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Abstract
The subject matter of this report regards the overall efficiency of two University of
Arizona Dormitories from a cost, energy, materials, and construction techniques point of view.
Essential to this study was also the social habits of residents within the dormitories, and how they
effected the energy use. The two dormitories are considered “pre – LEED” as they were built
prior to the recent certification system. Both Manzanita – Mohave, and Coronado
Residence Halls were examined in a case study, and interview with the Director of Residence
Life, Alex Blandeburgo. In the case study portion, the dormitories’ refrigeration, electricity,
steam, and water consumption rates were investigated and compared. These 4 energy types were
then looked at from a cost perspective. Lastly, the use of sustainable materials was compared, as
well as the construction techniques, and design of each dormitory, and how this could affect
social habits, as well as energy use in the dorms. There were some very interesting findings that
can be taken from this report. To begin, Manzanita – Mohave was deemed the more sustainable
dorm, as its overall energy consumption rates per square foot were much lower than Coronado’s
(refrigeration, steam, electricity, and water). In addition to this, Manzi – Mo had less of a cost
burden on energy, and its construction methods facilitated less energy use. Additionally, the
social habits of
Coronado’s residents seem to favor much higher energy uses, which were attributed to their
response to the construction methods of the Coronado. These essential results and theories were
supported by the experiences of Alex Blandeburgo, and quintessentially mean that a residence
hall’s energy efficiency is effected more by the residents that live in it and their habits, rather
than its construction techniques, or LEED certification.
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Introduction
Sustainable building design is a topic that has fluctuated in popularity throughout the last
three decades. In the most recent years, it has resurged considerably, as the general population is
beginning to realize, that human lack of understanding in topics such as energy efficiency and
sustainability can take quite a toll on our environment. The green building movement is
becoming quite prevalent in today’s society, not only as a way to help the environment and
increasing population, but as a stamp of credibility that many businesses and corporations can
use, to show that they care about the environment, and society’s well-being.
There are many rating systems devised to rank buildings on their sustainability and energy
efficiency efforts, one such program “LEED,” is at the forefront of these ranking entities.
LEED, or Leadership in Energy and Environmental Design was created in March, 2000 by the
U.S. Green Building Council as a way to award commercial, residential, and institutional
projects for their commitment to sustainability and green building. The program has grown
considerably in recent years (see figure below).

Figure 1. LEED Projects
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Many building owners strive to obtain “LEED certification.” The title of being LEED
certified comes from a rating system based on a number criteria including sustainable building
materials, solar orientation, energy efficient appliances, shading, and many other sustainable
tactics. When a building becomes “LEED Certified,” it achieves this title by meeting one of four
benchmarks. These benchmarks are “Certified,” “Silver,” “Gold,” and “Platinum” ranked from
lowest to highest. When a building has successfully become certified, the minimum requirements
are met for LEED distinction. However, with the “Platinum” title, building projects have
manifested the ultimate sustainable title according to LEED standards and are thus
environmentally responsible, and highly efficient. There are currently around 5000 projects that
have successfully achieved the LEED Platinum ranking, and it is quite a long process to do so.
However, not all sustainably constructed buildings are LEED certified. Though this
accredited program and system have helped the building industry create cost and energy efficient
structures, there are millions of other structures whose energy use and environmental effects
could be monitored as well. Many buildings were constructed before the LEED system was
created, and thus, never had a chance to be certified. Furthermore, LEED certification is a system
of classification used to rate the way a building was constructed, but many more factors go into a
buildings energy use. Such factors include residential habits, social norms, human apathy, and
many other anthropogenic factors.
In this case study, two dormitories on the University of Arizona campus were compared,
analyzed, and considered from a cost, energy, and environmental standpoint. These dormitories
were selected purposely because they are not LEED certified, and thus their sustainable
performance will likely be different, but in what ways? The way the energy is used, costs are
generated, and sustainable materials are used, will be considered in the recently renovated
Coronado residence Hall, and the Manzanita - Mohave Residence Hall. Identifying how efficient
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these buildings are from a pre – LEED construction standpoint will be essential to this project.
Additionally, it will be just as essential to understand the habits and social patterns of the
residents who use them. To understand the sustainability of these buildings, they will be
compared to one another, after which relative rating scales will be used so that in the end, scores
can be attributed to each building, to identify how efficient they are. The end goal of this project
will be broken down into three parts:
1. To understand how, two “pre-LEED” dormitories differ and compare with one another
from an energy, cost, and environmental point of view.
2. To understand why two “pre-LEED” dormitories differ and compare with one another
from an energy, cost, and environmental point of view.
3. To understand the social habits of residents to attribute the dorms energy use to the
dorms residents habits, or to the construction methods used in creating the dorms
themselves. At the end of this extensive analysis, one dorm will be identified as more
sustainable, and reasons for the difference in dorm efficiency will be extensively
analyzed.

Methodology
For the project, a case study was performed comparing two pre-LEED student
dormitories on the University of Arizona campus. The goal of this project is to determine why
these dormitories use the amount of energy they do, whether or not these energy figures can be
attributed to the construction methods, or residential patterns of the building, and lastly which
dormitory utilizes the most energy and cost efficient strategies. The term “case study” has many
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different interpretations, but in general, a case study is “a form of qualitative descriptive research
that is used to look at individuals, a small group of participants, or a group as a whole.
Researchers collect data about participants using participant and direct observations, interviews,
protocols, tests, examinations of records, and collections of writing samples.”
(writing.coloradostate.edu). In this case, direct observations, examinations of data records,
interviews, and collections of writing samples will most likely be the best research strategies.
It will be essential to obtain energy use bills, various monthly, and annual costs, as well
as general information on the construction and materials used within the building’s themselves.
A lot of this paperwork and information will be provided by the project’s mentor, who is a
mechanical engineer for the planning and development department here at the University of
Arizona.
Particularly, it will prove beneficial to calculate the amount of water that is used, types of
energy used, and especially the specific energy used per square foot in each building, and more.
Along with these energy factors, the relative energy costs for each will be determined as well.
Additionally, there will be discussion on the specific materials of each dormitory structure, their
associated r values, and other relevant information.
Lastly, once the energy, building material, and cost structures have been investigated,
reasons for why the dormitories differ in usage and energy production will be analyzed, and
hypotheses will be given as to why a difference or similarity exists. In conclusion, one dormitory
will be deemed more sustainable.

