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Abstract
Spaces are usually classified as either being indoors – frequently private or public
outdoor spaces. Transitional spaces are an important aspect to the built environment as
they have great potential to modify the environmental conditions of both indoor and
outdoor spaces. They are the connecting space between the outdoor and indoors, between
the natural climate and controlled climate. They can aid to building efficiency and to
outdoor human thermal comfort. Transitional spaces in a hot arid region are crucial to
maintaining the comfort of a user while being outside. The purpose of this investigation
is to prove that shaded outdoor transitional spaces can lead to outdoor human thermal
comfort and building performance. The problem being addressed is the lack of attention
on shaded transitional spaces in a hot arid climate. Being located in such a harsh climatic
environment it is important to look into the relationship between the building and its
outdoor spaces as well as users. They are used to create a comfortable microclimate while
transitioning into the building. A 9 step method will be proposed to defend the idea that
shaded transitional spaces can lead to outdoor human thermal comfort and building
efficiency. Methods being used are eQUEST Simulations, micro-climate data collection,
and calculating outdoor human thermal comfort. The results confirmed the notion that
shaded transitional spaces can lead to outdoor human thermal comfort and building
performance. The comfort of the user was defined and the performance of the building
was established through energy modeling simulations.

9

1.0 Problem Statement
Being located in a harsh climatic environment it is important for the buildings to
interact with their surrounding environment and users. There is a lack of attention on
transitional spaces in the built environment and providing outdoor human thermal
comfort to the users. As you can see from the photos below. There are variables that can
affect the outdoor human thermal comfort of the user. Referencing the images from
below: the location is the West Façade of the College of Architecture, Planning, and
Landscape Architecture (CAPLA) at the University of Arizona. It is 1:00 PM on April
11, 2018. The ambient temperature that day was high 90s. In figure 1, the variable of
direct solar gain effects the user directly but also effects the building performance. It
increases the energy usage when cooling down the building during the day and especially
when it is in the high 90s and low 100s during the summer months. In figure 2, the
variable of the reflectance of materials also effects the space and building. Light colored
cement has a reflectance of 0.45 which means that it absorbs 55% of the direct solar
radiation. The brick on the façade of the building has a reflectance of 0.20 meaning it
absorbs 80% of the solar radiation which causes the performance of the building to be
affected. With such a low reflectance it causes the materials to heat up faster and cool
down slower. In figure 3, the variable of glare is being accessed from the surrounding
surfaces which affect not only the thermal comfort but also the visual comfort of the user.
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Figure 1: Direct Solar Gain

Figure 2: Reflectance of Materials

Figure 3: Glare
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1.1 Climate Zones in the United States
Climate is the combination of the predominant weather conditions of a region,
such as temperature, air pressure, humidity, precipitation, sunshine, cloud coverage, and
wind speeds throughout the year, average over a series of a year. (Dunbar, B. 2015).
There are five climate zones in the United States: Hot and Humid, Temperate, Cold, Hot
and Arid, and Marine.
Hot and Humid climates receive more than 20 inches of annual precipitation.
They have high rainfall and humidity. The winds are light or even non-existent. They
have an annual temperature of 67 degrees Fahrenheit of high wet bulb temperature for
3,000 or more hours during the warmest 6 consecutive months of the year. (Climate
Zones, n.d.)
Temperate or humid climates receive more than 20 inches of annual precipitation
a year. Their average month outdoor temperature drops below 45 degrees Fahrenheit
during the winter months. They have a hot and dry season, wet and warm, and winter.
(Climate Zones, n.d.)
Hot and Arid regions receive less than 10 inches of annual precipitation. The
annual precipitation is scared and sometimes unreliable but can also cause flooding. The
average monthly outdoor temperature remains above 45 degrees Fahrenheit throughout
the year. There are sharp variations in both diurnal (day/night) and seasonal temperatures
(summer/winter). The solar radiation intensity is high and enhanced by the radiation
reflected from the ground as well as buildings. The humidity is low which creates
healthier air. (Guy, P., et al., 1993)
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Cold climates have between 5,400 and 9,000 heating degree days on a 65-degree
Fahrenheit basis. They have a lot of precipitation and cold windy winters. (Climate
Zones, n.d.)
Marine climates receive the heaviest precipitation in the cold season. The coldest
month mean temperature is between 27 and 65 degrees Fahrenheit. The warmest is less
than 72 degrees. (Climate Zones, n.d.)

