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Abstract 
 This study is an analysis and definition of green building design and zero energy 

building. This distinguishes the different components that go into net zero building, and 

the feasibility of making it happen on current buildings, as well as ones in design.  

 The study identifies a building currently in construction on the University of 

Arizona campus, and identifies its possibility of zero energy and how zero energy would 

affect the cost and performance of the building. Ultimately it is found that net zero is 

feasible for the Environmental Natural Resources Building 2 and the University of 

Arizona, and should be a component in the design and building process of future 

buildings on campus.  
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Chapter 1: Introduction 
Year after year, the energy movement for our planet to become “green” continues 

to grow. This includes taking responsibility and care of our resources, our land, our 

animals and people, and now our structures as well.  In 2010, DPR Construction re-

purposed a 34,000 square foot industrial building, into their new San Diego regional 

office. Through this re-design of the 25-year-old building, the corporation was able to 

achieve not only LEED platinum accreditation, but also successfully create one of the 

first net-zero buildings.  Over the last four years, green and net-zero buildings have 

already come a long way. According to Pike Research, net-zero construction will become 

a $1.3 trillion global business by 2035. Net zero-energy buildings, abbreviated as (ZEB), 

is defined as a “residential or commercial building with greatly reduced energy needs 

through efficiency gains and the balance of energy needs can be supplied with renewable 

technologies.” (Biomass Thermal). In terms of buildings like the office of DPR 

Construction, the focus is primarily to use renewable technologies where the cost of the 

technologies, break even with the amount of energy saved. With energy consumption of 

buildings settling in at a whopping 40% of energy and 70% of electricity within the entire 

United States, building owners and contractors are looking for solutions to stop the 

increasing use of energy. In order to stop this increase in demand for energy, it is 

necessary to create buildings, which offset this growing necessity for energy use. This is 

where a net zero-energy building can become so important to our growing and 

developing world.  Net zero-energy buildings are a sustainable approach to design and 

construction that allows the need for energy to be met by an offset with new renewable 

technologies. Ultimately these technologies are able to save enough energy to 

substantiate for their original cost, and allow us, as occupiers, to work or live within a 

building that is environmentally friendly as well as cost and energy saving. The purpose 

of this paper is to provide a critical in depth analysis of net-zero buildings, as well as an 

example of the cost and energy differences being net-zero would make to a currently 

standing building, Environment & Natural Resources 2, at the University of Arizona in 

Tucson, Arizona. This analysis will provide a true and complex definition of net-zero and 

ultra low energy buildings, as well as their benefits and downfalls, steps to create a net 

zero building, technology involved, the process of converting to net-zero, calculations 
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and testing for a net-zero building, as well as the past and future of the zero energy 

practice.  
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Chapter 2: Literature Review 
 The purpose of this study is to distinguish the biggest benefits and constraints of 

net-zero and zero energy buildings. Through an in depth analysis of the helpfulness 

versus the downfalls of this new building technology, construction and sustainable 

architecture will be able to advance throughout the ages with new uses of technology, 

design, and cost conscious building. 

 The concept of net-zero buildings began with the rise of the sustainable age. 

Sustainability and sustainable building has been an increasing factor in all forms of 

building, design, planning and our environment.  The introduction of sustainability into 

our structures began decades ago in the 1970’s with the national oil crisis. This crisis is 

what led people to start becoming more conscious of the use of our materials, resources, 

and the way we build. With simple edits into design, first with performance guidelines for 

HVAC systems and lighting, then with dual pane glass and high wall insulation values 

for the building envelope. Eventually this became, the advent use of solar panels for 

electrical production and hot water generation, and now environmentally conscious land 

use testing. Over time we have been able to successfully evolve numerous sustainable 

technologies. Slowly, these small changes and techniques have grown into largely used 

forms of technology and techniques that have changed the lives of people interacting in 

the building, and the lifespan of the building itself.  

 A question that is commonly asked is what is sustainability? What is sustainable 

design, and why should we incorporate it? According to Webster’s Dictionary, 

sustainable design is “the philosophy of designing physical objects, the built 

environment, and services to comply with the principles of social, economic, and 

ecological sustainability.” (Websters) This definition shines light on the true purpose of 

sustainability, to ultimately enhance and protect our environment, but also our resources, 

and mostly our people. Sustainability is an approach used to benefit our lives and our 

environment, and by incorporating such practices into our buildings the impact of the 

buildings drastically change. Commercial and residential use 40% of energy and 70% of 

the electricity in the United States alone (Knapp, 2013). Imagine that majority of energy 

usage throughout the entire world. Not only are these stats already high, but increasing, 
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by an additional 50% by 2025 (Knapp, 2013). The reason we need to incorporate 

sustainable design into our new buildings is to offset and control the amount of energy 

we use, or our energy consumption will only increase. (P. Torcellini, S. Pless, M. Deru, 

D. Crawley 2006).  

 With the use of sustainability as beneficial factor not only to our planet, but also 

to the world of design and construction, a new question arises: How far do we go to 

pursue sustainable design? The answer is that sustainable design should be pursued to a 

point where our impact on the environment and its resources can be minimalized (Shanti 

Pless and Paul Torcellini 2010). This question is what brings into sight the concept of 

net-zero buildings. Net-zero buildings use sustainable design concepts to reach a point 

where environmental and energy benefits, cost benefits, are realized for the occupants, 

without becoming a burden (DPR Construction 2013). Once elements of sustainable 

design are not convenient or easy for the user or builder, they become limited and not 

used. (Robert H. Knapp 2013). 