Literature Review:

10
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The central goal of this project is to look at the overall sustainability of two “pre-LEED”
campus dormitories, and how they both use energy, incur costs, and use sustainable materials.
That being said, the main notion here is sustainability, and how the two buildings make an
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impact on the environment, as well as the population around it. This idea of sustainability has not
always been around, and the term has gained a large popularity in recent history.

The

sustainability movement in the United States can be traced back to three separate instances and
movements. The first of these movements, known as the “conservation movement,” occurred in
the late 1800’s and early 1900’s. “We must maintain for our civilization the adequate material
basis without which that civilization cannot exist. We must show foresight, we must look ahead”
This quote from then-president Theodore Roosevelt exemplifies the conservationist movement in
a nutshell. Key characters such as U.S. Forest Service Chief Gifford Pinchot, conservationist
John Muir, and Theodore Roosevelt worked hard to enact laws and policies which helped
preserve and conserve various natural areas in the United States. Multiple National parks were
created, as well as new and expanded National Forests. This primary movement set the stage for
modern sustainability and efficiency mainly by identifying that the natural environment is of
utmost importance, and humans must coexist with it. Thus there is a duty to act as its stewards.
The second important movement in American history can be traced back to the mid-late 20th
century; a period in which industrialism and pollution had been occurring frequently for many
years, while the natural environment reaped the negativities of each. However, these atrocities
were noticed by public opinion when publications such as “Silent Spring,” by Rachel Carson,
and newly enacted laws such as the “National Environmental Policy Act of 1960,” claimed that
“to create and maintain conditions under which man and nature can exist in productive harmony,
and fulfill the social, economic, and other requirements of present and future generations of
Americans” (Sustainability and the U.S. EPA, 2011). Subsequently, the
Environmental Protection Agency (EPA), Department of Transportation (DOT), and Department
of Energy (DOE), were created to manage recently drafted environmental protection laws and acts.
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This second movement further incited a sustainable fire in the public which has grown significantly
in recent years.
The third and final movement that facilitated the creation of the sustainable movement is the
most recent, and modern approach to sustainability. Many worldwide environmental conferences
and meetings lead to the modern definition of sustainable development. At the World
Commission on Environment and Development, the commission helped to define sustainable
development as “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.”
Additionally, thousands of the world’s scientists and administrators met at the first “Earth
Summit” in 1992; a worldwide conference in Rio De Janeiro, which helped produce some of the
most heralded documents on sustainability in the world. Among these documents were a
statement on sustainability called the “Rio Declaration,” a statement on forests, a convention on
biological diversity, and lastly a 700 page sustainability action plan known as “agenda 21.”
(“Sustainability and Cities: Overcoming Automobile Independence,” Peter Newman, Jeffery
Kenworthy, 1999). This agenda is divided into 4 different sections, the first of which deals with
social issues such as maintaining population growth, consuming resources efficiently, and
fighting poverty. The second section encompasses the protection of environments, control of
pollution, and management of toxic sites. The third section deals with strengthening the roles of
various groups such as the business and industry sector, local authorities, farmers, women and
youth. Finally, the fourth section deals with implementation strategies such as technology,
science, and financial plans. Agenda 21 is central to modern sustainability, and has been adopted
in many local and global environments. After global meetings such as the “Earth Summit,” and
the “World Commission on Environment and Development” three central pillars became
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recognized as sustainable ideals. This sustainable triangle is composed of a social,
environmental, and economic pillar, each of which have great importance in the overall
movement. First, social sustainability encompasses the overall well-being of the people within a
community. This principle works to allow physically and mentally healthy environments in
which people can coexist. Secondly, environmental sustainability, perhaps the most popular,
deals with conserving the natural environment. This is done in a variety of ways from managing
energy production, to implementing open green spaces within city limits. Lastly, economic
sustainability can be understood by examining the cost effectiveness of energy production, as
well as monitoring the local economy. Empowering local food production is a huge strategy of
economic sustainability, and the more processes can be carried out civically, the better. However,
just what is the actual scope of this sustainability triangle, and on what bounds can it operate?
To begin, it is necessary to understand sustainability from a broad perspective; one that
encompasses an entire region or city. The concept of sustainability in general has been around
for quite a while, however, only recently has it made its way into the way cities are designed and
planned. In 1996 another global conference was held, entitled the “city summit,” where many
nations stated that they had made headway in sustainable city development. As the popularity of
sustainable cities grew, a working definition of city sustainability was developed, and reads:
“The reduction of the cities use of natural resources and production wastes, while simultaneously
improving its livability, so that it can better fit within the capacities of local, regional, and global
ecosystems” (Newman, Kenworthy 1999). There are a couple different models that have been
implemented to explain sustainability. The first, is known as the metabolic model, and displays
cities as biological systems. This approach focuses heavily on the inputs, and outputs of a city;
the more something is input, the more output will result. Just like the human body or any other
biological system, with more resources consumed, more waste will be generated. Thus, the
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metabolism model posits that the best way to ensure waste reduction is to limit the amount of
input. Though this system is biologically sound, it does not account for human livability, social
gathering, and economic and financial opportunity. Thus, an “Extended metabolic model” can be
described as the proper way a city might achieve sustainability. There are many ways that cities
can foster a sustainable character while achieving proper conditions for citizens as well. Certain
examples include:
-

Industries monitoring input and output values while keeping a close watch on economic
success, and worker safety as well.