1.2 Psychrometric Chart of Climate Zones

HOT/ARID
HOT/HUMID
HUMID
COLD/HUMID
COLD

Figure 4: Psychrometric Chart of Climate Zones

When plotting the dry bulb temperature to the relative humidity the psychrometric
chart shows what passive strategies are needed to reach the comfort zone. For example,
hot and arid climate lies in the evaporative cooling zone. This means in order to reach the
comfort zone certain strategies need to be implemented such as evaporative cooling, high
mass cooling with night ventilation, high mass cooling, and natural ventilation. Hot and
arid regions are also beyond the shading line so shading is crucial to keep a comfortable
13

environment both indoors and outdoors. Contrasting to the cold climate, it is the complete
opposite. The cold climate is before the shading line which means shading is not needed
in these climates because of the harsh winters and cold temperatures. The particular
design strategies that are needed in a cold climate are humidification and passive solar
heating.

1.3 Hot Arid Region
A defining characteristic of a hot arid region is how dry it is and the lack of
moisture in the air. There are definite temperature swings between the day and night. This
is called the temperature swing. Temperature swings lead to design strategies such as
nighttime flushing. Nighttime flushing is an easy sustainable strategy where you leave the
windows closed during the day and then open them at night to release the heat and take in
the cooler air. There is little to no precipitation which also contributes to the dryness of
the climate. Since there are monsoon seasons throughout the year this can cause severe
flooding because the soil cannot absorb the water fast enough.

1.4 Transitional Spaces In Architecture
Transition means the process of period of changing from one state or condition to
another. The blending between the indoors and outdoors; the building and nature. The
transition is the interaction between the building and its users. Transitional spaces are an
important aspect of architecture. “Transitional space – that is neither consistently
classified as being indoors nor consistently classified as being outdoors, and it shares
properties with both indoor and outdoor space” (Christian Kray, et al., 2013). It is the
spaces between the mechanically conditioned space and the natural environment.
Transitional spaces can be located anywhere surrounding the building. These spaces tend
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to be ignored while designing the building. They tend to be an afterthought but not part of
the building process.
Located in Arizona, transitional spaces are an important aspect to architecture. A
well oriented space can provide a comfortable environment in the midst of a harsh
climate. Hot-arid climates are important to implement a transitional space in which one is
entering the building. The human body and eyes need to adjust to the environment. This
space provides the user time to adjust before entering a building or when leaving a
building.

1.5 Importance of Shading
Proper shading is a crucial element to building efficient. The use of proper
shading blocks the direct solar radiation and gain during the summer months. During the
winter months is allows for the direct solar gain and radiation which is wanted to warm
up the space indoors as well as outdoors. Shading contributes to the efficiency of the
building because if there was a lack of shading during the summer months it would cause
the building to have to use more air conditioning for longer periods of time. The use of
hardscape and structure should aim protection from solar radiation in order to reduce
thermal heat stress by providing shade. If an outdoor space is shaded effectively, its
temperature would be somewhat elevated above the ambient air level, cooling the
pavement of a relatively wide shaded area can lower the radiant temperature to which the
people in the area are exposed. (ATTIA, S, et al., 2011). Shade is the most passively
effective transitional space control strategy. Shading reduce the instance solar rays into
the buildings. In hot-arid regions semi-open spaces are common in these climates and
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used half of the year to protect spaces from sunlight and create natural ventilation.
(ATTIA, S et. al 2011).

1.6 Microclimate Definition
Microclimate is the climate of a small or restricted area, especially when this
differs from the climate of the surround area. “Good urban design creates positive
microclimates through a combination of building placement and building design and a
combination of open space in between those buildings, which is the community space on
campus or in a city. We want to create comfortable places that people can be outside
doing healthy activities and interacting socially.” (Tricoles, R, 2018). Microclimates
create a comfortable environment around the building. They enhance the outdoor human
thermal comfort and allow people to enjoy their time outside. They enhance social
aspects and promote people to spend more time outside and walking.

1.7 Outdoor Human Thermal Comfort
In urban areas outdoor space if effected by man-made environmental factors.
Paving materials, landscape materials, shade conditions, and how surrounding buildings
are constructed made a huge impact on the microclimates around them. These factors
create a thermal level that can either be comfortable or not. Analyzing the thermal
performance should make an impact on how these spaces are designed and used. Energy
efficiency can be greatly impacted through mindfully planning and designing open spaces
between buildings and improving the overall community. Creating an environment which
is thermally comfortable promotes walkability which in turn influences the health, well
being, and social interactions of a community.
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Thermal comfort is “that condition of mind which express satisfaction with the
thermal envirnmnt” (ASHRAE, 2017). To achieve outdoor human thermal comfort there
are heat gain and loss factors that must be considered: metabolic rate, clothing insulation
(CLO), air temperature, radiant temperature, air speed, and humidity (ASHRAE, 2017).

