. However, in the scope of this 

master's project, the design has made considerable progress from the lessons 

learned in the case study and from the computer simulation techniques.

The results found in this report should be applied to the general knowledge of 

medical facility planning and design. It is with this hope that future medical facilities 

can be improved in terms of their energy performance and environmental steward

ship that these types of forms of architecture can foster.
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Section 5 - Appendices

In this section the author provides further 
information on the design development as well as 
test results from the simulation exercises. In 
addition, supplemental case study data is 
presented as well as other medical and 
sustainable precedence research. An annotated 
bibliography is also presented in the appendices. 
This section of the report is divided into nine 
sub-section as listed below:

5A  A dd itiona l Rancho Vistoso In form ation  
5.B A dd itiona l Ina & Shannon In form ation  
5.C  A dd itiona l Urgent C are Assoc. In form ation
5.0 A dd itiona l P rogram  D eve lopm en t 
5.E Simulation D a ta
5.F Sustainable Precedents  
5.G M e d ic a l Design Precedents  
5.H Photovolta ic Calcu la tions
5.1 A nno ta ted  B ib liography
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Rancho Vistoso Outpatient Center
Fig. A1 - Circulation Plan

A-2
Building entry points



Rancho Vistoso Outpatient Center
Building Section & Details

Built up asphalt roof 
wl 3/8"/1 ft slope 
Light gray epoxy coating

R-30 Fiberglass 
insulation in roof .9 ft.—18 ft. 

mechanical plenum 
shown in blue--------

6” cone slab on grade 
wl no perimeter insul.

Fig. A2 - Building Section

The Rancho Vistoso building is essentially a large 
box both in plan and section. As shown in the 
building section above, the interior space is 
divided into two sections: a program area and 
mechanical section. The lower portion shown in 
red is where all day to day activities take place, 
the upper plenum space is used for ductwork, 
utility wiring and piping, as well as to create an 
additional thermal buffer zone between the roof 
and interior ceiling. This helps to increase the 
thermal resistance between inside and outside 
via the upward surface of the building. It re
viewing these two spaces, it is important to note 
that the mechanical plenum has a greater inte
rior volume than that of the program areas, yet 
both are being conditioned since the insulation 
is located on the lower side of the roof.

The wall details to the right help show the build
ing's masonry wall construction with an air 
space provided by the CMU cores. In addition, 
the walls have a l /2" stucco coating on the ex
terior and a 3 l/2" air space between the exte
rior block walls and the interior drywall. This 
combined assembly provides an R- resistance 
value only 3.3. Another disadvantage of the 
wall system is the interior wall prevents the use of 
thermal temperature storage because the 
interior CMU surface is not left exposed. A 3

CMU air space (only ] 7 
insulation in wall 
system) shown in 
orange

6" CM. h A U .------------ If
06* r t e e  occurs.) ^

RSW CM) -----------f
LIME. ||
-V=F STRUCTURAL l|

Low-E double pane 
insulated glass (typ. ^ 4 /  
for all glazing areas) y \  
shown in purple

Extent of horiz 
6" Nr overhang (6")

Fig. A3 - Window Header Detail Section

Fig. A4 - Window Sill Detail Section



9 
ft.

—
18

 ft
.

Rancho Vistoso Outpatient Center
Wall Section

Built up asphalt roof 
wl 3/8”/1 ft slope 
Light gray epoxy coating

R-30 Fiberglass 
insulation in roof

<D Q. C
3 1/2" steel studs with drywall 
Interior finish - no insulation 
only air space between CMU 
and drywall

3 ?  ®

6" cone slab on grade 
iv/ no perimeter insul.

8" CMU with stucco 
exterior finish /

Fig. AS - Typical Exterior Wall Section



Rancho Vistoso Outpatient Center 
Mechanical Details

Z  COHmCL VOLT^flC TRAN5Fc*»e*» fTT 
►eCH CCNtHACTDK

Fig. A6 - Boiler Control Diagram

O M t  TEMP SCHSORTEMP 5CHSOR

TO PSC - % j 1 3

T O  D S C

Fig. A7 - Chiller Control Diagram

P U M P  SCHEDULE
MARK PM 1 P -2 P -9  4 P -4

5CRV1CC C M lLLfD  WATER leATTNG HATER

TYPE B O  SUCTION 
BASE MOUNTED 
CENTRIFUGAL

END SUCTION 
BASE MOUNTED 
CENTRIFUGAL

FUND HATER , HATER

DESIGN FUND TEFFERATVKE (DEG. r ) 45 160

FLOW RATE (GPM) 425 150

DESIGN tC A O  (FTJ 6 5 SB

APPROX. IMPELLER PIAHTTER (TNJ 0 3 6 4

MIN. EFFICIENCT OU T5 65

MAX. N PSH ffTJ 1 5

MOTOR ^ K> 5

MOTOR RPM r c o ^ m o

V 0 L T S W A 6 E X Z 4G O /3A O 4 6 0 / 9 * 0

REFERENCE BELL 4 e o s e e r  
SERIES 1510 
SIZE 4  BC

BELL « GOSStT
s e u E s  m o
SIZE 2  BC

NOTES

I. MtNMJM MOTOR SCRVTCe FAOTOR SHALL BE 1.0.
2  MOTORS TO BE TOTALLY BC LO SED. FAN COOLED (T E F ti.

CHILLER SCHEDULE
MARK O H

SBtVICE WATER CHOXING

TYPE EVAPORATIVE CONDENSING
PACKAGED
HATER CHILLBR

MMMJM COOLIN6 CAPACITY (TONSJ 190

DESIGN t-CT BULB TBHPERATURE (DEG R  T6

LEAVING CHILLED WATER TB-P. (DEG Fj 45
.. ' .

EVAPORATOR WATER PLOW (8PM) 425

EVAPORATOR FOULING FACTOR 0 0 0 0 5

MAX EVAP. WATER PRESSURE DROP (PTJ .too
MAXIMUM UNIT KH 1160

HJFBER OF COMPRESSORS 2

COMPRESSOR RATED LOAD A M P S  (EAJ 6 2

WEBER OF CONDOtSeR FANS 2
AIRFLOW (CFMJ 25,400

A-5



Rancho Vistoso Outpatient Center
Site Photographs

Fig. AS - 1.) East F aca d e

Fig. A9 - 2.) North Fagade

A-6



Rancho Vistoso Outpatient Center
Site Photographs

Fig. A12 - Key Plan 
A-7



Rancho Vistoso Outpatient Center
Site Photographs

A-8



Rancho Vistoso Outpatient Center
Site Photographs

Fig. A15
8.) Typical Exam Room

Fig. A16
9.) Triage Room



Rancho Vistoso Outpatient Center
Site Photographs

Fig. A19 - 12.) C onference Room

Fig. A20
13.) M a in  C orridor

Fig. A21
14.) R adio logy



Rancho Vistoso Outpatient Center
Site Photographs

A-11

Fig. A22 
Key Rian



I
tergy-lO Summary Page
roject: Rancho Vistoso Basecase Project Directory:

description:
Bcheme Number:
Library Name:
Simulation status, Thermal/DL 
fcather file:
Floor Area, ft2 
Surface Area, ft2 
■olume, ft3
dotal Conduction UA, Btu/h-F 
"verage U-value, Btu/hr-ft2-F 
#all Construction 
loof Construction 
Jloor type, insulation 
Window Construction 
Window Shading 
■all total gross area, ft2 
loof total gross area, ft2 
Sround total gross area, ft2 
jjindow total gross area, ft2 
lindows (N/E/S/W:Roof)
Si azing name

RanchoVistoso 
1 / Saved 

RANCHOLIB / Saved 
vaiid/NA 

TUCSON.ET1 
50210.0

117520.0
903780.0 

7843.7
0.067

Sin emu w/ int. st., R=3.3 
flat r-30, R=38.0 

Slab on Grade, Reff=58.7 
6040 double, low e, U=0.56,etc 

shade type2,etc 
17100 
50210 
50210 
1740

21/14/23/10:12 
double low-e, U=0.26

■perating parameters for zone 1
■VAC system DX Cooling with Elect Furn
Rated Output (Heat/SCool/TCool),kBtu/h 1395/1653/2204 
Rated Air Flow/MOOA, cfm 69114/7532
■eating thermostat 70.0 °F, setback to 65.0 °F
jooling thermostat 74.0 °F, setup to 80.0 °F
3eat/cool performance eff=100,EER=12.0
Economizer?/type no/NA
■uct leaks/conduction losses, total % 11/10
leak Gains; IL,EL,HW,OT; W/ft2 1.78/0.33/0.26/1.52
\d d e d mass? none
Baylighting? no
Infiltration, in2 ELA=2274.3

Results:
•Energy cost 1.120$/Therm, 0.105$/kWh,0.000$/kW 
simulation dates 01-Jan to 31-Dec
Energy use, kBtu 4396638
Energy cost, $ 135261
laved by daylighting, kWh 
potal Electric, kWh 
Internal/External lights, kWh 
-Heating/Cooling/Fan, kWh 
■Hot water/Other, kWh 
Ipeak Electric, kW 
Fuel, hw/heat/total, kBtu 
Bmissions, C02/S02/N0X, lbs 
lonstruction Costs 
Fife-Cycle Cost

1288467
297892/67735

54907/268257/110041
63911/425724

499.4
0/0/0

1731700/10179/5283
5557783

00 -

Apr 26, 2003 
C:\EnergylO\RVUC

none

- )
Jan to 00-Jan 

NA 
NA 
NA 
NA 
NA 
NC 
NC 
NA 
NC 
NA 

0 
0



RanchoVistoso - Perform ance Sum m ary
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Inq & Shannon Outpatient Center
Fig. B1 - Lower Level Circulation Plan

Building entry points





Ina & Shannon Outpatient Center
Building Section & Details

R-30 fiberglass Insul. Unconditioned attic 
space (shown green)

1
“ mechanical plenum 
I shown in blue

§£<5-JH-r t . tr I I ;
F/g. S3 - Building Section

The Ina & Shannon building is a series of 
large boxes both in plan and section with a 
hip roof on top. As shown in the building 
section above, the interior space is divided 
into two sections on each floor: a program 
area and mechanical section. The lower 
portion shown in red is where medical 
activities take place, the upper plenum 
space is used for ductwork, utility wiring 
and piping. On the second floor, this zone 
also act as an additional thermal buffer 
between the attic and interior ceiling. This 
helps to increase the thermal resistance 
between inside and outside via the upward

Air space (shown 
<§> in orange)
<S>

Low-E double pane 
insulated glass (typ 
for all glazing area 
shown in purple

NOTH. SEE  D E T A IL  H /A T 6  
> NOTETYP. FLASHING

I*  INSUL. G LAZIN G  
TYP .

5 / 6 "  GHE3 —  
ON H TL. SHOS SS 
F L R . P L A N  
PA R T IT IO N

3 1/2" fiberglass 
(shown In blue)

B A C K E R  ROC 
A N D  C A U LK  
BO TH  S ID E S, 
FULL P E R I ME 
TYP .

. Note o e rM -  <, 4 Ih+.(* 
Fo#e r y c t c M *  cz»4c..

surface of the building. In reviewing these two 
spaces, it is important to note that the volume of the 
two plenum spaces combined is as much as an 
entire floor of program area. Both program and 
plenum are being conditioned since the insulation is 
located above all these spaces.

Fig. B4 
Wall Detail

Fig. B5
Window Sill Detail

SHIM

The wall details to the right help show the building's 
masonry wall construction with an air space provided 
by the CMU cores. In addition, the walls have a 3 l/2" 
space between the exterior block walls and the 
interior drywall where fiberglass insulation is located.
This combined assembly provides an R- resistance 
value only 13.6. One disadvantage of the wall 
system is the interior drywall and insulation prevent the 
use of thermal temperature storage because the 
CMU surface is not left exposed to collect heat. B-4

I* INSUL. 6LAZINS  
TYP.

ALUM. CURT A INWALL 
SYSTEM PER SPECS.

BACKER ROD 
AND CAULK 
BOTH SIDES.
FULL PERIMETER- 
TYP.

M

CONC STEM WALL 
REFER TO STRUCT 
DWOS

Perimeter insulation 
(shown in green)

Fig. B6 - Curtain Wall Detail



Ina & Shannon Outpatient Center
Wall Section

B-5



Ina & Shannon Outpatient Center 
Mechanical Details

AIR HANDLING UNIT SCHEDULE
MARK A+H A++-2

s e tv ic c OUTSIDE
AIR

OUTSIDE
AIR

TYPE VERTICAL VORTICAL 
DRAH-TXa/ DRAW-THRU

TOTAL SUPPLY AIR fCFM) 9 5 0 0 9 5 0 0

EXT. STATIC PRESSURE fVcgJ 16 1 6

MIN. TOT. C L 6  CAP. fMB+U 1065 ■ 1065

MIN. SENS C L A  CAP. ft-BH) 1065 0 6 5

ENT. A R  T B f .  <D66. Od/HB# «06>I6Y 06461

B fT . CL6. WTR TEMP. ftJEtf F) 

C L 6  H A W  FLOW RATE (6PM/

45

216

-45

216

MAX. COO. PRESS. DROP (FTJ to o 0 6

MIN. +CATHS CAPACITY 06+ V •044 04.1

BfT. AIR TBF>. (DBS. DO/ , ; 

BIT . HT6. WTR. TBF>. ( fE 6 .  F/

2 6

160

2 6

160

HT6. WATER FLOW RATE (6PM/ 16.4 16.4

M AX COIL PRESS. DROP (PTJ 1 0 6 0 6

MIN. COIL FACE AREA (SO. FTJ 1 6 1 6

6RIVE TYPE BO-T BELT

FAN SFEttWRPM/ 6 0 0 6 0 0

„ FAN MOTOR HP 15 15

VOLTSuPNASEAlZ 4 6 0 /9 /6 0 4 6 0 / 9 * 0

MIN FILTER AREA (SF/ 1 0 6 to o

CUTS+DE A lR fCFM / 9 5 0 0 9900

M AX OPERATES HEI6HT (LOS/ tooo toco

REFERBICE McOUAY
LSLMOB

MctiUAY
L S L 4 0 6

NOTES:
t  s c m * L E D  c a p a c t t y  s h a l l  b e  f o r  a o o  f t . b e v a t io n .
2  p r c z v c e  HTTH f l a t  FILTER SECTION.
9  ICATIN6  COIL TO BE INSTALLED W TtC PRE-HEAT POSITION.