-

Neighborhoods and households monitoring their waste generation, and helping create a
livable environment that fosters urban sustenance.

-

Finally, small and large businesses can implement the extended metabolism model, which
has recently become somewhat of a standard in the corporate world (Newman and
Kenworthy 1999).

Sustainability in cities is a newer movement, and the extended metabolism theory has helped
pave the way for many modern sustainable practices. However, another movement known as
sustainable urbanism, or “new urbanism” has taken the extended metabolism theory, and further
specified elements of city efficiency. Many of these elements include the way a city is designed
and laid out, such as mixed use design, dense development, mass transit oriented, as well as
environmental and economic indicators like a substantial amount of open space within the city,
renewable energy use when possible, local agriculture, sustainable building design, and a
prospering local economy.
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“There are two things Americans dislike: density and sprawl.” – A new urbanist saying
Sustainable urbanists are heavily focused on dense development and limited sprawl. Developing
compact cities has a plethora of positives, and greenhouse gas reduction is arguably paramount.
“Carbon dioxide and other climate changing gases produced by human activities, respects no
borders, combining each individual’s contribution into one large global problem. Reducing per
capita production of greenhouse gasses becomes an essential strategy so much so that increasing
local density has a global benefit” (Douglass Farr, Sustainable Urbanism, urban design with
nature, 2008). Thus, densely constructed cityscapes facilitate walkability, as well as other
alternate forms of transportation such as cycling, or mass transit, thereby working to cut down on
fossil fuel.
Along with dense development, a central concern of the sustainable urbanist movement is
developing cities in which buildings and neighborhoods have multiple uses. Instead of
encompassing suburban sprawl, where various aspects of life such as work, school, shopping,
and residential areas are spread throughout a sprawling environment conducive to automobile
reliance. Developing mixed use areas can help curb traffic congestion, foster connectivity among
neighborhoods, as well as open up the opportunity for communities to use mass transit devices.
(Quick notes, American Planning Association). In addition to a denser, and more efficient
environment, these mixed use areas tend to foster a much higher level of community, with
vibrant main streets people gather on the weekends to socialize and see the city. Along with this
sense of community, comes a heightened sense of security as well, which is facilitated by the
densely packed community.
Moreover, studies show that a large amount of the increasing population will be
gravitating towards mixed use, dense city environments in the future. “They will include
students, single young professionals, childless couples, and those whose children have left
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home.” (Reclaiming the City: Mixed Use Development, Andy Coupland, 1997) As larger groups
of people begin to gravitate towards these environments, they will need to expand, and build
upon themselves; thus it is essential that they do so sustainably. In attempting to do this,
transportation networks, open spaces, local economies and agriculture, as well as renewable
energies and materials should all be tactics frequently used.
“A foundation to urban sustainability is the overriding objective to achieve a high quality of life
for the whole community within a socio-economic framework that minimizes the impact of the
city on the local and global environment.” (Future Forms and Design for Sustainable
Cities, Mike Jenks, Nicola Dempsey, 2005)
Sustainable transportation networks are successfully created through a sustainable tactic
known as “transit oriented development.” The basic tenets of transit oriented development
require central neighborhoods with nearby proximity to a transit stop or location, so pedestrians
can easily walk to and from close by transit hubs. This strategy is pretty self-explanatory in that a
community participating in TOD is actually oriented around a transit access, facilitating
sustainable transportation. Along with the sustainable benefit, many TOD’s have low income
housing nearby, showing another positive aspect of this system. For Transit oriented
development to be successful, it is essential that planners and developers create dense living
environments in close proximity to the transit hubs, with efficient walkable paths for pedestrians.
Planners have developed the following three zoning strategies to create the best transit oriented
development; Active pedestrian friendly streets, Building intensity and scale, and Careful transit
integration. (Transit Oriented Development, Joe Holmes, James van Hemert, 2008). If these
strategies are used efficiently, TOD’s can promote local business and retail, stem auto-related
infrastructure, and generate healthy, cost effective communities centered on sustainable transit
systems. (Holmes, Hemert 2008).
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In addition to this transit centered development, the idea of “green” or “complete” streets
is a more recent notion that provides safety, climate, transportation and landscaping benefits all
in one design. The idea of a complete street has been around since the 1970’s, and was first
implemented in the states of Oregon and Florida. A complete street is somewhat intuitive, and is
a sustainable way to design city streets so that they can accommodate automobile, bicycle, and
pedestrian traffic. The basic design strategies encompass smaller street widths, green
infrastructure, and added sidewalks or bike lanes. Wide streets facilitate unsafe environments for
travelling pedestrians and bicyclists, while also negatively effecting the surrounding ecology,
thus smaller road widths are necessary. Additionally, the implementation of green infrastructure
techniques has seen a large increase in recent years, especially in areas like the south west, as
drought has become a prevalent environmental concern. Implementing green infrastructure
means using strategies such as bio retention areas, cisterns, and an overall increased amount of
green space to help retain storm water as close to the source as possible, while also alleviating
the urban heat island effect. Green infrastructure can be added to the street side environment, as
well as residential and commercial settings, thus incentivization for such projects has increased
in subsequent years. “Complete Streets, in conjunction with green infrastructure, is a tremendous
opportunity to improve the livability of our communities, both now and for future generations.”
(www.smartgrowthamerica.org)
Moreover, the use of open space within city environments is completely crucial for social,
as well as environmental sustainability in the built environment. It is quite important that as
citizens, we be stewards to the natural environment that surrounds us on the planet. Though city
environments are regularly considered busy concrete jungles, an increasing amount of
metropolitan areas have implemented green environments within the city limits. These areas
greatly help the overall well-being of the city population, providing psychological and social
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benefits. Results confirm that the “experience of nature in urban environment is a source of
positive feeling and [provides] beneficial services, which fulfill important immaterial and
nonconsumptive human needs.” (The role of urban parks for the sustainable city, Anna Chiesura,
2004). While urban greenery can elevate the moods of the public, it also serves environmental
benefits as well. Open spaces can trap rainwater, decrease the urban heat island effect, as well as
foster minimal wildlife in its boundaries.
Additionally, it is incredibly important that local agriculture and economy be supported
within the built environment. This idea is pretty simple, in that producing larger amounts of a
cities food source locally will in turn put money back into the local economy. Thus, food will not
have to be imported from other cities or abroad which will cut back on costs. Outsourcing food
production needs to be limited if a city environment is to be considered sustainable.