Figure 5: Human Thermal Comfort Variables

Human thermal comfort as defined by ASHRAE standard 55-2010 is a condition
of mind which expresses satisfaction with the thermal environment. There are six
variables of human thermal comfort; air temperature, relative humidity, air velocity,
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mean radiant temperature, metabolic rate, and clo value. Four of these variables are
environmental and two are human responsive.
The environmental variables are air temperature, relative humidity, air velocity,
and mean radiant temperature.
Air temperature is the temperature of the surrounding environment.
Relative humidity is the ratio of the amount of water vapor in the air to the amount of
water vapor that the air could hold at the specific temperature and pressure. Humidity is
an important factor when it comes to comfort. High relative humidity leads to dew
formation. Low relative humidity leads to dryness. The faster the air is moving the
greater the exchange of heat between the person and the air.
Air velocity is the rate of air movement given distance over time.
Mean radiant temperature (MRT) is related to the amount of radiant heat transferred
from a surface and it depends on the materials ability to absorb or emit heat. MRT is
dependent upon the temperatures and emissivity’s of the surrounding surfaces as well as
the view factor, or the amount of surface that is “seen” by the object (House Energy
Doctor, 2017).
The two human responsive variables are metabolic rate and clo value.
Metabolic rate is the energy generated from the human body. The rate of transformation
of chemical energy into heat and mechanical work by metabolic activities within an
organism, usually expressed in terms of unit area of the total body surface. In this
standard, this rate is expressed in met units (ASHRAE, 2017). Different varying activities
produces a different Met Unit.
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Figure 6: Metabolic Rate Image

Clo value is the amount of thermal insulation worn by a person and how that impacts
their thermal comfort (ASHRAE, 2017). Layering of clothing prevents heat loss and can
either keep a person warm or they can possibly become over heated. Clothes insulate a
person from exchanging heat with the surrounding air and surfaces as well as affecting
the loss of heat through the evaporation of sweat. Each article of clothing has a value,
assessing what a person is wearing and adding up their totals determines their total CLO
value.

Figure 7: Clothing Insulation Value Chart
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1.8 Mean Radiant Temperature
Mean radiant temperature is a measure of the average temperatures of the surfaces
that surround a particular point, which will exchange thermal radiation. The radiant
exchange is an important component of the thermal comfort that will be experienced by a
person, specifically in places where there may be significant differences in radiant and air
temperatures. (Designing Buildings)

Figure 8: MRT Graphic Calculation

In figure 8, mean radiant temperature is shown as a sphere to represent the microclimate surrounding the user. To put it into simpler to grasp the idea of mean radiant
temperature would be to imagine yourself in a cube. A cube has 6 sides and those 6 sides
represent another surface that is radiating heat. Take the surface temperatures of each side
and multiply them by the area of the side and then divide them by the total surface area.
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1.9 Energy Consumption in Commercial Buildings
Buildings are responsible for about 40% of all energy consumed in the United
States (eia.gov, n.d.). Within that 40% of energy consumption alone commercial
buildings represent 18% of that (Pérez-Lombard, et al., 2008). The majority of
consumption is heating, cooling, and electric lighting (USGBC, n.d.). The residential and
commercial building emit rough 39% of total carbon emissions (DOE/EIA “Annual
Energy Outlook 2013). Heating and cooling systems make up 54% of total energy use in
buildings. According to the US Energy Information Administration, Arizona’s air
conditioning energy consumption of 25% is more than four times the national average of
6%.
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Research Question
The following research question is being addressed:
1. Can transitional spaces lead to building efficiency and outdoor human thermal
comfort?

Figure 9: Problem Statement
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2.0 Proposed Method
This proposed method is used to develop an approach to enhance building
efficiency and outdoor human thermal comfort within shaded transitional spaces. Using
corrected climate data to a specific micro-climate.

v
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2.1 Define Project Site, Transition Space, and building where method will apply

2.1.1 Location of Study
The location of study is located in Organ Pipe Cactus National Monument. Organ
Pipe is located in Ajo, Arizona and is a U.S National Monument and UNESCO biosphere
reserve. It is located in extreme southern Arizona that shares a border with Mexico state
of Sonora. It is the only place in the United States where the Organ Pipe Cactus grows
freely. It is a beautiful National Monument where people come from all over to admire
the endless desert and see the organ pipe in its natural habitat. While visiting for our 601
Research Studio Project we got to immerse ourselves in the building environment. While
interviewing the people who work on site they discussed how they were not pleased with
their work space. They were upset that it did not take into consideration the surrounding
environment and that they kept having to crank the air conditioning.

Figure 10: Photo By Hussein

Figure 11: Photo By Hussein
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2.1.2 Current Resource Buildings
The current resource buildings stand as two mobile homes about 2500 square feet
each. They have no consideration for the surrounding environment as well as no benefit
for the efficiency of the buildings. The users of the mobile homes addressed their
concerns that their needs were not met for it to be considered an office building. They
also addressed their concerns that the comfort of the mobile homes indoors as well as
outdoors was not met. The orientation was incorrect and the direct sunlight coming into
the mobile homes created great glare and added to the inefficiency of the office space.