(H) T T ^  SCN6CW

VALX« W  A67UATO* (H)

NOTES;

2. cohtwx voLT^ec * r
k x x  e c m m A c itm .

Fig. B8 - Boiler Control Diagram

f l y  MOTOR

C + + *  T E M P  S E N S O RCIRCULATION FVMF
0 + 6  T B - F V  S E N S O R

TO PSC - % j ) 3

T O  D S C

Fig. B9 - Chiller Control Diagram

PUMP SCHEDULE

CMLLED HATTK NEA1WB HMTH

O O  tUClYM  n o  tUtTIC*
BASt MOUNTED BAM  MOUmBP 
cem M KBAL oonwMJBAi.

□ e e w i ru *D  TE ir tN ATUg (tee  f )  «9 

FVOM RATE (BPMI

DESWUCACFT^
tfTKOX. WELLER DIAWTBLflNJ 

M K EEEIdOIOr 0U

MAX N P W irrJ

VCLTVPHASEAU

re o i

«R|E1 mo 
SUE 4 BO

1. MWIMM MOTOR SERVICE EACTOR SMALL S  IJB.
2. MOTORS TO BE TOTALLY ENCLOSED. EAN COOLED OEEC).

BOILER SCHEDULE
HARK

s e r v ic e »CA-nNd KATBR

m p t ATMC75RCWC

m e  t y p e  , NATURAL 6 AS

oe s ieN  w o e a N e  F F E S sn e  i r w )

HWWUM leATTN* CAPACITY (VBHl H O

MAXMM F ie .  IWVT ICFN) 10*0

HWHJM COMBUSTION EFFICeNCY
f » #  s e A L E v e u

OFCRATMA 5 T A 0 » LOH-MMH-LOH

MAXI SUM HATER CONTENT (F A LL O W

MAXIMW PRESSURE DROP (FT4

CONTROL POWER -  VDLT&>PM A60ti

R E F E R E E

/
CHILLER SCHEDULE

HATER C H M JN d

TYPE EVATORATfVE G O N D 0 & H
PACKAGED
HATER CHILLER

M NPUM  COOUN6 CAPACITY (T O W

DESISN MET BULB TB«=ERATURE I M S  F / T6

LEAVTN6 CU LLED  WATER TEM». /DEO F> 49

EVAPORATOR WATER FLOW TOPHI

EVAPORATOR F0ULW 6 FACTOR

M A X  EVAP. WATER PRESSURE DROP (FTJ .IO O

MAXIMUM W *T KM M 6D

H M B ER  OF COMPRESSORS

COT-PRESSOR RATED LOAD ALPS IEAJ A 2

w p e e R O F  c o o e e E R  f a n s 2

i. s o e x u m  c a p a c it y  s m a ll  b e  f o r  J s o o  f t  e l e v a t x w
2  PROVIDE ALL lecESBARY SAFETY A IC  OPERATING CONTROLS 
9. WIT TO BE K A neR P R O C FE D  FOR OUTDOCR M STALLATV*

AIR FLOW fCFhU 25.SOO



Ina & Shannon Outpatient Center
Site Photographs

Fig. BIO  - 1.) South-west Perspective

Fig. B11 - 2.) South Fagade

B-7



Ina & Shannon Outpatient Center
Site Photographs

Fig. B12 - 3.) West Fagade  - South Fogade Beyond

B-8



Ina & Shannon Outpatient Center
Site Photographs

Fig. B14 - 5.) C entra l C ourtyard

Fig. B15
Key Plan 

B-9



Bnergy-10 Summary Page
project: Ina & Shannon Basecase Project Directory:

h
L:

l
Si

I

scription:
bheme Number:

Library Name:
limulation status, Thermal/DL 
eather file: 
loor Area, ft2 

Surface Area, ft2 
lolume, ft3
jotal Conduction UA, Btu/h-F 
Average U-value, Btu/hr-ft2~F 
gall Construction 
■oof Construction
■loor type, insulation 
Window Construction

InaShannon 
1 / Saved 

INASHANNONLIB / Saved 
valid/NA 

TUCSON.ET1
45844.0
62722.0 

458440.0
4754.3
0.076

8in emu - stl int, R=13.6,etc 
attic, r-30, R=29.4 

Slab on Grade, Reff=25.1, etc 
9050 double, low e, U=0.39,etc

jjindow Shading shade type 3
■all total gross area, ft2 16880
Poof total gross area, ft2 22920
Jround total gross area, ft2 22922
iindow total gross area, ft2 3305
lindows (N/E/S/W:Roof) 96/36/69/0:0
Blazing name double low-e. U=0.26

Iperating parameters for zone 1
|VAC system PTAC with Gas Boiler & HW Coil
Rated Output (Heat/SCool/TCool),kBtu/h 355/507/676

69.0
74.

24642/3363 
°F, setback to 65.0 °F 
0 °F, setup to 82.0 °F 

eff=81,EER=14.0 
yes/electronic type A

Rated Air Flow/MOOA,cfm 
■eating thermostat 
fooling thermostat 
Heat/cool performance 
Economizer?/type
■uct leaks/conduction losses, total % 2/0
Peak Gains; IL,EL,HW,OT; W/ft2 1.78/0.33/0.26/1.52
Mded mass? none
■aylighting? no
Infiltration, in2 ELA=1181.0

Operating parameters for zone 2
■VAC system PTAC with Gas Boiler & HW Coil
fated Output (Heat/SCool/TCool),kBtu/h 355/507/676
Rated Air Flow/MOOA, cfm 
Heating thermostat 
fooling thermostat 
leat/cool performance 
Economizer?/type

24215/3513 
69.0 °F, setback to 64.0 °F 

74.0 °F, setup to 82.0 °F 
eff=81,EER=14.0 

yes/electronic type A
Buct leaks/conduction losses, total % 2/0
leak Gains; IL,EL,HW,OT; W/ft2 1.78/0.33/0.26/1.52
Bdded mass? none
Daylighting? no
■nfiltration, in2 ELA=1234.2

Results:
Energy cost
limulation dates 
|nergy use, kBtu 
Energy cost, $
Slaved by daylighting, kWh 
lotal Electric, kWh 
linternal/External lights, 
Heating/Cooling/Fan, kWh 
■Hot water/Other, kWh 
■Peak Electric, kW 
Fuel, hw/heat/total, kBtu 
Emissions, C02/S02/N0x, lbs 
■on s t ru et i on Co s t s

1.120$/Therm,0.105$/kWh,0.000$/kW
01-Jan to 31-Dec 

3340190 
98589

916393
kWh 271461/61845

0/181586/13204 
0/388278 

236.8
198826/14355/213181

1256809/7263/3785
5 0 5 0 7 2 5

00 -

Apr 26, 2003 
C:\EnergylO\ISUC

none

-  )
Jan to 00-Jan 

NA 
NA 
NA 
NA 
NA 
NC 
NC 
NA 
NC 
NA 

0



InaShannon - Perform ance Sum m ary
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Urgent C are  Associates 
Fig. C1 - Circulation Plan
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Built up asphalt roof 
w/ 318”/1 ft slope 
Light gray epoxy coating

Urgent C are Associates 
Building Section & Details

14 ft. X .
R-30 Fiberglass 
insulation in roof

celling - program 
space in red -----

r —  4" cone s/ob on grade 
w/ no perimeter insul.

41

Fig. C2 - Building Section

The Urgent Care Associates building is 
essentially a large box both in plan and 
section. As shown in the building 
section above, the interior space is 
divided into two sections: a program 
area and mechanical section. The 
lower portion shown in red is where all 
day to day activities take place, the 
upper plenum space is used for duct
work, utility wiring and piping, as well as 
to create an additional thermal buffer 
zone between the roof and interior 
ceiling. This helps to increase the 
thermal resistance between inside and 
outside via the upward surface of the 
building.

I
1

---------------

V
■ ft ^

Low-E double pane 
insulated glass (typ. 
for all glazing areas)

y X ' ,

shown in purple — A '  M

Fig. C3 - Curtain Wall Detail Plan

The wall details to the right help show 
the building's wall construction being 
that of a brick fagade with a metal 
frame system behind which includes 
drywall, 3 1/2" fiberglass and 1/2" rigid 
insulation. The combined effectiveness

Low-E double pane 
insulated glass (typ. 
for all glazing areas) 
shown in purple -----

<y\ —-

of the wall system 
produces an R value of
R-11.4

1/2" rigid insulation board 
between brick and metal 
stud walls (approx. R-5)

v -

$

\  •

1/2" horiz. & vert, 
window overhan<

4" brick veneer

R-11 fiberglass 
insul. b/w studs 
shown In yellow

Fig. C4 - Window Sill Detail
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Urgent C are Associates 
Wall Section

Built up asphalt roof 
w/ 3/8"/1 ft slope 
Light gray epoxy coating

R-30 Fiberglass 
insulation in roof

R-11 fiberglass 
insulation b/w studs

1/2” rigid insulation board 
between brick and metal 
stud walls (approx. R-5)

<D Q.

4" brick veneer wl 1” air 
space along Inside edge

4” cone slab on grade 
wl no perimeter insul.

Fig. C5 - Typical Exterior Wall Section

C-4



Urgent Care Associates
Site Photographs

Fig. C6
1.] West Fagade  - sm all po rtion  o f south fa g a d e  a t fa r r ig h t

Fig. 07
2.) East Fagade - sm all po rtion  o f north fa g a d e  a t fa r righ t
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Urgent Care Associates
Site Photographs

Fig. C9
4.) South Fagade  

showing south side 
garden  a rea



Urgent Care Associates
Site Photographs

Fig. C11
5.) Waiting Room  

& R eception
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Urgent Care Associates
Site Photographs

Fig. C14
8.) Typical MD O ffice

Fig. C15
9.) Work A rea

Fig. C16
10.) Storage Room

Fig. C17
11.) Records Room



Urgent Care Associates
Site Photographs
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Fig. C20 
Key Plan
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ergy-10 Summary Page
eject: Urgent Care Associates Project Directory:

Apr 26, 2003 
C:\EnergylO\UCA

description: UrgentCareAssociates
■cheme Number: 1 / Saved
Library Name: UCALIB / Saved -

Simulation status, Thermal/DL valid/NA -

leather file: TUCSON.ET1 -

Floor Area, ft2 14530.0 -

Surface Area, ft2 36612.0 -

■olume, ft3 232480.0 -

lotal Conduction UA, Btu/h-F 1754.1 -

Average U-value, Btu/hr-ft2-F 0.048 -

Wall Construction 4in brick/steel std, R=18.4
loof Construction flat, r-30, R=24.1 -

|loor type, insulation Slab on Grade, Reff=34.2 -

Window Construction 28040 double, low e, U=0.43,etc
Window Shading shade type 2 -
■all total gross area, ft2 7552 -
loof total gross area, ft2 14530 -

Ground total gross area, ft2 14530 -

gindow total gross area, ft2 760 -

lindows (N/E/S/W:Roof) 2/4/0/4:0 -
Blazing name double low-e, U=0.26 -

none

■perating parameters for zone 1
■VAC system DX Cooling with Elect Furn
Rated Output (Heat/SCool/TCool),kBtu/h 280/443/590

23642/2180Rated Air Flow/MOOA, cfm 
leating thermostat 
fooling thermostat 
Heat/cool performance 
conomizer?/type

70.0 F, setback to 66.0 F 
73.0 °F, setup to 85.0 °F 

eff=100,EER=8.9
Economizer?/type no/NA
luct leaks/conduction losses, total % 2/0
leak Gains; IL,EL,HW,OT; W/ft2 1.78/0.33/0.26/1.52
Added mass? none
Baylighting? no
Infiltration, in2 ELA=1004.4

Results:
■Energy cost 1.120$/Therm, 
limulation dates 
Energy use, kBtu 
Energy cost, $ 
laved by daylighting, kWh 
|otal Electric, kWh 
Internal/External lights, 1 

-Heating/Cooling/Fan, kWh 
|Hot water/Other, kWh 
Ipeak Electric, kW 
Fuel, hw/heat/total, kBtu 
emissions, C02/S02/N0X, lbs 
■onstruction Costs 
life-Cycle Cost

.105$/kWh,0.000$/kW
01-Jan to 31-Dec 

1467386 
45144

430028
ih 93871/19602

13298/114815/39291 
19752/129400 

125.2 
0/0/0

577958/3397/1763
1612283

0

-  )
00-Jan to 00-Jan 

NA 
NA 
NA 
NA 
NA 
NC 
NC 
NA 
NC 
NA 

0 
0
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Additional Program Information
Medical Program Area Details

OPERATIONS
1 2 X 1 3

MANAGER
1 2 X 1 3

5x**
MULTI-PURPOSE

2 3 X 1 3

Fig. D1
Program Plan

Pod A: Administration

HOSPITALITY
2 0 X 1 0

SOILED
HOLD

STORAGE
2 0 X 4

WOMEN
1 3 X 1 0

CLEAN

I s

pUD

MEEHNG
3 0 X 2 6 '

MEN
1 3 X 1 0

STAFF UOUNGE 
1 0 X 1 3

The administration pod houses the offices and support functions for the day to da 
operations of the entire medical facility. The director and operations manager along 
with support staff would be situated in this section of the building.