Lastly, the

use of renewable energies and materials is essential for a sustainable metropolitan domain. In
1980, The United States Federal Emergency Management Agency prepared a report that argued
for an end to fossil-fuel domination in the United States. However, it was shelved due to it
threatening oil and coal profits. (Urban Energy Transition: From Fossil Fuels to Renewable
Power, Peter Droege, 2008). Though this report would have been a large leap forward for
American sustainability, the same principle still applies, that global reduction of fossil fuels is a
necessity. Transitioning from fossil fuels to renewable power is an issue of politics, and policy.
Thus, it is paramount that through community supported legislation and incentivized rebate
programs, infrastructural and building changes are made to overcome the urban power authority.
The use of solar, wind, biomass, hydroelectric as well as sustainable building materials and
strategies are available; what is needed is employment of successful market strategies that will
grasp the public’s attention, and give cause to transfer power sources and building materials
(Droege, 2008). As fossil fuel availability continues to recede, the use of renewable power looks
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more and more plausible. Though economically, a sudden overhaul on the nation’s power source
is not inherently viable, over time, renewable wind, solar, hydroelectric and biomass power will
likely enter into metropolitan environments (which has already begun). The technologies and
demand will increase, thus driving down costs making implementation very straightforward.
Not only will renewable energy implementation progress metropolitan development, but the
very construction and building materials with which city buildings use help to decrease carbon
emissions, and draw down the overall energy production of the structures. There are a plethora of
sustainable building strategies that have been developed in the wake of the third sustainability
movement; many of which have already began to be used quite frequently. Geometric shape,
building orientation, wall and roof construction and insulation, infiltration, shading, energy
efficient windows, and roof reflectance are just a few strategies for drawing down the total
energy output of a buildings envelope. With proper utilization, building owners will find that
costs, as well as energy production will both be drastically reduced; creating not only an
environmentally efficient building, but an economic and social one as well.
One movement that has greatly pushed sustainable building forward is the LEED
initiative, developed by the United States Green Building Council. The LEED enterprise is a
ranking system that takes into effect all sustainable building strategies, and acts as a certification
process that recently developed buildings can apply for. If the building matches LEED’s
requirements and guidelines, the building can receive a plaque th at deems the structure
anywhere from “certified” to “platinum,” depending on how efficient the building really is.
Though this process is cutting edge, and currently being widely used, it has not been around for
very long. The LEED certification process is used in many different types of buildings
nationwide. Within the University of Arizona campus, two dormitories have been deemed LEED:
Platinum, and are said to be incredibly efficient and sustainable. However, the LEED process is
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not used in many buildings, and thus they have not been analyzed or picked apart for their
efficiency. That is why the two residence halls Manzanita - Mohave and Coronado on the
University of Arizona campus will be extensively analyzed for energy use, cost effectiveness,
building materials, and residential social habits. Once this analysis is complete, reasons and
hypotheses will be generated for the similarities and differences of efficiency in each building.
Ultimately, one dormitory will be deemed as more sustainable.

Data:
Case Study
There were three central studies conducted in the analysis of these dormitories; the first of
which was a comparison of energy and water use between Coronado and Manzanita – Mohave
dormitories. This study yielded data that was composed into the following 4 categories:
Refrigeration (cooling), electricity, steam (heating) and water use. The first three composed the
energy use, and the fourth, water was analyzed for consumption rates as well. Each of these
categories gave data that was summed, and manipulated to give the relationships and
comparisons presented in the sections below.

Interview
An interview was conducted on March 12, 2015 in Likins Dormitory conference room, with
the project mentor, Charlie Lynn, and Alex Blandeburgo, the director of residential facilities for
residence life. Throughout the interview, the two specific dormitories were discussed in detail,
ranging from energy use, to their history and mechanical, and architectural design. Mr.
Blandeburgo was very helpful in confirming ideas and notions about the dormitory usage
identified in the data from the case study.
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Results and Discussion
Energy Use:
Throughout this study, the total energy use of Manzanita – Mohave, and Coronado
dormitories was calculated over the past 4 years. This analysis encompassed total refrigeration
(cooling), total steam (heating), total electricity, and total water. This data was monitored over
each month, since 2010, and then compiled into an excel sheet. The original consumption data
for refrigeration was measured in Mmbtu, water was in gallons, electricity was in kilowatt –
Hours, and steam was in kilo pounds. Thus, to compare such data, a uniform unit needed to be
used. Since water usage is not an energy cost on the overall energy bill, it was not included.
However, Refrigeration, electricity and steam were all converted to Btu/sf for whichever dorm
they were calculated from. They were analyzed on a per square foot basis to strip each dorm of
its size, and compare the raw energy. The various example calculations for Coronado are shown
below. They are the same for Manzanita – Mohave, but a different square footage was used.