Figure 12: Drone Image by Omar Youssef

Figure 13: Organ Pipe Cactus National Monument Resource Building
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2.1.3 Proposed Office Building
The proposed resource building stands at roughly 5700 square feet. This proposed
design takes into consideration the surrounding environment as well as the efficiency of
the building. The design really focused on meeting the needs of the users and improving
their comfort in their work place. An element that was used in this design was the
orientation of the office building itself. It was oriented North/South which is proper
orientation for a hot arid region. Another element implemented was the use of rammed
earth; not only did this material blend seamlessly in with the surrounding environment
but it contributed to the efficiency of the building because of the high heat capacity of the
material. The high heat capacity allowed for the heat to be trapped during the day and
then released at night.

Figure 14: Render by Author
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Figure 15: Drone Image Render by Author

2.1.4 Transitional Space
The transitional space being investigated is located outside the research building.
The space is approximately 80 feet by 30 feet. The current transitional space provided for
the users of the resource buildings did not meet the needs for it to be considered
comfortable. It is oriented east and west which has a high amount of direct solar gain
throughout the day with improper shading.

Figure 16: Render by Author

Figure 17: Render by Author
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2.1.5 Basecase Simulation

Figure 18: eQUEST Simulation

eQUEST is a building analysis simulation tool. It is a program provided by the
department of energy to run energy simulations on commercial sized buildings. The
simulation compiles a report that in details gives you category by category where the
energy is being consumed and how many WATTS are being used in a year. It pinpoints
where the most energy is being consumed and allows the user to see where they need to
modify their building. (Hirsch, J. n.d.).
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The building schedule which is shown in Table 1, shows the general construction
of the building. It has the materials and elements that were used as well as the HVAC
systems and windows that were implemented during the construction and design process.
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Table 1: Building Schedule
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Table 2: COMcheck Simulation

COMcheck is a program that makes it easy to determine whether new commercial
buildings meet the requirements of the IECC and ASHRAE standard 90.1 as well as state
specific codes. This program is a process that demonstrates compliance with all
commercial energy code requirements for envelop, lighting, and mechanical systems.
(COMcheck n.d.). As shown in Table 2, the proposed design for the new resource
building passes code by 7 percent.
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2.2 Collect and Analyze On-site Microclimate Data More Appropriate for Analysis

Step 2 is an important step when analyzing the micro-climate on-site. The data that is
collected through this process provides a more accurate representation of the microclimate than of the generic TMY weather file.

2.2.1 Data Collection Instruments
The instruments used in the collection of the on-site micro-climate data were the
solar radiation shield with the HOBO data logger located inside and the non-contact
infrared thermometer.

Figure 20: Picture of Author with Climate Station

Figure 19: Picture of HOBO Data
Logger
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Climate stations are sophisticated, portable devices that were built by students
designed by the House Energy Doctor Program. The climate stations are mean to
simulate a human being. This specific climate station was two pieces of wood screwed
together. The climate station houses the solar radiation shield and HOBO data logger.
The climate station is designed to aid the collection of data to determine the variables to
assess the outdoor human thermal comfort level. (House Energy Doctor 2017)
The solar radiation shield consists of nine molded plastic plates that protects the
data logger from the elements. The multi plate design allows for maximum airflow
around the sensor and due it its white color has a high albedo to reflect the sun’s direct
radiation. It also allows natural air convention around the sensor so that the air
temperature inside the shield is a good representation of the outside air (Ambient
Weather, 2018).
The HOBO data logger is a small electronic device that records the following
measurements; dry bulb temperature, relative humidity, dew point, and light intensity at
set intervals over a period of time. Software is installed onto a computer and the user sets
parameters such as login interval and to launch the logger. Once the HOBO is launched,
it is placed within the radiation shield and secured. The HOBO then records
measurements along with date and time and stores them in its memory. The HOBO is
then removed from the radiation shield and the saved data is then downloaded to the
computer to view it.

1. Dry Bulb Temperature – the average temperature of the air surrounding the
occupant. (ASHRAE)
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2. Dew Point – the hypothetical temperature to which air must be cooled to reach
evaporation
3. Relative Humidity – the ratio of the amount of water vapor in the air to the
amount of water vapor that the air could hold at the specific temperature and
pressure
4. Light Intensity – measure of the wavelength0weighter power emitted by a
light source

Figure 21: Picture of Author with Non Contact Infrared Thermometer

The non-contact infrared thermometer is a thermometer that records surface
temperature from a portion of the thermal radiation emitted by the object being measured.
A laser is used to aid in aiming the thermometer from a distance. It is important when
comparing temperatures of different surfaces to be consistent with the distance you are
away from the surface for accurate comparative measurements.
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2.2.2 Locations of on-site micro-climate data
SHADED Location is a transitional space located on the east side of the College
of Architecture, Planning, and Landscape Architecture (CAPLA) building on the
University of Arizona Campus. It is located outside the Sundt Gallery which is a
prominent area where a lot of users and students pass by. This location was chosen
because of the heavy flow of foot traffic which would lead to more accurate results as
well as it being a shaded transitional space.