In addition, several large meeting spaces and a staff lounge are available for use 
by any of the other program areas in the building or by the general public for communh 
events. A listing of the required program spaces are listed below along with their basic 
size and square footage requirements:

• Primary corridor
• Conference/Multi-purpose Room [3 0 'x 26') = 780 ft2

- Kitchenette [ 14 'x5 ') = 70 ft2
- Storage [2 0 'x 4') = 80 ft2

• Hospitality room [2 0 'x 10') = 200 ft2
• Multi-purpose room (26 'x 15') = 390 ft2

- Storage [1 6 'x 4') = 64 ft2
• (2) General offices (10 'x 10') = 100 ft2
• Telecommunications (8 'x  10') = 80 ft2
• Soiled holding (7 'x 8') = 56 ft2
• Clean storage (7 'x 8 ) = 56 ft2
• Staff kitchen/lounge (18 'x 16') = 288 ft2
• Operations office [ 13 'x 15') = 195 ft2
• Manager's office (12' x 15') = 180 ft2
• Janitor (4 'x  10') = 40 ft2
• Men's restroom (15 'x 10') = 150 ft2
• Women's restroom (15 'x 10') = 150 ft2
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Additional Program Information
Medical Program Area Details

Fig. D2 
Program Plan

WAITING
2SX.23

5 6

E h

EXAM EXAM MD OFFICE OR MO
1 0 X 1 0 1 0 X 1 0 1 0 X 1 0 1 2 X 1 0

ADMITTING
2 5 X 1 3

OBSERVATION
1 9 X 1 2

OBSERVATION
1 5 X 1 2

RECORDS
9 X 1 5

,3% TRIAGE
1 9 X 1 0

EXAM
10X 10

EXAM10X10 EXAM10X10

EXAM
10X10

Pod B: Urgent Care

The urgent care pod houses 6 exam rooms, 2 triage areas, 2 observation rooms 
and 2 doctor's offices. A large central nursing station and support facilities are located 
near the center of this pod for easy access to all rooms in this section of the building. A 
large waiting area with admitting and records provides the patient processing necessary 
to support the medical functions associated with the urgent care. A listing of the sup
plied program spaces are listed below along with their basic size and square footage 
requirements:

. Waiting (45' x 20') = 900ft2
• Kid's play area (12'x 10') = 120 ft2
• Records/admitting (24 'x 12') = 288 ft2
• Director's office (10 'x 12') = 120 ft2
• (2) MD offices (10 'x 10') = 100 ft2 
. Staff lounge (20' x 10') = 200 ft2
. (2) Triage (10' x 10') = 100 ft2
. (6) Exam (10 'x 10') = 100 ft2
• (2) Observation (12'x 15') = 180 ft2
• Nurses station (24 'x 15') = 360 ft2 
. Ortho/cast (12 'x 12') = 144 ft2
• Procedure f 10 'x 16) = 160 ft2
• (2) Storage (12' x 6') = 72 ft2
• Clean storage f 14'x 8 zJ = 112 ft2
• Dirty utility f7/7x87 = 80 ft2
• (2) Toilet (8 'x 5') = 40 ft2
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Additional Program Information
Medical Program Area Details

Fig. D3 
Program Plan

Pod C: Special Clinic

The special clinic pod houses 5 exam rooms, 2 procedure rooms, 2 lab areas anc 
2 doctor's offices, A large central nursing station and support facilities are located near 
the center of this pod for easy access to all rooms in this section of the building. A large 
waiting area with admitting and records provides the patient processing necessary to 
support the medical functions associated with the special clinic. A listing of the supplied 
program spaces are listed below along with their basic size and square footage 
requirements:

• Waiting room (20 'x 40') = 800ft2
• Reception/admitting (14 'x 20') = 180 ft2
• Daily filing (15 'x 4 ) = 60 ft2
• Records room [1 0 'x 10') = 100 ft2
• (5) exam rooms [ 10 'x 10') = 100 ft2
• (2) MD offices (10 'x 10') = 100 ft2
• (2) Procedure rooms (l 4' x l O') = 140 ft2 
. Storage (6 'x  10') = 60 ft2
• Nurses station (15'x 15') = 225 ft2 
. Lab (12'x 10") = 120 ft2
• (2) Prep areas (10'x 3') = 30 ft2
. (2 ) Toilet f5 'x 87 = 40 ft2

D-4



Additional Program Information
Medical Program Area Details

Fig. D4 
Program Plan R&F

19 X 1 4

CONTROL
ZXfl1

rauFMBvr

R 9 F
19X 14

TOUT
9 X 9

CONTROL
9 X 1 0

C I.X X N
2 9 X 1 0

STORAGE
1 7 X 9 m 35?

ADMTTNG
19X21'

LflB
3 9 X 1 9

TOUT
1 0 X 9

V»V/ 
PTLEB, 
lO  X1T

ACME FILM 
2 0 X 1 9

SOUDHOD
1 0 X 9

FIMPROC.
1 0 X 9

VtFWTIS
19X 10

WChVXDRKROOM
19X 14

WVBNG
19X 29

STRESS
19X19

X - R A Y

13X 19

Pod D: Radiology

The radiology pod houses larger spaces than the previous medical pods. Most ot 
the functions in this area consist of large testing rooms which require large machinery. 
The waiting and admitting areas for this pod is much smaller than other pods due to the 
smaller patient size. A long corridor connects all program functions which include x-ray 
and stress with a viewing and tech work areas, an active film room with support facilities, 
a lab, two R&F labs with dedicated control rooms, a CT scan lab and dressing rooms. A 
listing of the supplied program spaces are listed below along with their basic size and 
square footage requirements:

. Waiting (25'x 15') = 375ft2 

. Sub-wait (12'x 10'] = 120 ft2
• Admitting (25'x 18] = 450 ft2
• Work area (18'x 10] = 180 ft2 
. Stress (15'x 18] = 270 ft2
• X-Ray (13'x 18] = 234 ft2 
. Storage (15'x 7] = 105 ft2
• Equipment (18'x 7] = 126 ft2
• Radiology (18'x 14] = 252 ft2

- Control f8 'x S) = 64 ft2
• R8l F(18'x 14] = 252 ft2

- Control f8zx 8) = 64 ft2

View/phlebotomy (10'x 10] = 100 ft2 
Active film (16'x 20] = 320 ft2 
Film processing (7 'x 10] = 70 ft2 
Soiled holding (7 'x 10] = 70 ft2 
Lab (12' x 28] =  336 ft2 
Testing room (20'x 10] = 200 ft2 
Viewing (9'x 18] = 162 ft2 
Tech work room (14'x 18] = 252 ft2 
(3) Toilet f8'x 57 = 40 ft2
(3) Storage (10'x 5 ] = 50 ft2
(4) Dressing f6zx 57 = 30 ft2 
C.T. scan (28'x 16] = 448 ft2

- Control (8'x 10] = 80 ft2
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Additional Program Information
Medical Program Area Details

TOILET
S X S

TOILET
5 X 8

WAITING
1 7 X 1 2

PREP.
AREA

10 X 1 T

WORKROOM14X10

darktkxM
8 X 8

MAMMO 
1TX 13

DRESS
5 X 5

DRESS
8 X 8

DRESS
5 X 5

DRESS
5 X 5

Fig. D5
Program Plan

Pod E: M am m ography

The mammography pod is the smallest program area in the building. It consists c 
a small waiting room adjacent to the radiology pod, a staff work room, two toilets and c 
dark room. The mammo exam lab and four dressing rooms are served by a large open 
prep area which serves as both a staging area and a circulation space. A listing of the 
supplied program spaces are listed below along with their basic size and square footage 
requirements:

• Work area (14 'x 10') = 140 ft2
• Ultrasound (18 'x 12') = 216 ft2
• Mammogram (13 'x 10') = 130 ft2
• Dark room (8 'x 8') = 64 ft2
• (4) Dressing (6 'x 5') = 30 ft2 
. Sub-wait (10 'x 10') = 100 ft2
• Storage (6 'x 10') = 60 ft2



Additional Program Information
Medical Program Area Details

Fig. 06 
Program Plan

Pod F-K: Physician Offices

To complement the clinic and lab portion of the medical facility, six private of
fices would be leased out to independent physicians. All six offices would be identical, 
but could be altered slightly to serve the specific practices of each practitioner. Each 
would have 3 exam rooms, a MD office, procedure lab, two storage rooms, one toilet, 
a waiting area with admitting and records room. A central nurses station would be 
supported by a lab, prep area and staff lounge. A listing of the supplied program 
spaces are listed below along with their basic size and square footage requirements:

• Waiting (16 'x 16') = 256 ft2
• Reception/admitting (10 'x 10'] = 100 ft2
• File area (10 'x 10'] = 100 ft2
• Nurses station (12 'x 12'] = 144 ft2
• MD office (10 'x 10'] = 100 ft2
• (3) Exam room (10 'x 10'] = 100 ft2
• Procedure f70'x 14'] = 140 ft2
• Break room/kitchenette (8 'x 20'] = 160 ft2
• Prep area (12 'x4 '] = 64 ft2
• Lab area (8 'x 8'] = 64 ft2 
. Supply f6'x5'J = 64 ft2
• Toilet (8 'x 57 = 40 ft2
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Additional Program Information
Fig. D7 - LEED Certification Criteria

L E E D

Project Checklist
Sustainable Sites u possible Points

[ 3  Pieeeq 1

n n  n  •
□  □  □  (JmcilJ
□  □ □  tm»U 
□ □  n  Ovett t.i 
I 11 I I I O r t l l  4.2

□  □  CU  4.3 

I I I I Oectl 4.4

]  Cracil 5.1

□  □  □  ( jw l l  5.2

]  tm l lO . I

O D D  Q1**16-2□ □□
□  □  □  ( l^ t l7 .2

□  □  □  «

Erosion & Sedimentation Control Retailed
Site Selection I
Urban Redevelopment 1
Brownfield Redevelopment I
Alternative Transportation PeUic Irampcrution Aoceh 1
Alternative Transportation Bic>vU 5t< fa y  & Changing Ki» 1
Alternative Transportation AhrmaiKe iwflVe-hidet I

Alternative Transportation forking Capacity I
Reduced Site Disturbance, ftt* * t  Rnfcmr (Jpm space I

Reduced Site Disturbance. Develo|jmee< Footprint I

Stormwater .Management Rate and quantity l
Stormwater .Management In iinimi I

Landscape & Exterior Design to Reduce Heat Islands. vonRccf I 

Landscape & Exterior Design to Reduce Heal Islands. R<»4 I 

Light Pollution Reduction I

W ater Efficiency 5 FWibie Points
Q  D  [ 3  creat l.l Water Efficient Landscaping Reduce by 50% I

2| (irvii 1.2 Water Efficient Landscaping Mo I’ntaNeU«-cr No Irrigation I

] j  O x t12 Innovative Wastewater Technologies 1

Q  Q  [2J Water Use Reduction 2 0 % Redaction l
n C  n  Crodt3.2 Water Use Reduction 30%Roduciion I

Energy &  Atmosphere 17 Possible Points

[71 1

[Y l IV » « j 2

[ v l  I'lrirc^ 3

I 11 I I I (>txll I

□  □ □  (jrodl 2 .1

□  □ □  fjrxll2.2
□  □  □  Crodt 2.3

]  Crodt 3 

I I I  I I I Crodl 1 

I 11 I Q  Crodt 5 

D I D  d  Crodt6

Fundamental Building Sy stems Commissioning 

Minimum Energy Performance 

CFC Reduction in HVAC&R Equipment 

Optimize Energy Performance 

Renewable Energy, 5".

Renewable Energy ten,,

Renewable Energy 2cn„

Additional Commissioning 

Ozone Depletion 

Measurement & Verification 
Green Power

RrM |.||»rtl 

Rr'ipjird 
tv'HiesI 
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LEED,M Rating System Version 2.1
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Additional Program Information
Fig. D8 - LEED Certification Criteria
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Building Thermal Component Detail

Door Construction - North

Door Type: UjeeT 3
U-value

,r* Use derived U-value 
Btu/hr-fP-F

Rough Frame Opening Size

Width
inches

Height
inches

Area
ft2

P  * [ 9 6 24.00

Use supplied U-value 
Btu/hr-ff-F I

OK

Cancel

Modify

U
Btu/hr-ff-F

Area
ft2

New

Remove

122.00 Help

Fig. E l - Door Construction Assembly

Roof Construction -
i ’ .... i r i y

Roof T y p e : [composite roof ▼ |

R = 48.79 
U = 0.021

Roof Cross Section -1

%  of Roof 
A re a :

hoo R:
h ff-F /B

R-value to Use

'• Derived R-value 

h-ff-F/Blu

|  f"  User-supplied R-value 

h-fP-F/Btu

Roof Cross Section - 2

48.79 Cancel

New

Modify

Rem ove

Help

MaterialLayers 

outside outside air film 

2

inches

perlite

sheathing

concrete

steel

fbeigla

ceiing air space

drywal

horz inside air film 

Total Thickness

) po
I rit

S
E

Q E

Layer 
U-value

U - 5.881

%  of Roof 
A re a :

Layers

h (P f /B tu  3 5 4
Duplicate S I

Material
Thickness Air Layer 

inches U-value

outside outside air film 

2 plaster

0.75

12.00

i [3&00 | U - 1 0 0

10.50

I 10.00 [U= 1.32

steelstud

ceiing air space 0.00
gypboard

inside air film

i17.25000( Total Thickness 14.080000

U» 5 88

U = 1 .0 0

U-1.47

Fig. E2 - Roof Construction Assembly
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Building Thermal Component Detail

W a ll  C o n s t i n o t io n  - N o i t h B 0
Wall Type: [masonry wall _w j

R
U

14.75
0.068

R-value to U se
Derived R-value 
h-IP-F/Btu
User-supplied R-value 
h-fP-F/Btu

14.75 Cancel

New

Modify

Remove

Wall Cross Section -1
fTocT% of Wall 

Area:

Layers
outside

2
3
4
5
6
7
8 
9

Material 
outside air film 
block
dead air film 
rigid
inside air film

14 75

Thick nes; 
inches

! Air Layer 
U-value

[o.oo |U= 5.88
f4.00
]1.00 ]U-1 50
|3.00
fb.oo (U-1.47

r

Wall Cross Section - 2 

0.00

Help

% of Wall 
Area: 3.35 Duplicate SI

Material 
outside air film 
gypboard

Air Layer 
U-value

l o r
Total Thickness moGXoa Total Thickness 5.760000

Fig. E3 - Wall Construction Assembly w/ 
3” Rigid Ext. Insulation

Wall Constiuction - Noith

Wall Type : [masonry wall2 jv-j

R = 6.41 
U = 0.16

Wall Cross Section -1
177.8

\
R-value to Use

f* Derived R-value 
h-fP-F/Btu

tf User-supplied R-value 
h-fP-F/Btu

5.33 Cancel

New

M odify

Remos

Wall Cross Section - 2
Help

% of Wall 
Area:

R:
h-fPf/Blu

Layers Material

% of Wall 
Area:

R:
h-fP F/Btu

3.35 Duplicate SI

Layer
-value Layers Material

Air Layer 
U value

outside outside air film
2 block
3 dead air fim
4 rigid
5 inside air film
6
7 r
8 r IQ I
9 r

|ooo ||U= 5.88

(Too |U> 1.50
ji.oo
|000

r
[U-1.47

outside outside air film
2

Total Thickness [8 630000 Total Thickness [5.760000

£-3

Fig. E4- Wall Construction Assembly w 
1" Rigid Ext. Insulation



Building Thermal Component Detail

Fig. E5- Wall Construction Assembly w/
no Ext. Insulation
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U n tit le dI
Thesis -  Physician O ff ic e  A&D BY: M ichael K o le j CALPAS3 V3.12 License: PC0201

Jrucson, ARIZONA w eather: TUCSON.AZ (Tucson a z  ETMY)

S U M M A R Y  Run perio d : JAN-01 -  DEC-31 Conditioned f lo o r  a rea: 4050 s f

I
SPACE CONDITIONING LOADS Run to ta ls

r
House

V e n t i1a tio n
I  Cooling
|  Heating

I
NERGY CONSUMPTION

E le c t r ic i t y  

Fans
House vent 

House cooling  

T o ta l 

Fuel

House heating  

B u ild in g  to ta l

BERATING COSTS

E le c t r ic i t y  @ 0.11 S/kwh 
Fuel @ 0.0112 $/kB tu

T o ta l

$
$

831
14

845 ($ 0 .2 1 /s f )

Peaks

kBtu k B tu /s f kBtuh

59883
95303

767

14.786
23.532

0 .189
70.467
84.381

Run to ta ls Peaks

kWh; kBtu
Prop l in e  

k B tu /s f
Source

k B tu /s f kw; kBtuh

745 0 .628 1 .8 8 4

6811 5.739 17.218 5.036

7556 6 .367 19.102

1278 0.315 0.315 140.635

6.683 19.417

Note: CALPAS3 is  the p ro p erty  o f  and is  licen sed  by Berkeley S o lar Group, 3140
B /la rtin  Luther King J r . Way, B erke ley, CA 94703 (415 8 43 -7 6 00 ). c o rre c t a p p lic a 
t i o n  and o p era tio n  o f  CALPAS3 is  the re s p o n s ib il ity  o f  the user. A ctual b u ild in g  
"performance may d e v ia te  from CALPAS3 p re d ic tio n s  due to  d iffe re n c e s  between 

actu a l and assumed w eather, c o n s tru c tio n , or occupancy. CALPAS3 is  c e r t i f ie d
■for C a l ifo r n ia  energy code compliance when used in  accordance w ith  the BSG 
[p u b lic a t io n  "using calPAS3 w ith  the C a l ifo r n ia  R e s id e n tia l B u ild ing  s tan d ard s ."