1. Total Refrigeration:
Coronado sf = 147365
•

(Mmbtu/147365 * 1,000,000) = Btu/sf

2. Total Electricity
1KWH = 3413 Btu,
•

1KWH * 3413Btu/KWH/1,000,000 = Mmbtu

•

(Mmbtu/147365 * 1,000,000) = Btu/sf

3. Total Steam
Steam in dormitories runs at 900Btu’s/lb
4. (900 Btu/lb * 1000Klb= 900,000Btu/Klb)* (Steam number in data)/1,000,000 = Mmbtu
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5. (Mmbtu/147365*1,000,000) = Btu/sf
Once units were finally uniform, comparisons and assumptions regarding the data could be made.
Case Study
Yearly Refrigeration consumption comparison

Refrigeration consumption is a measurement of the amount of campus chilled water energy
in BTU’s that is consumed when the dorm is using air conditioning, or other cooling devices.
The two dormitories depicted represent normal data patterns, showing a decreased amount of
cooling used in autumn and winter months, while an increased amount of cooling is used in the
summer (See appendices A and B). As mentioned earlier, Coronado residence hall underwent a
major renovation during 2011 – 2013 resulting in misleading data in those years, as cooling
was likely turned off or cut back. It is also noticeable that at the end of this renovation period
(August 2013) the cooling rates go back up again, yielding much higher values than that of
Manzi – Mo. Though Manzi – Mo uses less energy overall, these two dormitories were also
analyzed on square foot basis, pictured in the graph below. It appears that during Coronado’s
renovation period, much less energy per square foot was used, when compared to Coronado,
however in one year on either side of this period, Coronado used more energy. This proves that
not only does Coronado use more energy because of its size, but also from the way that the
buildings energy is used. After the facility was remodeled, the year 2014 yields the highest
energy per square foot over the last 5 years, almost doubling that of 2010, pre remodel. A central
reason for this comes down to human preference within the building. As will be discussed later,
in 2010, the range for room temperature preference within the building was quite small.
However, due to the recent renovation, residents are now able to lower, and raise the temperature
between heating and cooling much more often. The graph below is a testament to the fact that the
human comfort is often heald more highly than energy use and conservation.
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Figure 2: Coronado vs. Manzi Mo Refrigeration

Yearly Electricity consumption comparison

As expected, there was not much information to extrapolate from purely electrical data.
Beginning with Coronado, it appears that all the data follows a general trend in values, generally
remaining under 200,000 Kilowatt – Hours per month save for the one anomaly present in 2014.
This is likely just an anomaly in the original raw data. However, it is noticeable that in the year
2014, less electricity was used when compared with the other 4 years (See appendices C and D).
This is likely due to the recent renovations that took place in Coronado. Though these
renovations dealt mostly with plumbing issues, it should be noted that thermal and kinetic
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motion sensors that control lighting and more efficient fixtures were installed in Coronado
during the renovation period, likely causing the overall Kilowatt – Hour value to drop. Similarly,
Manzanita –Mohave appears to be consistent, usually remaining under 100,000 Kilowatt – Hours
per month. However, in the summer months, specifically around July, each line is extremely
elevated. This is likely another anomaly, and was later explained in an interview with University
of Arizona director of residential facilities – Alex Blandeburgo. When analyzed on a per square
basis, it is noticeable that Manzanita – Mohave has a fairly consistent electric bill. However, the
energy use for Coronado is relatively unpredictable, likely due to the renovation process.
Additionally, it seems that the infrared and kinetic motion sensors have not had much impact (on
per square foot basis) on the electrical bill, as the energy use for 2014 is nearly 20% higher than
2010.
Figure 3: Coronado vs. Manzi - Mo Electricity

Yearly Steam consumption comparison

Overall, steam rates predictably stayed low over every month of the last 5 years, with

Figure 4: Tucson Historical Weather

Manzanita – Mohave using more energy in total than Coronado. This can be expected in a hot
desert climate. Each dormitory has higher rates of steam used in the winter months, as
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temperatures drop for a few weeks (see appendices E and F). In this graph, Tucson’s historical
average monthly temperatures were analyzed, to see if they would correlate to the heating and
cooling use data, and there appears to be minimal variance. There have not been any outlandish
weather or climate fluxes in the Tucson area in the last 5 years, and the gathered data matches
that.
Manzi – Mo yielded more consistent data, while the Coronado data proved to be highly
unpredictable, once again likely due to the renovation period, not a climate anomaly. Lastly, the
steam data was also analyzed on a per square foot basis, resulting in the graph seen below.
According to this graph, Manzanita Mohave has used quite a bit more heating energy over the
last 5 years than Coronado. While much of this energy loss in Coronado can be attributed to the
renovation period, rates in 2010, and 2014 for Manzi - Mo are still much lower than Coronado.
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Figure 5: Coronado vs. Manzi - Mo Steam

Yearly water consumption comparison

Though these graphs have a similar graphical pattern, it appears that when comparing years,
Coronado uses more gallons of water in total (see appendices G and H). This is also supported on
a square foot basis, seen in this graph, for the relevant year 2010. It appears that per square foot,
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Manzi – Mo’s water use stays relatively constant, like many of the other energy patterns seen in
the monthly graph data. Additionally, it seems that the renovation of Coronado was highly
effective when it comes to water use, as one can deduce from year 2010 – 2014. In 2010
Coronado used just over 100 Gallons/sf, while in 2014 that number dropped to around 20
Gallons /sf.