Figure 23: SHADED LOCATION

Figure 22: SHADED LOCATION CUBE

UNSHADED Location is also on the east side of CAPLA. This location is in the
direct solar gain and is roughly 100 feet from the first location. This location was chosen
because it provides no shade throughout the day. It is also a space where there is heavy
foot traffic due to students and faculty.
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Figure 24: UNSHADED LOCATION AND CUBE

2.2.3 Steps to Analyzing Microclimate Data
1. Set up the Climate Stations in SHADED and UNSHADED location
2. HOBO Data Logger will take dry bulb temperatures every 15 minutes from 9 AM
to 3 PM
3. Measure surface temperatures using the non-contact infrared thermometer for
vertical and horizontal surfaces, and the sky from every hour being 9 AM and 3
PM
a. Measurements will be taken such that the distance between the
thermometer and surface do not exceed 12X, where X is the diameter is
the tested surface area

36

2.2.4 Data Collected from the HOBO Data Logger
From the data collected one can see that the Dry Bulb Temperature and the Light
Intensity are higher in the UNSHADED location. This is due to there being more of a
direct solar gain in the UNSHADED location.
The Relative Humidity and the Dew Point are higher in the SHADED location
compared to the UNSHADED location. This trend came about because in the SHADED
area is takes more a substance to evaporate.

Table 3: Dry Bulb Temperature shown for SHADED and UNSHADED Locations
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Table 4: Light Intensity shown for SHADED and UNSHADED Locations

Table 5: Dew Point shown for SHADED and UNSHADED Locations
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Table 6: Relative Hunidity shown for SHADED and UNSHADED Locations
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2.3 Investigate and Calculate Outdoor Human Thermal Comfort in Transition Space

Outdoor human thermal comfort was determined in Ajo, Arizona. This is the
location of the project. The use of relative humidity and dry bulb temperatures were used
to plot on a psychrometric chart. A psychrometric chart is used to graphically display
human thermal comfort (Psychometric Charts). By plotting data points that represent air
conditions the over lapping of the data defines the comfort zone. This chart allows is to
become possible to see which passive design strategies can be implemented to achieve
human thermal comfort.

Figure 25: Monthly Average Dry Bulb Temperatures for AJO, AZ
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Figure 26: Monthly Average Relative Humidity for AJO, AZ

Based on the points plotted on the psychrometric chart in figure 27, for Ajo,
Arizona it is a very dry climate. It is noticeable that strong strategies to implement would
be shading evaporative cooling, and humidification. It is shown that there is relatively
low humidity with high temperatures.
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June
July
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October
November
December

Figure 27: Psychrometric Chart for AJO, AZ
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2.4 Investigate and Apply Different Strategies that Achieve Outdoor Human
Thermal Comfort

Step 4 is for investigating and researching different strategies that can achieve
human thermal comfort. These strategies were derived from Step 3 through the
psychrometric chart. Passive strategies that could be implemented in a hot arid region are
evaporative cooling, humidification, proper shading, and evapotranspiration.
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The use of cool towers is implemented in climates like Arizona. Arizona is a hot
arid region with low humidity and low wind speeds. “Natural down-draft evaporative
coolers, or Cool Towers, were originally designed and developed by scientists and
engineers at the University of Arizona’s Environmental Research Laboratory in Tucson
Arizona” (Chalfoun N.P. 2015). The hot air travels into the cool tower and hits a
cellulose pad. The cellulose pad is dampened which cools down the air naturally by
gravity. The cool air then drops down the shaft of the tower. The cool air is then
discharged and cool down the surrounding environment and area. This contributes to the
comfort of the users.

Figure 28: Cool Tower
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Proper shading is crucial when located in hot arid regions. The proper shading
devices and elements block the direct solar gain in the summer months. These shading
devices also allow for direct solar gain during the winter months. This contributes to the
outdoor human thermal comfort of the user.

Figure 29: Proper Shading for AJO, AZ
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Evaporative cooling is another strategy that can be implemented in hot arid
regions. Evaporative cooling leads to the reduction in ambient temperature resulting from
the evaporation of a liquid. It takes the latent heat from the surfaces where the
evaporation takes place. Evaporative cooling traps the latent heat inside the water
throughout the day. It then releases the heat throughout the night. (Chalfoun N.P. 2015).