U n tit le dI
Thesis -  Physician O ff ic e  B&E BY: Michael K o le j CALPAS3 V3.12 License: PC0201

grucson, ARIZONA w eather: TUCSON.AZ (Tucson AZ ETMY)

S U M M A R Y  Run perio d : 3AN-01 -  DEC-31 Conditioned f lo o r  a rea : 3920 s f

I
SPACE CONDITIONING LOADS Run to ta ls

E le c tr i  ci ty  

Fans

PERATING COSTS

kWh; kBtu
Prop l in e  

k B tu /s f
source

k B tu /s f

House ven t 710 0 .618 1 .853

House coo ling 6328 5.510 16.529

T o ta l 7038 6 .127 18.382

Fuel

House heating 1126 0 .287 0 .287

B u ild in g  to ta l 6 .415 18.669

Peaks
---------------_ -----------

kBtu k B tu /s f kBtuh

House
■ V e n t i la t io n 55586 14.180
I  Cooling 88549 22.589 65.309
■ Heating 676 0.172 74.516

E nergy consumption Run to ta ls Peaks

kw; kBtuh

4 .667

124.194

E le c t r ic i t y  @ 0 .1 1  $/kWh 
Fuel @ 0.0112 $ /kB tu

T o ta l

$
$

774
13

787 ($ 0 .2 /s f )

jMote: CALPAS3 is  the  p ro p erty  o f  and is  licensed  by Berkeley s o la r Group, 3140
M a r t in  Luther King J r . Way, B erke ley, CA 94703 (415 8 43 -7 6 00 ). C orrect a p p lic a 
t i o n  and o p era tio n  o f CALPAS3 is  the re s p o n s ib il ity  o f  the  user. Actual b u ild in g  

performance may d e v ia te  from CALPAS3 p re d ic tio n s  due to  d iffe re n c e s  between 
-a c tu a l and assumed w eather, c o n s tru c tio n , or occupancy. CALPAS3 is  c e r t i f ie d  
■for C a l ifo r n ia  energy code compliance when used in  accordance w ith  the BSG 
^ p u b lic a tio n  "Using CALpas3 w ith  the C a lifo r n ia  R e s id e n tia l B u ild in g  S tandards."



U n tit le d

VThesis -  physic ian  

pucson, ARIZONA 

S U M M A R Y

O ff ic e  C&F BY: Michael K o le j CALPAS3 V3.12 License: PC0201

Weather: tucso n .AZ (Tucson a z  etmy)  

Run perio d : JAN-01 -  dec- 31 cond itioned  f lo o r  a rea : 4050 s f

SPACE CONDITIONING LOADS Run to ta ls Peaks

1 — kBtu k B tu /s f kBtuh

House
■ V e n t i1a tio n
1 Cooling
■ Heating

^NERGY CONSUMPTION

52254
89731

1135

12.902  
22.156  

0 .280

Run to ta ls

66.372  
81.668

Peaks

kWh; kBtu
Prop l in e  

k B tu /s f
Source

k B tu /s f kw; kBtuh

1 E le c t r ic i t y  

m Fans
|  House vent 675 0 .569 1 .707

House cooling 6412 5.404 16.212 4.743

1 T o ta l 7088 5.973 17.919

Fuel

1 House heating 1892 0 .467 . 0 .467 136.114
g

B u ild in g  to ta l 6 .440 18.386

|>PERATING COSTS

■ E le c t r ic i t y  @ 0 .1 1  $/kWh
I  Fuel @ 0.0112 $/kB tu

T o ta l

I

$ 780
$ 21
$ 801 ($ 0 .2 /s f )

p lote: calpas3 is  the  p ro p erty  o f  and is  licen sed  by Berkeley S o lar Group, 3140
■ a r t in  Luther King J r .  Way, B erke ley, CA 94703 (415 8 43 -7 6 00 ). C orrect a p p lic a 
t i o n  and o p era tio n  o f  CALPAS3 is  the  r e s p o n s ib il ity  o f  the  user. Actual b u ild in g  
performance may d e v ia te  from CALPAS3 p re d ic tio n s  due to  d iffe re n c e s  between 

Victual and assumed w eather, c o n s tru c tio n , or occupancy. CALPAS3 is  c e r t i f ie d
t o r  C a l ifo r n ia  energy code compliance when used in  accordance w ith  the BSG 
^p u b lica tion  "Using CALPAS3 w ith  the C a lifo r n ia  R e s id e n tia l B u ild ing  S tandards."



U n tit le d

I
l
Thesis -  A d m in is tra tio n  BY: M ichael K o le jka  CALPAS3 V3.12 License: PC0201 

|rucson, ARIZONA w eather: TUCSON.AZ (Tucson AZ ETMY) 

S U M M A R Y  Run p erio d : JAN-01 -  DEC-31 Conditioned f lo o r  a rea: 3552 s f

F
SPACE CONDITIONING LOADS Run to ta ls Peaks

[ kBtu k B tu /s f kBtuh

House
v e n t i1a tio n  

I  coo ling
|  Heating

46749
85199

1355

13.161
23.986

0 .3 8 1
64.426
80.658

feNERGY CONSUMPTION Run to ta ls Peaks
r

kwh; kBtu
Prop l in e  

k B tu /s f
Source

k B tu /s f kw; kBtuh

|  E le c t r ic i t y

Fans
1 House vent 673 0 .646 1 .939

” House coo ling 6089 5.850 17.551 4 .604

|  T o ta l 6761 6 .497 19.490

■ Fuel

■ House heating 2258 0 .636 0 .636 134.430

■ Bui1ding to ta l 7 .133 20.126

| dperating  costs

-  E le c t r ic i t y  @ 0 .1 1  $/kWh
I  Fuel @ 0.0112 $/kB tu
1

$
$

744
25

T o ta l $ 769 ($ 0 .2 2 /s f )

I
Note: c a lPAS3 is  the p ro p erty  o f  and is  licen sed  by Berkeley S o lar Group, 3140

■viartin Luther King J r .  Way, B erke ley, CA 94703 (415 8 43 -7 6 00 ). C o rrect a p p lic a 
t i o n  and o p era tio n  o f CALPAS3 is  the  re s p o n s ib il ity  o f  th e  user. Actual b u ild in g  

performance may d e v ia te  from CALPAS3 p re d ic tio n s  due to  d iffe re n c e s  between 
actua l and assumed w eather, c o n s tru c tio n , or occupancy. CALPAS3 is  c e r t i f ie d  

■for C a l ifo r n ia  energy code compliance when used in  accordance w ith  the BSG 
|p u b lic a t io n

I W  V- M  X_ i  y  v -x y  v i x ,  x - x y iu x ,  i  i  x*.i i x - x -  v h i i x . i i  x i ^ x - x ,  • . i  x .

'Using calpas3 w ith  the  C a l ifo r n ia  R e s id e n tia l B u ild ing  Standards.

Page 1



U n tit le d
[
Thesis -  Radiology BY: Michael K o le jka  

jrucson, Arizona

S U M M A R Y  Run perio d : 3AN-01 -

CALPAS3 V3.12 License: PC0201 

Weather: tucson.AZ (Tucson AZ etmy)  

DEC-31 Conditioned f lo o r  a rea : 5537 s f

r

i

SPACE CONDITIONING LOADS Run to ta ls Peaks

1 kBtu k B tu /s f kBtuh

House
» v e n ti 1 a t i  on
I  co o lin g
R Heating

85931
125353

324

15.519
22.639

0 .059
89 .551
70.860

^ENERGY CONSUMPTION Run to ta ls Peaks
R- ----------

kwh ; kBtu
Prop l in e  

k B tu /s f
Source

k B tu /s f kw; kBtuh

1 E le c t r ic i t y

Fans
1 House vent 1037 0 .639 1 .918

House coo ling 8958 5.522 16.565 6 .400

|  T o ta l 9995 6 .1 6 1 18.483

■ Fuel

1 House heating 540 0 .098 0 .098 118.099

"  B u ild in g  to ta l 6 .259 18.580

O pe r a tin g  costs

m E le c t r ic i t y  @ 0 . 1 1  S/kwh
I  Fuel @ 0.0112 $ /kB tu

$ 1099
$ 6

T o ta l $ 1106 ($ 0 .2 /s f )

JMote: CALPAS3 is  the p ro p erty  o f  and is  licensed  by Berkeley s o la r Group, 3140
w a r t in  Luther King 3 r . Way, B erke ley, CA 94703 (415 8 43 -7 6 00 ). C orrect a p p lic a 
t i o n  and o p era tio n  o f  CALPAS3 is  the re s p o n s ib il ity  o f  the  user. A ctual b u ild in g  
performance may d e v ia te  from CALPAS3 p re d ic tio n s  due to  d iffe re n c e s  between 

^actual and assumed w eather, c o n s tru c tio n , or occupancy. CALPAS3 is  c e r t i f ie d  
I f  o r C a l ifo r n ia  energy code compliance when used in  accordance w ith  the  BSG 
[p u b lic a t io n  "Using CALPAS3 w ith  the  C a lifo r n ia  R e s id e n tia l B u ild ing  S tandards."



U n tit le dI
Thesis -  MG&Spec-Clinic BY: Michael K o le jka  CALPAS3 V3.12 License: PC0201

|rucson, ARIZONA w eather: tucson .AZ (Tucson AZ etmy)

S U M M A R Y  Run perio d : JAN-01 -  DEC-31 Conditioned f lo o r  a rea : 5764 s f

I
SPACE CONDITIONING LOADS

House
V e n t i1a tio n  
Cooling  
Heating

NERGY CONSUMPTION

E le c t r ic i t y  

Fans
House vent 

House coo ling  

T o ta l 

Fuel

House heating  

B u ild in g  to ta l

PERATING COSTS

Run to ta ls

E le c t r ic i t y  @ 0 .1 1  $/kWh 
Fuel @ 0.0112 S/kBtu

T o ta l

$
$

1144
29

1173 ($ 0 .2 /s f )

Peaks

kBtu k B tu /s f kBtuh

75772 13.146
132341 22.960 94.269

1566 0 .272 117.745

Run to ta ls Peaks

kWh; kBtu
Prop l in e  

k B tu /s f
Source

k B tu /s f kW; kBtuh

943 0 .559 1 .676

9457 5.600 16.800 6 .737

10401 6 .159 18.476

2609 0 .453 0.453 196.242

6 .611 18.928

j lo te :  CALPAS3 is  the p ro p erty  o f  and is  licen sed  by B erkeley S o lar Group, 3140 
M a r t in  Luther King J r . Way, B erke ley, CA 94703 (415 8 43 -7 6 00 ). C orrect a p p lic a 
t i o n  and o p era tio n  o f  CALPAS3 is  the re s p o n s ib il ity  o f  the  user. Actual b u ild in g  
performance may d e v ia te  from CALPAS3 p re d ic tio n s  due to  d iffe re n c e s  between 

V ictual and assumed w eather, c o n s tru c tio n , or occupancy. CALPAS3 is  c e r t i f ie d  
f o r  C a l ifo r n ia  energy code compliance when used in  accordance w ith  the BSG 
p u b lic a t io n  "using CALPAS3 w ith  the  C a lifo r n ia  R e s id e n tia l B u ild ing  S tandards."



U n t it le d

I

I
Thesis -  urgent care BY: Michael K o le jka CALPAS3 V3.12 License: PC0201

■Tucson, ARIZONA Weather : TUCSON.AZ (Tucson AZ ETMY)

S U M M A R Y  Run perio d : JAN-01 -- dec- 31 Conditioned f lo o r  a rea: 4815 s f

1
SPACE CONDITIONING LOADS Run to ta ls Peaks

kBtu k B tu /s f '  kBtuh
■

House
V e n t i la t io n  

V Cooling
|  Heating

68091
112265

1030

14.142
23.316

0 .214
83.432
91.429

■energy consumption Run to ta ls Peaks
r

kwh■ ; kBtu
Prop l in e  

k B tu /s f
Source

k B tu /s f kw; kBtuh

I E le c t r ic i t y

Fans
|  House vent 941 0 .667 2 .001

" House coo ling 8023 5.687 17.060 5.962

e T o ta l 8964 6 .354 19.061

■ Fuel

■ House heating 1717 0 .357 0 .357 152.382

1 B u ild in g  to ta l 6 .710 19.418

JjPERATING COSTS

_ E le c t r ic i t y  @ 0 .1 1  $/kWh
1 Fuel @ 0 .0112 S/kBtu

$ 986
$ 19

T o ta l $ 1005 ($ 0 -2 1 /s f )

I
Note: CALPAS3 is  the  p ro p erty  o f  and is  licen sed  by Berkeley s o la r Group, 3140

■M artin  Luther King J r . Way, B erke ley, CA 94703 (415 8 43 -7 6 00 ). C o rrect a p p lic a 
t i o n  and o p era tio n  o f  CALPAS3 is  the re s p o n s ib il ity  o f  the  user. Actual b u ild in g  
"performance may d e v ia te  from CALPAS3 p re d ic tio n s  due to  d iffe re n c e s  between 

actual and assumed w eather, c o n s tru c tio n , or occupancy. CALPAS3 is  c e r t i f ie d
■ fo r C a l ifo r n ia  energy code compliance when used in  accordance w ith  the BSG 
^ p u b lic a tio n  "Using CALPAS3 w ith  the  C a lifo r n ia  R e s id e n tia l B u ild ing  s tandards."