Figure 6: Coronado vs. Manzi Mo Water

Interview
On March 12, 2015, an interview was conducted with Alex Blandeburgo, the director of all
residential facilities for all of residence life at the University of Arizona. His responsibilities
include overseeing maintenance, custodial, access control, renovations, deferred maintenance,
and capital planning for all of residence life. Everything from the dormitory’s history, to the
specific materials used was discussed, and to begin, Alex talked about the history of each
dormitory’s renovation. Coronado was renovated from late 2011 through early 2013, thus there
are some disparities in the energy use for that dorm. Manzi – Mo however was renovated
approximately 15 years ago, thus before the scope of the energy analysis. Since the renovation,
occupancy during the summer has also increased greatly, according to Blandeburgo, who stated
that Coronado summer guests attribute 593 total bed nights in the summer, while Manzi – Mo
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only has 350. A bed night accounts for one person for a one night stay. So if 10 people stay for
10 nights that is 100 bed nights. If one person stays for 10 nights, that is 10 bed nights. This can
likely account for the heightened electrical anomalies seen in appendices C and D.
Coronado is oriented in a North/South fashion, while Manzi – Mo is oriented East/West.
This actually plays a decent factor in energy output, as Coronado’s South facing rooms will
receive solar warmth annually, and especially during the winter months, with the North facing
rooms remaining much colder. However, since Manzi – Mo is oriented East/West, an evenly
distributed amount of energy will strike the walls.
Blandeburgo also stated, “I would say that the energy use is more dictated in my opinion,
from the occupants and how they utilize it, and some of the constraints in the systems themselves
in regards to heating and cooling within rooms.”

Cost Analysis
The analysis of the cost of energy can be a very detailed process, including equipment costs,
installation costs, financing costs, etc. However, to understand and relate the two dormitories, the
cost comparisons have been left fairly transparent. The way the energy costs will be compared in
this report will be according to the costs of refrigeration, steam, electricity, and water. This scheme
was devised from one of the main tenets of energy analysis according to the International
Renewable Energy Agency. In accordance with the actual energy data, the costs per million
BTU’s (Refrigeration), Kilowatt – Hours (Electricity), Kilo – Pounds,(Steam) and gallons
(Water) were attributed to the various energy types, and have been compared for study.
Case study
The data in this case study was obtained from the original data used above in the energy analysis
section. The unit cost factors were obtained and applied to the different sources of energy. The cost
of electricity on campus is relatively inexpensive, (compared to other local residential buildings)
around $0.0684/Kwh, while steam and central hot water (refrigeration) cost $14.7225/Klb and
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$6.8833/Mmbtu respectively. The following graphs were created to help visualize this comparison.
As one might think, given the warm desert climate of Tucson, the highest percentage of energy use
within the dormitories is clearly refrigeration, or cooling, with a decent amount of electrical use
and minimal steam. However, when the various costs are applied to each dormitory, the results
show that comparatively, cost of refrigeration is very minimal compared to that of electricity, while
a huge amount of cooling is used in each dormitory, the price per unit of energy is a significantly
less than that of heating, and quite a bit less than that of electricity. The overall cost of energy in
each dormitory, is most heavily swayed by the way that the electricity is used in the building. With
such a high unit cost, electrical consumption accounts for so much more of the overall cost than
the other two energy sources. It appears electricity usage is of central importance and was thus
compared to the energy cost of another residence hall off campus, called Manzanita Hall, on the
Arizona State University campus. Shown in the graph below it seems that at Arizona state, even
less steam is used, and much more money is spent on electricity.
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Figure 7: Manzi - Mo Total Cost 2014
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Figure 9: Coronado Total Energy 2014

Figure 10: Manzi - Mo Total Energy use 2014
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Figure 11: Manzanita Hall (ASU)

Interview
There was minimal cost analysis to discuss in the interview with Mr. Blandeburgo, however he
did tell me the specific materials used in the residence hall construction, each of which are listed
below.
Coronado
Steel Frame Skeleton

Manzanita - Mohave
Concrete slab frame

Asbestos fire proofing
Double Red Brick
Gypsum Board
Double pane windows

Double Red Brick
Block w/ Sand blast
Single pane windows
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After looking at the various materials above, it is necessary to discuss the source of these
components. Mr. Blandeburgo and Mr. Lynn were able to provide locational information for
these materials. Both the double red brick as well as concrete were sourced locally, making up a
large amount of each buildings construction. This fact is desirable for each building, as local
materials are much more sustainable than ones that must be nationally or internationally
transported. The overall size of Coronado is much larger, thus in total it likely cost more to
construct, however if both buildings were the same size, Manzi – Mo’s construction methods
were likely less expensive. In the materials section below, it is explained how many sustainable
techniques were implemented in the renewal of Coronado which had a large price along with the
actual renovation. These costs accompanied by the additional energy and water use in described
earlier favors Coronado as a more expensive modern building than Manzanita – Mohave.

Materials
Interview
Alex was very helpful in determining the specific construction materials used in both dormitories
structure, listed in bullet format below.
Coronado construction materialsManzi Mo construction materials
•
•

•
•
•
•

Steel frame skeleton
Asbestos fire proofing
•
Double Red
Brick Envelope
(sourced locally)
Uninsulated wire lathe
Cement plaster interior
walls
Gypsum Board
Double pane glass

•
•
•
•
•
•

Concrete poured in place
Post and beam construction
Double Red Brick (Sourced
locally)
Stucco & brick in some areas
Block w/ sand blaster
interior
Single pane windows
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In addition to the materials listed above, certain sustainable tactics should be noted in the
construction process of each dorm. Most notable is Coronado, which was renewed recently with the
following sustainable implementations installed:
•

Dual flush toilets

•

Occupancy sensors (in hallways, study rooms, bed rooms)

•

Lighting retrofits: T12 bulbs  T8 bulbs

•

Low VOC paint

•
•

Recycled carpet material
Green outlets

•

Rolling shades
Alternately, Manzanita Mohave was restored nearly 10 years before modern sustainability thus
its construction and renewal only encompasses low VOC paint.