Figure 30: Evaporative Cooling
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Another element that can help improve outdoor human thermal comfort is trees.
Trees can provide shading as well as evapotranspiration. Evapotranspiration is the
combination of transpiration and evaporation. “Evapotranspiration is defined as the water
lost to the atmosphere from the ground surface, evaporation from the capillary fringe of
groundwater table, and the transpiration of groundwater by plants whose roots tap the
capillary fringe of the groundwater table” (Evapotranspiration – The Water Cycle. N.d.).

Figure 31: Evapotranspiration
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2.5 Demonstrate How Outdoor Human Thermal Comfort can be Achieved by
Comfort Strategies.

In order to calculate outdoor human thermal comfort there are important variables
that are important to find. Mean radiant temperature, sky temperature, and dry-bulb
temperature. After these variables are calculated the effective temperature is found which
relates to finding the outdoor human thermal comfort.

Equation 1: MRT = ST1 X area1 + ST2 X area2 + STn X arean / Total area
The mean radiant temperature is the surface temperatures multiplied by the area
for all six sides then divided by the total area.
Equation 2: Ts = (Ɛs Ta4) ¼ (Mills, 1999)
And

Ɛs = 0.77 + 0.0038 Tdp (Burger et al.)

where

Ts = Sky Temperature
Ɛs = Sky Emissivity
Ta = Air Temperature
Tdp = Dew Point Temperature

Sky Temperature is a more complex equation. There are specific variables that are
needed to be found in order to properly find the sky temperature. The variables needed
are found from the HOBO data logger. Air temperature and dew point temperature were
recorded on 15-minute intervals in the data logger.
48

Equation 3: Dry-bulb + MRT/2 = Effective Temperature
Effective temperature is the sum of dry bulb temperature and mean radiant
temperature divided by 2.
Effective temperature is calculated from the radiation the surface emits.
Table 7: UNSHADED Location Calculations

Table 8: SHADED Location Calculations

The tables above represent the MRT, Dry Bulb Temperatures, and the Effective
Temperatures of the UNSHADED and SHADED locations. There is a trend between the
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three variables. In Table 3, the MRT is higher than the Dry Bulb which is then higher
than the Effective Temperature. In Table 4, the MRT is lower than the Dry Bulb which
then results in the Effective Temperature also being lower than the Dry Bulb.
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2.6 Use ‘Elements’ Software to Modify Generic TMY Weather files to Microclimate specific Weather Data

Elements is a software tool used for creating and editing custom weather files for
building energy modeling. Major capabilities and features include: read/wrie common
weather file formats (DOE-2.bin, .fmt) (energyplus.epw), browse and edit weather data,
and visualize weather data. (LLC, B.L.).
In step 6 weather files will be edited using ‘elements’. In order to accurately edit
the weather file the Dry Bulb reduction must be found. The dry bulb reduction will be
found by taking the different between the Dry Bulb and Effective Temperatures. Once the
dry bulb reduction is found it the PHOENIX Airport weather file must be edited. The
only variable edited is the Dry Bulb temperature.
2.6.1 Steps to Using ‘Elements”
1. Download the software ‘Elements’
2. Once the weather file is modified for the shaded region – save the weather file
under a specific name – ex. PATRICIA_SHADED
3. Modify the same weather file for the unshaded location – save the weather file
under a specific name – ex. PATRICIA_UNSHADED
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Figure 32: PHOENIX Airport Weather File

Table 9: DB Difference for SHADED Location
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Figure 33: Edited weather file for SHADED Location

As shown in Table 9, the dry bulb reduction between the dry bulb and effective
temperatures are roughly 2 degrees. The Phoenix Airport Weather file was edited using
the software ‘elements’.

Table 10: DB Difference for UNSAHDED Location
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Figure 34: Edited weather file for UNSHADED Location

As shown in Table 10, the dry bulb reduction between the dry bulb and effective
temperature were roughly - 4 degrees. This means that it was 4 degrees warmer in the
UNSHADED Location.

Figure 35: Relationship between Airport Data and Micro-Climate Data

As shown in Figure 35, the relationship between the airport data, SHADED, and
UNSHADED Location is shown. This shows the correction of the weather files. When
designing for an efficient building it is important to know the specific microclimate to
ensure that you are taking the right sustainable strategies into consideration from the
beginning.
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2.7 Simulate Energy Consumption of the Building Under both ‘as-is’ condition and
the Modified Conditions

Step 7 is simulating the modified weather files using eQUEST. The files being
use are the existing airport weather data and the two modified weather files. The
SHADED and UNSHADED files will be used to determine how a transitional space
effects the building performance.

Table 11: SHADED Location Simulation

Table 12: Airport Data Simulation
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Table 13: UNSHADED Location Simulation

As shown above the energy consumption changed in both the SHADED and
UNSHADED locations. The SHADED locations energy consumption went down while
the UNSHADED locations energy consumption went up. The airport weather file
basecase consumption was 3.50 kWh. The SHADED weather file consumption was 2.99
kWh and the UNSHADED weather file consumption was 3.89 kWh.
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2.8 Present Energy Savings

The percentage of change will be calculated in this step which will determine the
savings that come with having a transitional space. These percentage change are
calculated in comparing the utility bills.