Page 1



Calpas Simulation Results 
Thermal Energy Balance Data Chart

Fig. E8

n n
L=::

n

vi

Gains & Losses
Square Feet Conduction Inflllratlon Solar Gain Thermal Mass

Physician Office A & D 4,050 (27,033) (27,291) 26,747 349
Physician Office B & E 3,840 (22,229) (26,256) 15,822 333
Physician Office C & F 4,050 (23,233) (26,451) 8,629 263
Administration 3,552 (17,021) (22,842) 10,904 213
Radiology 5,537 (19,912) (38,420) 20,402 584
Urgent Care 4,815 (25,514) (31,916) 20,491 360
Spec. Clinic & Mammo. 5,764 (25,359) (38,115) 11,202 309

Transfers
Ventilation Cooling Heating

Physician Office A & D (59,883) (95,303) 767
Physician Office B 8c E (55,586) (88,549) 676
Physician Office C 8c F (52,254) (89,731) 1,135
Administration (46,749) (85,199) 1,355
Radiology (85,931) (125,353) 324
Urgent Care (68,091) (112,265) 1,030
Spec. Clinic 8c Mammo. (75,772) (132,341) 1,566

*** Parenthesis denote negative number***

Interna] Gain

181.630 
175,775
181.630 
159,331 
248,277 
215,888 
258,492

E-7
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Therm al Energy Balance

KBtu
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Internal Gain
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Thermal Mass

584

Physician Physician Physician Administration Radiology Urgent Care Spec. Clinic & 
Office A S D Office B & E Office C & F Mammo.
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■Thesis -  Physician O ff ic e  A&D BY: Michael K o le j CALPAS3 V3.12 License: PC0201 

Tucson, ARIZONA Weather: TUCSON.AZ (Tucson AZ ETMY)

f

I-

N T H L Y H O U S E  1E N E R G Y  B ,A L A I N C E (kB tu ; + in to house)

GAINS & LOSSES TRANSFERS

COND SHCND IN F IL SLR TNT :STRG RB+SS VENT COOL HEAT

-10108 -7 8 4 2 .9 5476.7 15426 -362 -2 6 5 5 .1  0 84.260
-8 9 8 3 .4 -7 0 50 .2 4313.6 13933 140 -2 4 4 8 .4  0 87.395
-6 3 7 6 .9 -5 3 2 3 .6 2371.7 15426 -344 -5757 .3  0 16.605
-2 7 8 3 .6 -2 7 3 3 .6 1159.9 14928 -151 -8 5 2 1 .6  -1 8 9 5 .9 0

921 .41 -1 3 0 .9 5 0 15426 -!96.7 -7 9 5 8 .0  -8 1 5 4 .7 0
5633.9 3289.3 0 14928 •-118 -3 7 20 .3  -20012 0
5911.2 3610.4 0 15426 112 -1 2 2 4 .7  -23836 0
5149.4 3011.8 0 15426 -132 -1 2 0 5 .3  -22250 0
2932 .4 1483.8 779 .72 14928 131 -4 4 9 9 .4  -15758 0

-1 6 4 0 .7 -1 8 7 5 .7 2186.8 15426 -!95.6 -10602 -3 3 9 7 .6 0
-7 4 7 8 .5 -5 9 0 3 .0 4867.5 14928 688 -7 1 2 5 .9  0 0

-10211 -7 8 2 5 .9 5591.3 15426 576 -4 1 65 .2  0 578.29

-27033 -27291 26747 181630 349 -59883 -95303 766.55

N T H L Y C O N D I T I O N S (U n its  as shown)

TEMPERATURES (F ) WTHR: (F; B tu /s f) PEAKS CkBtuh)

THE THH THM TSL TSH TSM DBL DBH DBM SGL HSCL/DY HSHT/DY SSCL/DY SSHT/DY

70 74 72 41 63 51 1085 0 32 .6  6
70 74 72 38 66 52 1425 0 35.5 21
72 76 74 45 74 60 1871 0 1 6 .6  22
72 77 74 51 81 67 2386 -4 1 .9 15 0
72 76 74 56 88 74 2692 -5 3 .6 12 0
74 76 76 70 97 85 2719 -7 0 .5 25 0
76 76 76 75 97 85 2308 -6 6 .0 5 0
76 76 76 74 95 84 2184 -5 9 .3 6 0
74 76 76 70 90 80 1960 -5 4 .9 16 0
73 78 75 58 83 70 1632 -4 4 .0 2 0
72 76 74 47 70 58 1204 0 0
70 74 72 41 65 52 1012 0 8 4 .4  30

73 76 74 56 81 68 1875 -7 0 .5 8 4 .4

JAN
Ĵ EB
WAR
*XPR
MAY
JUN
fcUL
FUG
SEP
OCT

■MOV
|)EC

TOT

{

I

FAN
WEB
MAR
X̂PR

WAY
■JUN
JUL

JXUG

I "
NOV

JDEC

FOT
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rhesis -  Physic ian  O ff ic e  B&E BY: Michael K o le j CALPAS3 V3.12 License: PC0201 

rucson, ARIZONA Weather: TUCSON.AZ (Tucson AZ ETMY)

O N T H L Y  H O U S E  E N E R G Y  B A L A N C E (kBtu; + in to  house)

GAINS & LOSSES TRANSFERS

COND SHCND IN F IL SLR INT STRG RB+SS VENT COOL HEAT

-8 4 8 0 .7 -7 5 2 5 .3 3251.0 14929 -392 -1 8 46 .6 0 86.153
-7 5 78 .5 -6 7 9 4 .4 2552.2 13484 141 -1 876 .9 0 64.873
-5 3 9 5 .8 -5 1 6 8 .6 1395 .4 14929 -334 -5414 .2 0 0 .536
-2 3 0 2 .6 -2 6 3 2 .9 677.83 14447 -163 -8 411 .8 -1 6 1 2 .1 0

838.35 -1 2 3 .9 8 0 14929 - 96.3 -8 0 39 .7 -7 5 0 0 .0 0
4860.8 3185.4 0 14447 -119 -3696 .2 -18676 0
5088.8 3495.2 0 14929 110 -1 2 1 5 .9 -22408 0
4448.3 2915.7 0 14929 -131 -1 2 2 3 .1 -20938 0
2559 .7 1439 .1 453.13 14447 131 -4 4 97 .6 -14534 0

-1 2 9 6 .3 -1 7 83 .2 1285.9 14929 - 62 .0 -10192 -2 8 8 0 .8 0
-6 3 0 4 .2 -5 6 8 7 .6 2886 .1 14447 693 -6058 .2 0 0
-8 6 6 7 .3 -7 5 7 5 .3 3320.0 14929 555 -3 1 14 .0 0 524.05

-22229 -26256 15822 175775 333 -55586 -88549 675.61

N T H L Y C O N D I T I O N S (U n its  as shown)

TEMPERATURES (F ) WTHR (F; B tu /s f) PEAKS (kBtuh)

3 AN 
J=EB 
|1AR 
KKPR 
MAY 

JUN 
|)UL 
FUG 
SEP 
OCT 

Ixiov 
|>EC

i l

l

MON THH THM TSL TSH TSM DBL DBH DBM SGL HSCL/DY HSHT/DY

BAN 70 73 72 41 63 51 1085 0 32.2  6
TEB 70 74 72 38 66 52 1425 0 2 7 .0  21
MAR 72 76 74 45 74 60 1871 0 0 .5 4  22
■fXPR 72 77 74 51 81 67 2386 -3 8 .0 15 0
|/1AY 72 76 74 56 88 74 2692 -4 9 .8 12 0
■JUN 74 76 76 70 97 85 2719 -6 5 .3 25 0
JUL 76 76 76 75 97 85 2308 -6 1 .4 5 0
AUG 76 76 76 74 95 84 2184 -5 5 .2 6 0
BEP 74 76 76 70 90 80 1960 -5 0 .8 20 0
Bct 73 77 75 58 83 70 1632 -3 9 .8 2 0
NOV 72 76 74 47 70 58 1204 0 0
JDEC 70 74 72 41 65 52 1012 0 74.5  30

froT 73 76 74 56 81 68 1875 -6 5 .3 74.5

Page 2
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rhesi s -  Physician O ff ic e  C&F BY: Michael IColej CAL PAS 3 V3.12 License: PC0201 

rucson, ARIZONA w eather: tucso n .AZ (Tucson a z  etmy)

r 0 N T H  L Y H O U S E  1E N E R G Y  B A L A z n m (kBtu;

IS

+ in to house)
1

GAINS & LOSSES TRANS FEF

|/ION COND SHCND IN F IL SLR INT STRG RB+SS VENT COOL HEAT

JAN -8 3 0 1 .3 -7 5 22 .3 1485.7 15426 -497 -8 2 9 .1 6 0 264.69
fEB -7 5 2 1 .8 -6 8 6 1 .0 1460.8 13933 187 -1 338 .6 0 130.67
F1AR -5 5 1 1 .6 -5 3 2 7 .3 1138 .1 15426 -406 -5303 .2 0 0
WkPR -2 4 0 8 .5 -2 7 2 0 .4 630.28 14928 -187 -8696 .2 -1 5 4 3 .1 0
MAY 713.93 -1 3 1 .0 4 0 15426 -102 -8 312 .3 -7 5 8 7 .9 0
JUN 4703 .4 3287.8 0 14928 -126 -3772 .2 -19019 0
BUL 4925.8 3609.7 0 15426 114 -1 233 .0 -22843 0
KUG 4273 .8 3011.3 0 15426 -132 -1 1 85 .8 -21393 0
SEP 2360 .8 1482.7 342.15 14928 140 -4 5 6 3 .1 -14693 0
p er -1 4 8 7 .6 -1 8 2 3 .0 770.45 15426 - 39 .4 -10195 -2 652 .2 0
I jov -6 3 7 4 .2 -5 7 8 7 .0 1381.4 14928 846 -5 0 27 .8 0 0
PEC -8 6 0 5 .8 -7 6 7 0 .7 1420.5 15426 465 -1797 .5 0 739.75

r -23233 -26451 8629.4 181630 263 -52254 -89731 1135.1

M 0 N T H L Y C O N D I T I O N S (U n its  as shown)

temperatures ( f) WTHR (F; B tu /s f)  PEAKS (kBtuh)

MON
■_

ii _i
II H THM TSL TSH TSM DBL DBH DBM SGL HSCL/DY HSHT/DY :

I an 69 73 71 41 63 51 1085 0 5 1 .7  6
t e e 70 74 72 38 66 52 1425 0 39.3  21
MAR 72 76 74 45 74 60 1871 0 0
ikPR 72 77 74 51 81 67 2386 -3 7 .6 15 0
F1AY 72 76 74 56 88 74 2692 -5 0 .7 12 0
■JUN 74 76 76 70 97 85 2719 -6 6 .4 25 0
JUL 76 76 76 75 97 85 2308 -6 2 .4 5 0
gXUG 76 76 76 74 95 84 2184 -5 6 .2 6 0
| ep 74 76 76 70 90 80 1960 -5 1 .1 20 0
K cT 73 77 75 58 83 70 1632 -3 9 .8 2 0
NOV 72 75 74 47 70 58 1204 0 0

f EC
70 73 72 41 65 52 1012 0 8 1 .7  30

f o t 72 75 74 56 81 68 1875 -6 6 .4 8 1 .7

Page 2
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hesis -  A d m in is tra tio n  BY: Michael K o le jka  

ucson, ARIZONA

U n t it le d
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CALPAS3 V3.12 License: PC0201 

Weather: TUCSON.AZ (Tucson AZ ETMY)

J O N T H L Y  H O U S E  E N E R G Y  B A L A N C E  (kBtu; + in to  house)

GAINS & LOSSES TRANSFERS

|toN

JAN

TOT

I

COND SHCND IN F IL SLR INT STRG RB+SS VENT COOL HEAT

-8 1 4 5 .4 -6 5 4 9 .7 2225.7 13532 -439 -9 3 7 .1 1 0 335.01
-7 2 3 6 .5 -5 9 30 .2 1761.4 12223 194 -1 2 22 .6 0 201.39
-5 0 9 9 .6 -4 5 9 3 .0 976 .14 13532 -404 -4 4 15 .8 0 20.479
-1 9 9 4 .6 -2 3 8 1 .0 463.24 13096 -134 -7340 .5 -1 7 0 7 .6 0

1324.5 -1 0 7 .5 6 0 13532 -8 5 .7 -7 0 54 .3 -7 6 0 2 .7 0
5524.5 2898 .4 0 13096 -103 -3 3 94 .8 -18019 0
5729.2 3172.1 0 13532 90.8 -1 2 2 6 .4 -21299 0
5075.5 2647.2 0 13532 -110 -1 193 .3 -19951 0
3134.2 1320.8 324.03 13096 104 -4 2 69 .3 -13711 0

-8 8 8 .3 4 -1 6 1 5 .8 900.92 13532 -7 7 .8 -8 9 41 .7 -2 9 0 8 .8 0
-6 0 3 3 .5 -5 0 4 3 .6 1981 .4 13096 772 -4 8 00 .7 0 0
-8 4 1 1 .3 -6 6 5 9 .8 2271.3 13532 405 -1 9 52 .8 0 798.14

-17021 -22842 10904 159331 213 -46749 -85199 1355.0

N T H L Y  C O N D I T I O N S  (U n its  as shown)

TEMPERATURES (F ) WTHR (F; B tu /s f)  PEAKS (kBtuh)