Construction Methods
Case study
One might guess that from a case study, not much could possibly be inferred about the
construction methods and design of a building, however, the way that specifically water in the
two dormitories was used led to the development of a theory on residential use. As seen in the
two figures below, is the Total Water use per Bed throughout the last four years. Though years
2011 – 2013 should really be considered invalid (renovation years), 2010 and 2014 are
completely useful for interpretation. That being said, from the building plans it became clear that
the Coronado residence hall employs a suite style living arrangement, in which residents are
given their own showers and bathrooms within their room. However, Manzanita Mohave uses a
community style living situation, in which community bathrooms that serve the entire halls are
used. After carefully observing the water use data depicted below, it is clear that Coronado has
used quite a bit more water in the past 2 valid years rather than Manzanita Mohave. The theory
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behind this is that much more water is used in the Coronado residence hall due to the way the
rooms are constructed. More people are willing to use more water in a private situation
(Coronado) rather than a public one (Manzi – Mo) thus explaining why this imbalance in water
usage exists. Additionally, the water used in Coronado for the year 2014 is likely quite higher, as
a few erroneous data points were found in the numbers analyzed.

Figure 12: Coronado Total Water per bed
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Figure 13: Manzi - Mo Water per bed

Interview
It should be primarily noted that both residential buildings (Coronado and Manzi Mo) underwent
a building renewal within the last ten years. The scope of this work was primarily mechanical
plumbing, electrical, waste line, and fan coil replacements, along with updated bathrooms,
fixtures and finishes. However, Coronado is a “suite” style, 800 bed dormitory, while Manzi Mo
only has 368 beds, and is a “community” style.
One of the central points gathered from this interview dealt with water usage in each
dormitory. Alex clearly stated that he felt that more water would be used in a suite style
dormitory such as Coronado. The reasoning behind this is very natural, in a suite style dormitory,
residents get showers to themselves, while in a community style dormitory like Manzi – Mo,
residents are forced to share common area bathrooms with other residents on their floor. This
point by Alex ties in with the data mentioned above, and likely confirms the notion that in a more
private situation, water use will increase.
Furthermore, Alex discussed the type of piping system used for cooling in each of these
dormitories, asserting that each residence hall implemented a “two pipe” system – thus heating
can be on and cooling off, cooling can be on and heating can be off, or both systems can be shut
off. This system is quite unlike more modern dormitories such as Likins and Arbol De La Vida
(both new dormitories established on campus in 2011, and certified LEED platinum). These
newer LEED dorms implement a 4-pipe system that allows the building to be heating and
cooling simultaneously and individual thermostats within rooms for individual preference. This
makes it easier to please everyone in the dormitory. However, in the interview, Alex made the
point that, “The cost per bed in Likins and Arbol are higher, because they do not have to put up
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with uncomfortable temperatures like those in Coronado and Manzi - Mo.” Confirming that
when left up to the individual, more energy will be used to obtain more comfort.

Conclusion
Three central objectives motivated this paper and research. The first goal emphasizes how
these dorms differ with one another in energy, cost, and environmental aspects. Throughout this
analysis, it was discovered that Coronado used more energy on a per square foot basis in
refrigeration, electricity, and water over the central years of examination. From a cost
perspective, it also seems that recent renovations employing the use of various sustainable
standards building-wide, along with new mechanical and plumbing systems in Coronado (despite
its size) result in its overall costs exceeding that of Manzanita - Mohave. Lastly, from a
sustainable point of view, Coronado’s materials and updated systems make it a better sustainable
candidate. Its recent renewal implementations listed in the “materials section,” allow it to (in
theory) save a decent amount of energy. However its windows are oriented on a North/South
angle, (good in single family units) allowing passive solar gain to be maximized on one side of
the building, resulting in frequent temperature flux’s due to comfort preferences.
Next, the second goal of all this research dealt with why these dormitories differed so much
in energy, cost, and materials used. There are several possible reasons for these anomalies, as it
was not simply because Coronado was bigger than Manzi – Mo; the square foot calculations and
figures tell a different story. The weather did not have much to do with an excess of energy use
in Coronado, which lead us to believe that it was rather the way the dormitory itself was being
used. Dormitories and building projects can be deemed LEED gold, silver, platinum etc. This
does not control human free will (see figure 15). When left to our own devices, we like to be
comfortable, thus water and energy will be exploited. Especially by college students. From a cost
perspective, the dormitories were rather similar, in that the most amount of money goes to
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electricity, followed by cooling, and steam. This simply comes from the fact that electricity costs
more per unit than refrigeration, and is likely the same on buildings throughout campus. Lastly,
the sustainable materials used are different in Coronado and Manzanita Mohave due to

Coronado’s renovation. The life cycle of Coronado’s plumbing and facilities had been well past
expired in the year 2011, thus construction and redevelopment of its structure involved quite a
few sustainable devices, as the green movement geared into full effect.
Finally, and perhaps most importantly regarding this study, was the effect that the residents
themselves had on energy use of Coronado and Manzanita Mohave. Quite a bit of data was
gathered, especially from the case study and interview which supports the theory that the
inhabitants of the dormitory building dictate how efficient it is. The way that the water is being
used in these two buildings appears strikingly different, with a greater per bed amount being
attributed to Coronado (mostly in 2010). The suite style layout of Coronado explained in the
Construction Methods section provides a rough verification for the idea that in a private setting,
residents will use more water. Additionally, this idea was confirmed after discussing it with director
of residential facilities Alex Blandeburgo. Even in discussing heating and cooling within a building,
Blandeburgo was convinced from experience in his field that when left up to the residents of the
building, more energy would be used than without having the choice. Moreover, the refrigeration
data seen in figure 2 gives more credence to the theory that people affect the building more than its
construction techniques. The building’s two pipe system was renovated and advanced, giving
residents more flexibility with temperature. Thus, energy use rose drastically, seen in the figure
below.
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Figure 14: Manzi - Mo and Coronado Total Energy

In sum of everything presented, it appears that the more efficient dormitory overall is
Manzanita – Mohave. Even though less work has been done to help the efficiency and upkeep of
Manzi – Mo, it appears to be the most efficient dormitory on each energy scale. The reason why
has more to do with its counterpart Coronado than it does Manzi – Mo, but generally, Coronado
used more energy on a comparable basis than did Manzi Mo. The subsequent renewal of
Coronado implemented the use of a variety of sustainable tactics to help its energy use along
with the general repairs, however energy use still towered over that of Manzanita – Mohave despite
all this. Thus the underlying reason for this contrast lies with the students themselves.