Figure 36: Percentage of Change

The percentage of change is 14.59% in the SHADED location with a transitional space
which is roughly 100 dollars cheaper than the percentage change for the UNSHADED
location.
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2.9 Demonstrate an Example of how to use the Method

Step 9 is used to see how implementing a transitional space could lead to building
efficiency.
For example, the University of Arizona has a monthly utility bill of 6,000,000
dollars a month. So if you were to take the 14.59% savings the University could save
roughly 875,000 dollars a month and 10.5 million dollars a year. This 10.5 million dollars
in savings opens up the University’s opportunity to implement transitional spaces around
the campus or implement other sustainability practices.

Figure 37: Application of Transtional Spaces
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3.0 Conclusions

Figure 38: Render by Author

In conclusion this method proved that shaded transitional spaces do lead to
building efficiency as well as outdoor human thermal comfort. eQUEST simulations
proved building performance was indeed roughly 20% more efficient with a proper
shaded transitional space. Outdoor human thermal comfort was proven through
calculating mean radiant temperature. There was roughly a 10 degree difference between
the shaded transitional space and the unshaded transitional space. This is due to factors
such as shade, evaporative cooling and evapotranspiration. The rough hardscapes around
the unshaded transitional space absorb the direct solar radiation and trap the heat.
By taking generic TMY weather files and editing them to a specific micro-climate
make data collection more accurate. The relationship between the airport data and the onsite micro-climate help design for the most efficient building and outdoor space. It can
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help improve the initial energy consumption of the building and initial utility costs. With
the money that is saved over a period of time it could go towards implementing this
method for other buildings in the area. It also could become a method for developers and
architects during their design process to design the most efficient buildings.
Through a proper microclimatic analysis from observing the data plotted on a
psychrometric chart bioclimatic needs can be determined. Through this analysis it
provides an understanding of the relationship between the outdoor human thermal
comfort and the climate of the specific region.
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APPENDICES
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APPENDIX A
eQUEST SIMULATIONS
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eQUEST Simulation for BASECASE

Project/Run: OPCNM RESOURCE OFFICCES FINAL new - Baseline Design

Run Date/Time: 04/19/18 @ 14:05

Electric Consumption (kWh)
(x000)
6
5
4
3
2
1
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Area Lighting
Task Lighting
Misc. Equipment

Exterior Usage
Pumps & Aux.
Ventilation Fans

Water Heating
Ht Pump Supp.
Space Heating

Refrigeration
Heat Rejection
Space Cooling

Electric Consumption (kWh x000)
Jan
Space Cool

Feb

0.13

Heat Reject.

-

Refrigeration

Mar

0.21
-

-

Apr

0.28
-

-

-

Jun

0.98

Jul

1.61

Aug

1.81

Sep

1.79

Oct

1.15

Nov

0.87

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.05

0.12

0.00

-

-

-

-

-

-

-

0.00

0.00

0.13

0.14

1.74

0.10

0.03

2.29

0.00

0.03

0.08

HP Supp.

0.00

0.00

Hot Water

0.17

0.16

0.18

0.17

0.16

0.14

0.13

0.13

0.11

0.13

Vent. Fans

0.05

0.06

0.09

0.15

0.23

0.34

0.39

0.38

0.25

0.21

Pumps & Aux.

0.02

0.01

0.01

0.00

0.00

-

9.85

-

-

0.03

-

Total

0.08

0.00

0.02

-

Dec

0.35

-

Space Heat

Ext. Usage

0.02

May

0.60

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Misc. Equip.

1.47

1.33

1.53

1.47

1.53

1.47

1.47

1.60

1.34

1.53

1.40

1.35

17.50

Task Lights

0.20

0.18

0.21

0.20

0.21

0.20

0.20

0.22

0.18

0.21

0.19

0.18

2.36

Area Lights

1.02

0.87

1.01

0.91

0.93

0.88

0.89

0.99

0.84

1.01

0.92

0.93

11.20

Total

3.08

2.85

3.32

3.50

4.04

4.63

4.88

5.10

3.87

3.97

3.11

2.80

45.15

Gas Consumption (Btu)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

Space Cool
Heat Reject.
Refrigeration
Space Heat
HP Supp.
Hot Water
Vent. Fans
Pumps & Aux.
Ext. Usage
Misc. Equip.
Task Lights
Area Lights
Total

eQUEST 3.65.7173

Monthly Energy Consumption by Enduse

Page 1
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eQUEST
Simulation for SHADED Location
Project/Run: OPCNM RESOURCE OFFICCES FINAL AIRPORT DATA - Baseline Design

Run Date/Time: 04/19/18 @ 14:06

Electric Consumption (kWh)
(x000)
4

3

2

1

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Area Lighting
Task Lighting
Misc. Equipment

Exterior Usage
Pumps & Aux.
Ventilation Fans

Water Heating
Ht Pump Supp.
Space Heating

Refrigeration
Heat Rejection
Space Cooling

Electric Consumption (kWh x000)
Jan
Space Cool

Feb

0.02

Mar

0.04

Apr

0.02

May

0.09

Jun

0.21

Jul

0.53

Aug

0.61

Sep

0.58

Oct

0.35

Nov

0.23

Dec

0.06

Total

0.01

2.75

Heat Reject.