MON THL THH THM TSL TSH TSM DBL DBH DBM SGL HSCL/DY HSHT/DY SSCL/DY SSHT/DY

E an
%EB 
MAR 

gXPR 
mAY 
%UN 

JUL 
■AUG 
pEP 
E)CT  

NOV 
EC

I

69
69
71
72
72
74 
76
75 
74
73 
72 
69

OT 72

73
74
76
77 
76 
76 
76 
76
76
77
75 
73

75

71
71
73
74
74 
76 
76 
76
75 
75
73
72

74

41 63 51 1085 0 54 .4 6
38 66 52 1425 0 51.8 21
45 74 60 1871 0 20.5 22
51 81 67 2386 -3 7 .4 15 0
56 88 74 2692 -4 8 .9 12 0
70 97 85 2719 -6 4 .4 25 0
75 97 85 2308 -6 0 .5 5 0
74 95 84 2184 -5 4 .1 6 0
70 90 80 1960 -4 8 .6 16 0
58 83 70 1632 -3 7 .7 2 0
47 70 58 1204 0 0
41 65 52 1012 0 80 .7 30

56 81 68 1875 -6 4 .4 8 0 .7
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rhesis -  Radiology BY: Michael K o le jka  

rucson, Ar izo n a

U n tit le d
08-MAR-03 15 :30 :04  Page 1 o f  8

CALPAS3 V3.12 License: PC0201 

Weather: TUCSON.AZ (Tucson AZ ETMY)

0 N T H L Y H O U S E  fE N E R G Y  B A L A N C E (kBtu;

IS

+ in to house)

1
GAINS & LOSSES TRANS FEf

FION COND SHCND IN F IL SLR I  NT STRG RB+SS VENT COOL HEAT

DAN -9 6 8 0 .9 -11071 4306 .4 21087 -271 -4 3 5 8 .1 0 0
■FEB -8 4 0 3 .3 -9 8 8 4 .1 3327.4 19046 73 .4 -4 1 65 .8 0 3.585
IVIAR -5 6 9 1 .8 -7 4 5 9 .1 1775.6 21087 -283 -9 4 19 .6 0 0
kPR -2 0 1 8 .1 -3 8 0 7 .8 751.37 20406 -142 -12496 -2 6 9 1 .6 0
MAY 1692 .1 -1 9 9 .4 7 0 21087 -102 -10912 -11558 0
JUN 6216.5 4500.5 0 20406 -124 -4 8 2 7 .4 -26170 0
IDUL 6374.2 4937.0 0 21087 9 6 .1 -1 6 0 3 .0 -30891 0
|XUG 5627.2 4119.8 0 21087 -118 -1 5 8 0 .4 -29134 0
SEP 3424 .1 2031.5 451.27 20406 118 -5945 .2 -20488 0
OCT -1 0 2 9 .8 -2 5 8 5 .3 1564.4 21087 -152 -14460 -4 4 2 0 .4 0
Imov -6 8 2 0 .3 -8 1 4 6 .6 3815.9 20406 734 -10012 0 0
|dec -9 6 0 1 .6 -10855 4409.7 21087 755 -6 1 50 .3 0 320.71

TOT
1

-19912 -38420 20402 248277 584 -85931 -125353 324.29

0 N T H L Y C O N D I T I O N S (u n its  as shown)

TEMPERATURES (F ) WTHR (F; B tu /s f)  PEAKS (kBtuh)

MON

\
i THH THM TSL TSH TSM DBL DBH DBM SGL HSCL/DY HSHT/DY :

BAN 71 74 73 41 63 51 1085 0 0
FEB 71 75 73 38 66 52 1425 0 3 .59  21
MAR 72 76 74 45 74 60 1871 0 0
APR 72 77 75 51 81 67 2 3 8 6 -5 5 .3 15 0
MAY 72 76 74 56 88 74 2692 -6 9 .4 12 0
■DUN 74 76 76 70 97 85 2719 -8 9 .6 25 0
DUL 76 76 76 75 97 85 2308 -8 4 .4 5 0
AUG 76 76 76 74 95 84 2184 -7 6 .6 6 0
■SEP 74 76 76 70 90 80 1960 -6 9 .8 16 0
bcT 73 78 75 58 83 70 1632 -5 4 .8 2 0
NOV 72 76 74 47 70 58 1204 0 0
JDEC 71 74 73 41 65 52 1012 0 7 0 .9  31

|tot 73 76 74 56 81 68 1875 -8 9 .6 70 .9
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hesis -  MG&Spec-Clim"c BY: Michael K o le jka

ucson, ARIZONA

O N T H L Y H O U S E

GAINS & LOSSES

COND SHCND IN F IL

JAN
EB
IAR
PR

MAY
UN
UL
UG

SEP
CT
OV
EC

-10451
-9420 .0
-6852 .8
-2949 .6
1121.0
6424 .1
6792 .1  
6010.8
3662 .1  

-1297.0  
-7695.8
-10703

CALPAS3 V3.12 License: PC0201 

Weather: TUCSON.AZ (Tucson AZ ETMY)

E N E R G Y B A L A N C E (kBtu; + in to  house)

TRANSFERS

-10829  
-9840 .7  
-7660.6  
-3939.7  
-207.29
4675.2
5136.0
4285.0
2104.3  

-2661.9  
-8242.9  1246.6
-10934 1108.2

SLR

1211.5
1424.6  
1613.2
1042.7  
577.30  
526.45  
442.92  
443.98  
575.65  
988.94

INT STRG RB+SS VENT

21954
19830
21954
21246
21954
21246
21954
21954
21246
21954
21246
21954

-522
126

-369
-210
-117
-129

125
-146

153
-65.2

933
531

-1 640 .2
-2 3 31 .8
-8677 .5

-12561
-11305

-5008 .2
-1 5 57 .2
-1546 .5
-6 0 7 0 .4

-14514
-7 5 30 .0
-3 0 31 .0

COOL

0
0
0

-2622.3  
-12015  
-27733  
-32893  
-31001  
-21673  

-4402.9  
0 
0

HEAT

308.60
205.71

6.440
0
0
0
0
0
0
0
0

1044.8

JOT -25359 -38115 11202 258492 309 -75772 -132341 1565.5

M O N T H L Y  C O N D I T I O N S (U n its  as shown)

TEMPERATURES (F ) WTHR (F; B tu /s f)  PEAKS (kBtuh)

MON
| _

THL THH THM TSL TSH TSM DBL DBH DBM SGL HSCL/DY HSHT/DY

I an 69 73 71 41 63 51 1085 0 6 8 .8  6
t e b 70 74 72 38 66 52 1425 0 72 .3  21
MAR 72 76 74 45 74 60 1871 0 6 .4 4  22
IXPR 72 77 75 51 81 67 2386 -5 5 .7 30 0
PAY 72 76 74 56 88 74 2692 -7 3 .7 12 0
■JUN 74 76 76 70 97 85 2719 -9 4 .3 25 0
JUL 76 76 76 75 97 85 2308 -8 8 .7 5 0
|XUG 76 76 76 74 95 84 2184 -8 0 .3 6 0
| ep 74 76 76 70 90 80 1960 -7 2 .9 20 0
t>CT 73 77 75 58 83 70 1632 -5 9 .1 2 0
NOV 72 75 74 47 70 58 1204 0 0
j)EC 70 73 72 41 65 52 1012 0 118 30

FOT 72 76 74 56 81 68 1875 -9 4 .3 118

Page 2
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hesis -  Urgent Care BY: M ichael K o le jka

ucson, ARIZONA

O N T H L Y  H O U S E  E N E R G Y

U n tit le d
08-MAR-03 15:30 :58  Page 1 o f  13 

CALPAS3 V3.12 License: PC0201 

Weather: TUCSON.AZ (Tucson AZ etmy)  

B A L A N C E  (kBtu; + in to  house)

GAINS & LOSSES TRANSFERS

HON COND SHCND IN F IL SLR INT STRG RB+SS VENT COOL HEAT

JAN -10730 -9 1 7 1 .7 4193.3 18336 -463 -2 3 0 3 .8 0 162.21
fEB -9 5 0 3 .9 -8 2 7 2 .8 3313.3 16561 158 -2 3 86 .0 0 122.96
HAR -6 7 0 3 .6 -6 3 2 1 .1 1913.2 18336 -378 -6 8 4 6 .4 0 14.395
hPR -2 7 2 6 .1 -3 2 51 .5 895.02 17744 -141 -10221 -2 2 9 7 .4 0
MAY 1439.8 -1 4 9 .0 4 0 18336 -105 -9 4 00 .8 -10113 0
JUN 6643.6 3929.6 0 17744 -120 -4 4 84 .6 -23710 0
BUL 6881.7 4300.5 0 18336 106 -1 6 2 9 .4 -27995 0
fVUG 5995.1 3589 .1 0 18336 -128 -1 5 5 7 .0 -26234 0
SEP 3540 .4 1791.0 527.30 17744 119 -5 651 .2 -18073 0
OCT -1 5 30 .5 -2 2 0 8 .0 1627.1 18336 -119 -12262 -3 8 4 2 .0 0
| jov -7 9 04 .5 -6 9 4 1 .4 3744.1 17744 814 -7 484 .3 0 0
|JEC -10916 -9 2 1 0 .8 4278.3 18336 618 -3 8 6 4 .7 0 730.76

TOT
I

-25514 -31916 20491 215888 360 -68091 -112265 1030.3

l l  0 N T H L Y C O N D I T I O N S (U n its  as shown)

, TEMPERATURES (F ) WTHR (F; B tu /s f )  PEAKS (kBtuh)

MON

if

THM TSL TSH TSM DBL DBH DBM SGL HSCL/DY HSHT/DY SSCL/DY SSHT/DY

BAN 69 73 72 41 63 51 1085 0 45.7 6
Ifeb 69 74 72 38 66 52 1425 0 47.2 21
MAR 72 76 74 45 74 60 1871 0 14.4  22
tfXPR 72 77 74 51 81 67 2386 -48 .5  15 0
PAY 72 76 74 56 88 74 2692 -6 3 .4  12 0
BUN 74 76 76 70 97 85 2719 -8 3 .4  25 0
JUL 76 76 76 75 97 85 2308 -7 8 .2  5 0
AUG 75 76 76 74 95 84 2184 -7 0 .4  6 0
EEP 74 76 75 70 90 80 1960 -6 3 .9  16 0
E)CT 73 78 75 58 83 70 1632 -4 9 .7  2 0
NOV 72 76 74 47 70 58 1204 0 0
J)EC 70 74 72 41 65 52 1012 0 91.4 30

|roT 72 76 74 56 81 68 1875 -8 3 .4 91.4

I

I

I
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Section 5.F



Office Building 
Recanati, Sicily, Italy 
Mario Cucinella Architects

e

e

South facing hillside location 
Hot, arid climate of Sicily 
Energy responsive office building 
Extensive glazing on south and north 
facades
East and west sides are solid masonry
Central atrium with four levels of
surrounding open offices
Large, flat roof with garden terrace on
top
Metal louvered roof overhangs that 
adjust for seasonal sun angles 
Natural cross ventilation during day 
(north-south) and at night (east-west) 
Exposed concrete walls and soffits 
used for thermal heat storage 
Operable windows in all office spaces 
12 roof skylights which control ventila
tion and daylight into the atrium - ad
justable via operable grilles 
Chimney-like towers assist with natural 
convection loops - work in conjunction 
with cool towers
Design strategies result in the following 
HVAC annual usage:

- Natural Ventilation - 55%
- Mechanical Heating - 35%
- Mechanical Cooling -10%

Fig. F I - Floor Plar

lo n g i t u d in a l  s e c t io n

Fig. F2 - East-West Section

F-2



Fig. F3 - West Facade Fig. F4 - South Facade

exploded isom etric  p ro jection  o f building e lem ents

Fig. F6
Exploded Isometric

Fig. F7
Metal Roof Detail

c ro s s  s e c t io n

F-3 Fig. F8 - South-North Sectic



Office Building
Catania, Italy
Mario Cucinella Architects

• Developed from a concept used by 
the architect in the 1992 Seville Expo

• South and north facades primarily 
glass curtain wall system

• East and west facades use heavy 
masonry as service cores.

• Large atrium design was abandoned 
early in design process for nine light 
cores

• Cores use passive downdraft evapora
tive cooling (PDEC) in conjunction with 
a high pressure misting system

• Wind catchers on top of open light 
cores use the stack effect to draw cool 
air into the building

• Tapering conical shape responds to 
the natural flow of cool air as it de
scends

• Each tower cools a designated portion 
of the inhabited spaces

• Towers also used for night ventilation 
and daylighting

• This cooling technique has proven to 
be more than 80% than a conven
tional atrium design

• Operational energy use is less than 60 
watts/sq. ft.

4#  y, s

Fig. F9 - Section through light core

Fig. F11 - Exploded Isometric

Fig. F10
Diagrammatic Section Model

F-4



th e r m a l  mass study n ight v e n t i la t io n  th ro u g h  stack e ffec t

shading s tra te g y cooling  s tra te g y

Fig. F13 - Interior 
perspective of light 
cores

Fig. F12 - Interior 
perspective of light 
cores

F-5



Trade Fair Administration Building 
Hanover, Germany 
Thomas Herzog

• Energy efficient high rise in cool, humid 
climate

• 14 story office tower with 250 offices lo
cated around the building's perimeter

• Each fagade is treated differently to re
spond to the unique characteristics of 
each orientation

• Non-toxic building materials
• Individual temperature controls for each 

office
• Wind tower at building’s core to assist in 

natural convection currents for passive 
ventilation

• Thermal walls assist with passive heating
• Night cooling is transferred to a water cir

culation system via a hybrid cooling 
plant

• Building wrapped in 2-layer exterior wall 
system to create thermal buffer zone - 
provides natural ventilation by updraft

• Louvers in outer skin ventilate the buffer 
zone

• Computerized HVAC system adjusts all 
building components based on current 
weather and sun conditions

• Rotary HVAC heat exchanger in duct sys
tem reduces heat loss

• Water piper incorporated into the floor 
slabs for thermal mass cooling

to p  ( H e r m e s  L o u n g e )  f lo o r

Fig. F15 - Floor Plan

Fig. F17 - Wind Tower



Fig. F18 - Typical Exterior Office

.

w

v
8

detail o f double wall

Fig. F20 - Double Wall Section

F-7



Archaeolink Prehistory Center 
Aberdeenshire, Scotland 
Edward Cullinan Architects

Fig. F22 - West Perspective

Fig. F24
Shading Devices on south facade

F-8

Fig. F21 - South Perspective

Fig. F23 - North Perspective

Utilizes earthen roofs and burying part of the 
building
Reduces diurnal swings by flattening the ther
mal curve (daily and seasonally)
North and east facades protected from cold 
northern winds by earth berming 
South and west facades exposed with large 
glazing surfaces
Glass walls removable during warm summer 
months
Long shading devices used to block high 
summer sun



Fig. F28 - Section
F-9



C hesapeake Bay Foundation 
Annapolis, Maryland 
Smithgroup Inc.