Limitations
This study began as quite an ambitious goal: to conduct research in some facet of sustainable
building. Primarily, the goal was to conduct a study of sustainability on different campuses in the
entire state of Arizona, the main ones being Northern Arizona University,
Arizona State University, and The University of Arizona. However, this project proved to be on
too grand of a scale considering the time constraints. Next, the focus was narrowed to mainly
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buildings on the University of Arizona Campus, thinking it would be possible few dormitories and
buildings, but even this was going to be an extreme undertaking. Thanks to guidance from Mr.
Lynn, the study was focused on only two dormitories and extensively analyzed them for energy
use, cost analysis, sustainable materials, and human interaction. This still proved to be a large
undertaking, however, good results were obtained.
There really were not many limitations to the study itself. Each type of energy was
analyzed to its fullest extent, as well as the particular costs. However, it may have been
beneficial to implement some energy modelling in this study to recommend strategies for better
energy management; but that would take quite a more massive time frame. Another particular
task that did not get done was a survey on the student’s habits that would have effected their
energy use. This could have been a more detailed analysis of their social behavior, but after all
this was an investigation of sustainable origins, not purely sociological.

Recommendations
In moving forward with this study, it is essential to more extensively analyze the social behavior
of the residential demographic occupying the building. Just because a building is deemed LEED –
certified does not mean that it is completely efficient. It is likely that there are plenty of buildings
that are not LEED certified and are more sustainable than their LEED counterparts simply due to
anthropogenic use. In the future, it might be great to witness an extensive comparison of a LEED
certified building, to one of pre-LEED stature, using the same tactics as described in this research.
One might be very surprised at the results. For example, access was finally granted to the 2014
energy numbers for Likins and Arbol De La Vida Dormitories, both newer, LEED certified
dormitories. Seen below, Arbol, and Likins are very comparable with the pre-LEED dormitories.
Manzanita – Mohave even seems to use less overall energy than both LEED certified dormitories
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adding to the fact that LEED certification doesn’t always mean more efficient. It would be quite
interesting to explore the reason for these differences and similarities – are they the result of human
use? Finally, when occupants are given a new, efficient building to use, education, and explanation
of maintaining its efficiency should be described in detail to its tenets. Education, coupled with
incentives could help alleviate some of this wasted energy by careless residents.

Figure 15: Comparison to LEED certified Dorms
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Appendices:
Appendix A: Manzi – Mo Monthly Refrigeration

Manzi - Mo Total Refrigeration
Figure 16: Manzi Mo Total Refrigeration

The trends in the total refrigeration for Manzanita – Mohave are quite uniform over all 4 years, with some
discrepancies in 2012 from May – July.
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Appendix B: Coronado Monthly Refrigeration

Coronado Total Refrigeration
Figure 17: Coronado Total Refrigeration

-

Above, years 2010, 2011, and 2013 exhibit similar trends in all 12 months. However, years 2012 and
2014 do not follow the same trend. During the year 2012, Coronado was under an intense
reconstruction phase, and thus its energy use was not the same as previous years. However, the year
2014 shows a large increase in the use of refrigeration, especially during the summer months, and
will be discussed in further detail later on.
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Appendix C: Coronado Monthly Electricity
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Figure 18: Manzi Mo Total Electricity

Looking at the Manzi – Mo data, it is clear that it follows a general trend, with variances occurring around
June and early fall, as well as early winter.
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Appendix D: Manzi – Mo Monthly Electricity
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Figure 19: Coronado Total Electricity

Coronado seemed to have a pretty normal electricity pattern over the past five years, with some outlying
data values in the summer months of 2011 and 2014.

Clements 43

Appendix E: Manzi Mo Monthly Steam

Manzi Mo Total Steam
Figure 20: Manzi Mo Monthly Steam

- The total steam used output by Manzi – Mo is pretty consistent for each year, with higher values
occurring in January – May.
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Appendix F: Coronado Monthly Steam

Coronado Total Steam
Figure 21: Coronado Monthly Steam

The steam data for Coronado Hall seems to be all over the place, at relatively low values, and obscure data
readings in year 2010.
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Appendix G: Manzi Mo monthly water
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Figure 22: Manzi Mo Monthly Water

Similar to Coronado’s data, Manzi – Mo follows a similar pattern, with spikes in winter, and fall, and
plummeting values in the summer.

Dec
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Appendix H: Coronado monthly water
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Figure 23: Coronado Monthly Water

The Coronado water data tends to follow the same pattern yearly with reduction in the spring, as well as
the summer.
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Appendix I: Refrigeration: Mmbtu / Bed

Figure 24: Refrigeration (Mmbtu/Bed)
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Appendix J: Electricity: Mmbtu / Bed

Electricity - Mmbtu / Bed
Figure 25: Electricity (Mmbtu/Bed)
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Appendix L: Total Energy: Mmbtu / bed

Figure 27: Total Energy ( Mmbtu / Bed)
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