-

-

-

-

-

-

-

-

-

-

-

-

Refrigeration

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.01

0.02

0.28

0.96

-

-

Space Heat

0.28

0.20

0.12

0.05

HP Supp.

0.24

0.18

0.14

0.04

0.00

0.00

0.34

0.94

Hot Water

0.17

0.16

0.18

0.17

0.16

0.14

0.13

0.13

0.11

0.13

0.13

0.14

1.76

Vent. Fans

0.09

0.07

0.04

0.04

0.07

0.17

0.19

0.18

0.12

0.08

0.03

0.08

1.17

Pumps & Aux.

0.05

0.04

0.04

0.01

0.00

0.01

0.03

0.06

0.24

Ext. Usage

-

-

-

0.00

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Misc. Equip.

1.47

1.33

1.53

1.47

1.53

1.47

1.47

1.60

1.34

1.53

1.40

1.35

17.50

Task Lights

0.20

0.18

0.21

0.20

0.21

0.20

0.20

0.22

0.18

0.21

0.19

0.18

2.36

Area Lights

1.02

0.87

1.01

0.91

0.93

0.88

0.89

0.99

0.84

1.01

0.92

0.93

11.20

Total

3.54

3.07

3.29

2.99

3.12

3.38

3.50

3.70

2.94

3.21

2.80

3.37

38.89

Gas Consumption (Btu)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

Space Cool
Heat Reject.
Refrigeration
Space Heat
HP Supp.
Hot Water
Vent. Fans
Pumps & Aux.
Ext. Usage
Misc. Equip.
Task Lights
Area Lights
Total

eQUEST 3.65.7173

Monthly Energy Consumption by Enduse
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eQUEST
Simulation for UNSHADED Location
Project/Run: OPCNM RESOURCE OFFICCES FINAL SHADE DATA - Baseline Design

Run Date/Time: 04/19/18 @ 14:13

Electric Consumption (kWh)
(x000)
6
5
4
3
2
1
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Area Lighting
Task Lighting
Misc. Equipment

Exterior Usage
Pumps & Aux.
Ventilation Fans

Water Heating
Ht Pump Supp.
Space Heating

Refrigeration
Heat Rejection
Space Cooling

Electric Consumption (kWh x000)
Jan
Space Cool

Feb

0.25

Mar

0.38

Apr

0.49

May

0.92

Jun

1.41

Jul

2.19

Aug

2.40

Sep

2.45

Oct

1.68

Nov

1.38

Dec

0.62

Total

0.17

Heat Reject.

-

-

-

-

-

-

-

-

-

-

-

-

Refrigeration

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Space Heat

0.00

HP Supp.

0.01

-

0.00

-

0.00

-

-

-

-

-

-

-

-

0.01

-

14.34
0.03

-

-

Hot Water

0.17

0.16

0.18

0.17

0.16

0.14

0.13

0.13

0.11

0.13

0.13

0.14

1.73

Vent. Fans

0.07

0.09

0.13

0.20

0.29

0.40

0.45

0.46

0.32

0.28

0.16

0.05

2.91

Pumps & Aux.

0.01

0.01

0.00

0.00

0.01

0.03

Ext. Usage

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Misc. Equip.

1.47

1.33

1.53

1.47

1.53

1.47

1.47

1.60

1.34

1.53

1.40

1.35

17.50

Task Lights

0.20

0.18

0.21

0.20

0.21

0.20

0.20

0.22

0.18

0.21

0.19

0.18

2.36

Area Lights

1.02

0.87

1.01

0.91

0.93

0.88

0.89

0.99

0.84

1.01

0.92

0.93

11.20

Total

3.18

3.02

3.56

3.87

4.53

5.27

5.54

5.85

4.47

4.55

3.43

2.84

50.11

Gas Consumption (Btu)
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

Space Cool
Heat Reject.
Refrigeration
Space Heat
HP Supp.
Hot Water
Vent. Fans
Pumps & Aux.
Ext. Usage
Misc. Equip.
Task Lights
Area Lights
Total

eQUEST 3.65.7173

Monthly Energy Consumption by Enduse

Page 1
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