• Extensive integrative design efforts involv
ing client, design, and construction 
groups

• Three-story, 32,000 square foot facility 
built on undisturbed wetlands

• Only facility in the world to date that has 
achieved LEED Platinum certification 
from the US Green Building Council

• Materials include:
- Arsenic-free, parallel strand wood
- Rainwater catchment system for 

domestic water supply
- PV system incorporated in roof
- Composting toilets
- Cork and bamboo flooring
- Operable windows
- All materials are left exposed
- Non-VCO paint and adhesives

• Minimal landscaping and site work
• Removal of only one original tree
• High efficiency HVAC which relies mostly 

on passive systems including:
- Natural ventilation
- PV panels
- Geothermal system
- Wind power
- Ethanol burning boiler

• Auto-dimming light system
• Desiccant dehumidification and cooling 

system
• SIPs wall panels: R-45 using 12" walls

R-34 using 8” walls

Fig. F29 - Walls System

Section, south fagade

2" aluminum 
Minds

Gyp bd

Photo
voltaic
Panel

Section through the south facade shows open area at the 
exterior to promote air circulation and daylighting, as well 
as photovoltaic panels at the second floor.

Fig. F30 - Walls System

F-10



Fig. F32 - First Floor Plan Fig. F33
Office Interior w/ exposed materials

Fig. F35 - West FacadeF-11



Lewis Center for Environmental Studies
Oberlin, Ohio
William McDonough + Partners

Two story, 13, 600 sq. ft. environmental 
facility achieved a LEED silver award 
Materials include:

- Wood used from sustainable forests
- Reclaimed wood
- Low VOC paints, carpets, and glues
- Recycled steel, brick, aluminum, tile 

Biodegradable (some edible) fabrics and 
finishes
Building oriented in east-west direction 
for maximum southern exposure 
Most program spaces on south side 
PV system on south side facing roof with 
3,700 sq. ft. of panels which can provide 
the entire annual energy consumption 
for the building (64,500 KwH/year)
0.9 watts/sq. ft. fluorescent lighting to 
supplement majority of daylight usage 
Walls are R-21 with interior thermal mass 
components 
Roof is R-30
Exposed concrete floors for thermal heat 
storage with radiant heat system built in 
North side has earth berms to block cold, 
northerly winds
24 geothermal wells for passive HVAC 
Operable windows - low-E glass with R-7 
rating
Optimized HVAC air flow system - com
puterized with heat recovery system 
Aerobic natural waste-water treatment 
system for irrigation 
Rainwater retention pond

Fig. F36 - Interior Gallery Space

Fig. F37 - South east perspective

Classrooms

Fig. F38 - South east perspective
F-12



Fig. F39 - East Perspective

Fig. F40.1
Waste treatment pond

Fig. F40.2 
Waste treatment process

Wastewater-treatment system

Restrooms

Activated carbon 
odor control

Anaerobic digester \ Closed aerobic reactors
(buried outside) i jh  (buried outside)

Tank

Ultraviolet Water reuse
disinfection holding tank

J

Constructed wetland 
(inside solarium)

Open aerobic tank 
(inside solarium)

Clarifier
(inside solarium)

F-13



Archive Building 
Jersey, England 
BDK Architects

1 entrance court
2 e * r  bition ard reception
3 fmst floor gallery
4 nformation finder
5 microfilm v ewmg
6 reading room
7 copying a-ea
8 repository
9 service area

10 public parking
11 lawn
12 plant
I 3 north garden 
14 loading bay

Fig. F42 - East Elevation

F-14



Fig. F45 Fig. F46
Roof Overhang & Shading Detail South facing Study Room

Fig. F47 
South Facade



West Ccmbewarra Education Center 
New South Wales, Australia 
Glenn Murcutt

Fig. F49 - Lecture Hall - Northeast Perspective

Fig. F51
Dormitory - Northeast Perspective

Fig. F52
Dormitory - North Facade

F-16

Fig. F50 
Open Corridor Detail



Fannie Bay Restaurant 
Darwin, Australia 
Troppo Architects

F-17



Norwegian Embassy 
Berlin, Germany 
Snohetta Architects

M 'sl'l
Fig. F58
East and West Fagade (cool towers)

Fig. F55 
South Fagade

Fig. F60
PV Wall Assembly (East and partial 
South Facades)

F-18



Art Museum  
Nijmegen, Netherlands 
UN Studio

Fig. F61 - South Window Detail

Fig. F62
North Window Detail

F-19



Hamlin Learning Resources Center
Slough, England
Richard Rogers Partnership

Fig. F64 - Glass Wall Detail Fig. F65
South Window Wall (looking west)

M C I

% #

—  MAX OT T C  ABOVF 
E X m e tN . T tW tR A T U R F

Fig. F66
Diagrammatic Section (north-south)

F-20
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Gerald Cham pion Regional M edical Center 
Alamogordo, NM 
Collins/Reisenbichler Architects

%

x
¥ '

• Built to replace an existing hospital with poor park
ing, circulation systems, and lack of expandability

• New one-story, 153,000 sq. ft. facility was designed 
with a focus on easy move ability in and around the 
hospital along with the ability for future expansion in 
virtually any part of the building

• 95 inpatient beds
• Expanded ER facility
• Women's center
• Community education and conference
• Physical therapy courtyard
• Cardio ward
• Isolated surgery areas
• Private physicians ward
• All services link via a “medical mall” design whic 

uses a main spine that connects all program an
• Provides central entry and circulation system be 

hind which lies a private movement system for st< 
and checked-in patients

• Building can grow for future by extending the “mall" — 
spine and by having each department with its own 
exterior wall for later expansion

Concept Floor Plan

X .

r

gaggL sliMSE 1
p

■ ■ ■■ ■I
Fig. G1

Medical Mall Corridor

__ _ . expansion
Ambulance entry * Fig. G2 

Central Recpetion

Future
expansion

ED Nursing CD Public support
□  Support ■  Public circulation
□  Diagnostic/Treatment ■  Stalf/Patient circulation
□  Administration Cj  Physician lease space

Fig. G3
Diagrammatic 
Floor Plan

*  Future expansion



CORE Health Center 
Chicago, Illinois 
Perkins & Will

Fig. G5 - East Perspective

Fig. G7 - Interior AtriumG-3



genesis M edical Center 
Davenport, Iowa 
Perkins & Will

Fig. G9 - Corridor View



Sharron M edical Center 
Sharron, Connecticut 
Perkins & Will



Baptist Memorial Hospitals
Collierville, Tennessee (top) & North Little Rock, Arkansas (bottom) 
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Photovoltaic Calculations

Conventional Building
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Photovoltaic Calculations

Conventional Commercial Building

Equip. / L ighting 1.60 watts
H.W . & Vent. 
HVAC Heating 
HVAC Cooling

0.40 watts 
0.12 w atts 
2.88 watts

Total 5.00 w atts

Energy Efficient Commercial Building

Equip. / L ighting 1.20 watts
H.W . & Vent. 
HVAC Heating 
HVAC Cooling

0.30 watts 
0.04 watts 
0.96 watts

Total 2.50 w atts
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Photovoltaic Calculations

Conventional Medical Building - PV Calculations

Step 1: Determine the building loads

Loads x Qtv = Watts (AC) x Use/Dav x UscAVeek 1 1 =  Watts hours
5 w / SF 31,608 SF 158,040 w 12 hrs./day 7 days/week 7 = 1,896,480 w hr.

Total AC Connected = 158,040 watts

■ Average AC Daily Load = 1,896,480 w hr.
Adjusted watt hour (div. by 0.9 -  grid tie) = 2,107,200 w hr.

Step 2: Specify the building site and other relevant information

■ Location: Tucson, AZ - 32deg. N. Latitude
PV panels mounted onto building roof oriented at 32 deg above horizontal to match latitude

Step 3: Determine number o f  panels needed for complete electricity provision 

Winter requirements:
December sun for Tucson, AZ = 5.21 hrs/day

2,107,200 whr. / 5.21 = 404,453 watts
120 watts/panel = 3,371 12(hv panels (9.78 sq. ft./panel)

Summer requirements:
June sun for Tucson, AZ = 7.30 hrs/day

2,107,200 w h r ./7.30 = 288,657 watts
120 watts/panel = 2,406 120w panels (9.78 sq. ft./panel)

Results:

■ Building design permits maximum of 1,892 panels
■ Full PV electric supply would require an additional 1,478 panels for winter coverage 
Full PV electric supply would require an additional 514 panels for summer coverage

A conventional medical design will be INADEQUATE for complete PV electrical system due to the high electrical 
load needed to supply the facility. Thus the need to reduce the building’s electrical loads through sustainable design 
will need to be done such that a PV system CAN support the entire medical facility. The following page will illus
trate this process.
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Photovoltaic Calculations

Energy Efficient M edical Building - P V  Calculations

Step 1: Determine the building loads

Loads x Qtv = Watts (AC) x Use/Pav x Use/Week / 7 = Watts hours
2.5 w / SF 31,608 SF 79,020 w 12 hrs./day 7 days/week 7 = 948,240 w hr.

Total AC Connected = 79,020 watts

• Average AC Daily Load = 948,240 w hr.
Adjusted watt hour (div. by 0.9 -  grid tie) = 1,053,600 w hr.

Step 2: Specify the building site and other relevant information

■ Location: Tucson, AZ - 32deg. N. Latitude
PV panels mounted onto building roof oriented at 32 deg above horizontal to match latitude

Step 3: Determine number o f  panels needed for complete electricity provision 

Winter requirements:
December sun for Tucson, AZ = 5.21 hrs/day

1,053,600 whr. / 5.21 = 202,227 watts
120 watts/panel = 1,685 J20w panels (9.78 sq.ft./panel)

Summer requirements:
June sun for Tucson, AZ =7.30 hrs/day

1,053,600 whr. / 7.30 = 144,328 watts
120 watts/panel = 1,203 120w panels (9.78 sq. ft./panel)

Results:

By using sustainable design strategies, the building’s total electrical load has been reduced bv almost 50% from the 
conventional design mentioned previously. If the 1,892 panels are still utilized, then there will be a SURPLUS of en
ergy produced by the PV system. As a result, this excess energy can be sold back to the utility at 3.Scents per KwH.

The following page will outline the amount of energy that can be sold back to the power grid and the cost benefit 
analysis of the entire PV system. In addition, this calculation will show whether the initial capital invested into the 
system will payback within the 20 year lifespan of the PV equipment.
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Photovoltaic Calculations

Design Project - PV Calculations
Working backwards to determine power available based on predetermined number o f  PV panels 

Determine Energy o f  existing PV desisn

Total PV area: 18,915 ft2 a 1,892 panels (120 watt system: 4 ’-8 ”  x  2 ' - l ”  = 9.78 sq. ft/panel) 

Energy produced by existing design: (1,892 panels) x (120 watts/panel) = 227,040 watts

Winter: 1.053.600 whr* = 202,227 watts*
5.2 hrs/day*

* value calculated from previous pages

227,040 watts - 202,227 watts = 24,813 watts surplus 
PV production - power req ’d

24,813 watts a 25 KwH
(25 KwH) x (5.21) = 130.25 KwH/day

(130.25 KwH/day) x (182.5 days) = 23,771 KwH/ half year*
(* 6 months)

(23,771 KwH) x ($0.035/KwH) = $ 831.99/6 months (winter profits)

Summer: 1,053.600 whr* 
7.3 hrs/day*

144,328 watts*

* value calculated from previous pages

227,040 watts - 144,328 watts = 82,712 watts surplus 
PV production - power req ’d

82,712 watts a 83 KwH
(83 KwH) x (7.3) = 605.90 KwH/day

(605.90 KwH/day) x (182.5 days) = 110,576 KwH / half year*
(* 6 months)

(110,576 KwH) x ($0.035/KwH) = $ 3,870.19 / 6 months (summer profits) 

Total Annual Profit: ($ 831.99) + ($ 3,870.19) = $ 4,702.18
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Photovoltaic Calculations

PV System Payback Calculations

Step 1: Construction costs o fP V  system:

This project is eligible for a discounted volume purchase 
(+1000 panel is 50% off the regular $ 6.00 / watt cost)

(120 watt panel) x ($ 3.00 / watt) = $ 360.*Vpanel

($ 360.00/panel) x (1892 panels) = $ 681,120.°°

Step 2: Determine PV sellback to u tility  profit:

$ 4,702.18 (value taken from previous page)

Step 3: Determine Annual electricity costs for building facility:

Using the Rancho Vistoso case study as a benchmark, this facility has an annual electric bill of $100,000 00

This design facility as shown on the first page and through the simulation results that are available in the 
master’s report is 50% more efficient per square foot than the Rancho Vistoso building.

Thus 50% of $100,000 00 is $50,000.°°

This design facility is only 75% as big as the Rancho Vistoso building and therefore would require only 
75% of $50,000.°° which equals: $42,500.°°

Therefore the estimated annual electricity costs fo r  this design fa c ility  is: $42,500.°°

Step 4: Determine the payback period:

(Cost of PV System: $ 681.120.°°) = 14.5 years
(Annual Savings: $42,500.°°+ $ 4,702.18)

Since PV panels are guaranteed to function properly for 20 years, one can infer that the owners of this 
facility will have 5.5 years of profit after the 14.5 year payback period on their initial investment. This is 
assuming energy costs do not rise. If these variable are kept constant than the owners will have the 
following profit on their investment:

(Annual Savings: $42,500.°° + $ 4,702.18) x (5.5 years) = $257,463.13 to ta l p ro fit
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Annotated Bibliography

Brand, Stewart. How Buildings Learn: What Happens After They're Built. New York: Viking Press, 1994. 
NA2542.4.B73
This book looks at buildings and their design with a long term perspective. He discusses how buildings 
adapt to different uses and how they evolve over time. The author is not focusing on any one type of use 
or design style, but rather at design as a whole and how societies have manipulated the built form as 
need, fashion, and other factors have dictated. This book is very useful to my research in that it reminds 
me to look beyond the initial construction and see how my design might be treated in the future. This is 
relevant in terms of usability, deterioration, location, and aesthetic value. The book is unique in the man
ner in which it presents its subject matter and provides several avenues of additional research.

Burrelsman, Theresa. Implementing Energy Efficiency and Dayliahtina in Government Buildings. Uni
versity of Arizona, Master’s Thesis. May, 1999.
Architecture Library-Thesis Reserve
The Thesis by this author investigates conventional energy saving strategies in government buildings and 
evaluates their effectiveness using a series of thermal energy and other types of monitoring tests. The au
thor uses this information in her design of new energy saving strategies. The report is weak in presenting 
the background for conducting these tests on existing techniques and does a poor job of applying these 
same criteria to her new designs. However, it was the most experimental of all the thesis sources I investi
gated in that it provides some cutting edge ideas in realm of sustainable building. It "pushes the enve
lope" of current designs and forces the reader to rethink conventional energy saving strategies. This report 
will prove useful in helping me to push my own ideas forward and strongly question the current sustainable 
strategies in use today.

Cook, Gary, Billman, Lynn and Adcock, Rick. Photovoltaic Fundamentals. Washington, DC.: Solar 
Tech Information Program SERI, DOE, 1994.
E 1.2: P56
This government document outlines the development history and basic functionality of photovoltaic 
equipment. It provides a general introduction as well as detailed explanations of the technology associ
ated with FV's. Since I am investigating the application of photovoltaic in my design, I need to have a 
reputable source which can educate me on how and why these devices may be helpful. This source is 
produced by a well known and respected organization that is responsible for much of the research and 
development of PV technology. It is considered on of the seminal sources by many other books relating 
to this subject.

Edwards, Brian. Green Buildings Pay. London: E&FN Spon, Inc., 1998.
YARP 403.6
This book investigates the financial impact of Green Buildings and other sustainable developments. The 
author distinguishes the initial costs of construction between conventional buildings and similar facilities 
that are considered to be sustainable. Two case studies are given which outline the construction of com 
mercial structures. In each case, both standard and green practices were simulated to see the differ
ences in up front costs. The second half of this book deals with the operational costs of building after they 
are built. Again, case studies are used to simulate post-construction operations to see how they differenti
ate from each other. This source is particularly useful since it illustrates how to do cost analysis which is 
critical to the financial success of my subsequent design. As part of my thesis, I will need to conduct en
ergy use calculations and this is the only resource I found which looks at how to do these investigations 
voth before and after construction.
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Edourd, Tyler. "Energy Conscious Design.” Progressive Architecture. Stamford, CT., April, 2001.: 34- 
41.
Magazine Provided by CDG Architects, Ltd.
This article provides the reader with six examples of recently completed projects that excel in energy 
conservation as determined by the British Renewable Energy Council. The article is rather shallow in 
terms of its technical information, however it does provide some impressive design ideas for lobbies, 
atriums, and other circulation areas. This magazine is regarded highly for their photography and editori
als along with close ties with the Royal Institute of British architects. Thusly, it can be selected as a good 
source as a popular magazine geared to the public, yet still attempts to inform and educate about 
advanced architectural topics. I believe it is important to incorporate, or at the very least appreciate, 
some of the latest designs and ideas regarding sustainable architecture. The examples cited in this arti
cle demonstrate a strong awareness of their environment and can be useful in formulating design ideas 
for my report.

Egan, M. Concepts In Architectural Lighting. New York: McGraw-Hill Book Co., 1983.
TH7703.E33
This book discusses nearly every aspect of interior and exterior lighting of buildings. The author goes into 
detail on the different types of light and how they best work in different environments and program 
types. There is little discussion on natural light, but a rather a strong focus on artificial light. My research 
will be best served by this book's electrical specifications and lighting efficiency guidelines. Both sec
tions present beautiful examples of different lighting selections listed for real application examples. This 
helps simplify the complexity of lighting systems. This source is distinguished from other lighting books in 
that it has the most comprehensive lighting glossary and specifications of any other resource on the 
subject. Furthermore, this author is cited in numerous other lighting and architecture sources.

Gomez, Robert. “Medical Needs Analysis for Tucson, Arizona.” Tucson, AZ.: El-Rio Medical Center, 
10, September, 2002.
Report Provided by El-Rio, Inc.
This Report produced by the El-Rio Medical Center illustrates the current Medical Facilities and provisions 
available to the residents of Tucson, Arizona. The report is mostly comprised of statistical data and 
graphs showing the current income, age, ethnicity, census data, zoning, and existing medical facilities. 
Based on this information a need analysis was conducted by El-Rio to determine the best location for its 
new candidate site. My research and Master's Report will be using the El Rio data to conduct my own 
site search and will rely heavily on the information gathered in this quarterly report. The data provided is 
unique to the El Rio program and due to my affiliation with the Medical System will be valuable asset to 
my project site analysis and selection.

Gripalani, Glrish. Evaluation of Thermal Comfort and Design of an Urban Open Space. University of 
Arizona, Master's Report. December, 2000.
Architecture Library-Thesis Reserve
This Master's report deals mainly with the design of exterior urban spaces and the natural and man
made environments which affect them. The report presents examples of responsive plazas and outdoor 
malls that offer unique sustainable environmental experiences. Unlike other reports that deal with a sin
gle building, this report investigates the site and its influences on multiple scales of livability. The author 
looks at the size of the individual user and goes all the way up to the city level. It is the most compre
hensive research in terms of its breath of size relating to climatic design. It will be very helpful as a refer
ence in the design of my site's exterior areas as well as serve as a reminder of the multiple scales of in
quiry needed to provoke a responsive design solution.
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Heschong, Lisa. Thermal Delight In Architecture. Cambridge, MA.: MIT Press, 1979.
NA2541.H47
This book describes a variety of heating and cooling strategies for buildings, especially commercial and 
institutional facilities. The author provides a simplified discussion of a variety of construction, insulation, and 
fenestration methods and their thermal performances. The book uses three case study buildings of differ
ent construction types to illustrate how they perform in regard to their heating and cooling loads. The au
thor of this book is highly regarded in her expertise of thermal efficiency and has been cited in numerous 
related materials. The author's style of thermal case studies reinforcing her research makes this book dif
ferent in its presentation format. This source will prove extremely helpful to my research in that two of the 
case studies were outpatient medical buildings, exactly the same program that I will be designing. Much 
of the thermal strategies are explained relative to these medical facilities and can be readily applied to 
my project.

Lechner, Norbert. Heating, Cooling. Lighting: Design Methods for Architects. New York.: John Wiley & 
Sons, 1990.
TH7222.L33
This resource provides a comprehensive discussion on the mechanical and internal equipment functions 
of buildings. It covers the fundamental functionality of each topic first and proceeds to explain how to 
optimize these areas based on the building itself and the external factors. This source is distinct form other 
similar books in its detail. It is the most informative mechanical and HVAC resource I could find. Being in 
it's fifth edition, the book's long history and it's citations by many related sources makes it a very useful ref
erence in my research. I will be using many of the technologies presented by Lechner and will have a 
better handle on how these systems work and how best to use them in my design.

Lewis, Felicity. Energy Efficient Prototype Classroom Design for Sydney. Australia. University of Arizona, 
Master's Thesis. December, 1998.
Architecture Library-Thesis Reserve
This Thesis report investigates the impact of energy efficiency on the design and functionality of a class
room in Sydney. The author uses a two prong approach to her design by investigating the issues related 
to energy efficiency while paralleling this with classroom design research. My research will use a similar 
double subject approach. This thesis will help as a guide to showing how best to present solution to a two
pronged design problem. This report is unique in its design idea, but more importantly it's main focus is on 
the end user of the design and how to incorporate both of her areas of research to make the user's inter
action with the project optimum. None of the other thesis which I investigated seems to take this structural 
format, and will resemble the one I plan to pursue.

Malkin, Jain. Medical and Dental Space Planning: A Comprehensive Guide to Design, Equipment, 
and Clinical Procedures. 8th Ed. New York: John Wiley & Sons, 2002.
Book Provided by CDG Architects, Ltd.
This book provides a comprehensive look at medical space planning. It deals primarily with the program
matic aspects of medical buildings and how to optimize user functionality. It introduces different planning 
strategies and give examples of existing medical facilities that exemplify these ideals. The book is in its 
eight edition and has been widely cited by numerous other books in this area. The author is one of the 
leading medical space planners in her profession and has extensive experience and past leadership roles 
relating to his subject. In addition to sustainability, a great deal of my design will be focused on efficient 
medical functionality. I will use this resource as a guide to help with the space programming along with 
my preliminary design development.

1-4



Miller, Burke. "Cool Daylighting at Harmony Library.” Solar Today. Chicago, IL.: The American En
ergy Society, May-June, 1999.: 4-12.
Magazine Provided by COG Architects, Ltd.
This journal article presents a detailed report on a public library in Fort Collins, Colorado. The article uses 
the library as a case study giving a general overview of the design criteria and listing all the daylighting 
strategies and HVAC systems that helped reduce the building's energy use. A detailed analysis of the 
library's energy consumption is compared to a conventional library of similar size. The report extensively 
covers all aspects of the efficiency and financial benefits of the new facility. However it fails to mention 
any shortcomings nor does it suggest further avenues to improve the energy efficiency. This report is 
valuable to my research In its overview of the economic outcomes of sustainable designs such as those 
related to the Fort Collins Library. The article outlines how to conduct similar energy analysis and gener
ate estimates on similar conservation techniques. The sponsor of this article is one of the leading or
ganizations involved in solar energy design and thus it's endorsement of this report gives the content 
additional credibility. The author's bibliography showing his extensive experience related to this subject 
adds further legitimacy.

Olgay, Victor. Design with Climate. Princeton, NJ.: Princeton University Press, 1963.
NA2540.O44
This book investigates the ideas behind sustainable design from a climatic point of view. The author at
tempts to categorize different parts of the world by their climatic properties and draws correlations be
tween them in an ex post-facto method. His understanding of a place is heavily influence by statistical 
and mathematic climate models. He uses these techniques to pin point ideal locations for a given de
sign project. Unlike most of my research sources which choose a site and investigate its unique climate, 
this book reverses the approach and determines the climate first and selects the site best suited for it. 
This book has been related by numerous others as a seminal resource for climatic driven design, this is 
partly due to the age of the material presented. It will be incorporated into my research as a check 
system to determine if my site will satisfy the climate prerequisites listed in this book.

PhoMlai, Worawan. Energy Efficient Approach to the Interqration of Daylight and Artificial Light for 
Commercial Buildings in Warm Climates. University of Arizona, Master’s Report. May, 1997. 
Architecture Library-Thesis Reserve
This thesis covers a multitude of concepts regarding daylighting.. Nearly a third of this 200 page thesis 
involves the systematic understanding of every possible environmental impact to a commercial build
ing. In addition, this thesis has an extensive listing of artificial lighting and gives examples of their appli
cation in existing buildings. This thesis is mainly a research paper not a design report like most of my 
thesis sources. It's primary goal is an investigation into as many artificial and daylighting techniques as 
possible and how to incorporate them into warm climate regions. The report is an excellent model 
showing how to synthesize vast amounts of information and narrow the focus to a specific building type 
a distinct climate. My design project will go through a similar process of processing data, and this thesis 
will be an excellent guide of how to disseminate my resources.

Robinette, G O. ed. Landscape Planning for Energy Conservation. Reston, VA.: Environmental De
sign Press, 1979.
SB472.A47
This book outlines different landscape techniques to improve energy conservation, particularly in relation 
to buildings. The book covers examples of both good and bad landscaping and how they affect en
ergy and thermal efficiency. The publisher is a well respected company in its field and has been the 
publisher of many other sources related to environmentally responsive landscaping. Two of my faculty 
this semester have listed this source as an excellent reference on this subject. In terms of my own re
search, this book provides me with an understanding of the interaction between interior and exterior 
space. It will help extend my design and sustainable awareness beyond the building envelope in a co 
gnoscente method.
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Sizemore, Clark, Ostrander. A.I.A. Energy Planning for Buildings. Washington, DC.: A1A Press, 1998. 
TJ163.5.B84
This guidebook published by the AIA is a detail source for energy guidelines and regulations applicable to 
new buildings. The content and structure of this source is very regulatory in nature, specifying required 
energy practices detailing their implementation. The manual is divided by design area and by region 
which is helpful to isolate the applicable codes and regulations relevant to my project. The publisher is 
the main regulatory agency for architecture in the United States and therefore is regarded with substantial 
credibility and authority. The book is unique in that is the guidebook published by architects for archi
tects. It is also the resource that is used in evaluating a building's energy compliance which is required 
by law. I am  requited to consult this guidebook in my project to assume it Is in proper legal and regula
tory standing.

Smeilan, Robert. A.I.A. Environment Resource Guide. Washington, DC.: AIA Press, 1992.
Book Provided by CDG Architects, Ltd.
This guide provides a detailed look at a series of environmental codes, suggested green building materi
als, and site location strategies. Its most useful section is the materials library which I will consult during 
my design development in which I must begin thinking from what I will construct my building. This source 
provides the most comprehensive and convenient listing of green building materials and environmental 
codes that I was able to find. It was also listed several times by some of my other related sources as a 
good location to research sustainable building materials.

Sustainable Design -  A planbook for Sonoran Desert Dwellings. Tucson, AZ.: Tucson Insitute for Sus
tainable Communities, 1997.
Book Provided by Larry Medlin
This report discusses design ideas to address the unique climate of southern Arizona. The report covers 
concepts ranging from solar strategies to energy code compliance providing one of the most compre
hensive sources on desert climate design. Despite the report being focused towards residential dwell
ings, the concepts and local climate analysis are very useful to my research. This source has the most 
local and applicable design strategies of any other resource consulted. In reviewing other material from 
the TISC, this source appears to be a very credible source based on citations by other desert climate 
books. It is also one that is most familiar with the local environment that is discussed in the report.

Ternoey, Steven, E. Daylight Every Office Building. Santa Barbara, CA.: Lightforms, Inc., 2001.
Book Provided by Larry Medlin
This source provides an extensive description of daylighting strategies. The article is modeled off of a se
ries of daylighting seminars and case studies given by the author. It presents information by each solar 
design and gives detailed technical information about these strategies. He continues by offering meth
ods to optimize these buildings and how to evaluate their performances. The report provides relevance 
to my research in how it illustrates the best methods to incorporate daylighting strategies and gives real 
examples to prove the theories presented. This source is unique in its content primarily in the technical 
format. The author is one of the leading practitioners in the field of building energy efficiency and is 
quoted by numerous secondary sources.
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