 Defining a net-zero or zero energy building is complicated because this concept 

comes with very different meanings. Some past studies have gone into in depth analysis’ 

of the concept of net-zero buildings when forming a definition, what they stand for, what 

their ultimate goal is (New Buildings Institute 2014, Energy and Environmental Affairs 

2014). However, the definition of net-zero buildings can become much more complex 

than that. Net-zero buildings are a combination of all different factors that follow into 

designing and constructing a structure (D. Crawley, S. Pless and P. Torcellini 2009). 

There are four separate firm definitions of net-zero, that ultimately can combine into one: 

net-zero site energy, net-zero source energy, net-zero energy costs, and net zero energy 

emissions (Carmichael and Managan, 2013). These combined four definitions are the 

mostly commonly used and evaluated definitions for designing and building zero energy 

buildings to desired ability (P. Torcellini, S. Pless, M. Deru, and D. Crawley 2006).  

 The definition of net-zero buildings is an expansive one, incorporating forms of 

sustainability throughout different design elements of a building (C. Carmicheal and K. 

Managan 2013). Throughout the definition of a net-zero building, lies the procedures and 

practices to obtain a net-zero building (D. Crawley, S. Pless and P. Torcellini 2009). Not 

only does creating a net-zero building involve compliance from its occupants, but also 
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cooperation (S. Pless and P. Torcellini 2010). The ongoing use and life span of a net zero 

building and its technologies are based upon its occupants, in how they use the 

technology and their appreciation and desire to have a net-zero building (National 

Science and Technology Council 2008). 

 Certain practices and commitments are necessary to build, design, and maintain a 

net-zero building (D. Crawley 2014). The next component necessary for the net-zero is, 

the technology (S. Pless and P. Torcellini 2010, S. Pless, P. Torcellini and D. Crawley 

2009). Regular building components, that may sometimes cost less at first, such as less 

efficient lighting, less efficient air heating and cooling systems, as well as less efficient 

domestic water heating are components that can lead to the higher energy and high 

overall cost of buildings usage (NZB Magazine 2014). By evaluating these components 

and the controllability of their systems, and introducing new sustainable technology for 

HVAC systems, LED lights, day lighting techniques, and solar panels we can make a 

building exponentially more energy efficient as well as more cost efficient in the long 

term (National Science and Technology Council 2008, DPR Construction 2013). 

 A common critique of green and sustainable technology is its life span. It’s 

becoming a common misconception that certain sustainable technology, most of which is 

used in net-zero building design, doesn’t have a long life span like regular non-efficient 

technology (C. Carmichael and Katrina Managan 2013). This idea is that these 

technologies perform to a certain life span or point, where during that time the building is 

ultimately net-zero cost efficient or net-zero energy efficient, but has to be replaced often 

(S. Pless, P. Torcellini and Dr. Crawley 2009). By having a shorter lifespan, its possible 

to ultimately defeat the point of some of these technologies because the maintenance and 

replacement of the materials not only is a burden on the owner and tenant, but does not 

become cost effective (Cassandra Thiel, Nicole Campion, Amy Landis, Alex Jones, 

Laura Schaefer, Melissa Bilec 2013). By analyzing and determining the lifespan of 

certain technologies, it will be easy to see which technologies have a longer life span, and 

which technologies with a shorter life span, would still balance the building at net-zero 

within the energy definition as well as the cost(Robert H. Knapp 2013).  

 One problem with the life span of certain technologies is that by having to replace 

it often, it causes not only financial burdens but also personal burdens on the owner 
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(Frank Redavide 2013). Life span may not be the only downfall to net zero buildings, this 

is why to have a complete and adequate evaluation of net-zero buildings it is necessary to 

completely and thoroughly evaluate each of their benefits as well as their downfalls 

(Christina Williams 2012). By doing this, the owners are able to create an opinion on net-

zero buildings, and ultimately determine whether this form of building is an opportunity 

for them or a burden. (P. Torcellini, S. Pless, M. Deru, and D. Crawley 2006, National 

Science and Technology Council 2008, DPR Construction 2013).  

 Historical Preservation and revival of current or historic properties and structures 

is a huge component in sustainable design. The amount of resources and cost to tear 

down and rebuild a building has a large impact on a community and the environment (C. 

Carmichael and K. Managan 2013). By just taking a already present building, altering 

and remodeling it to obtain green and net-zero qualities, the building will become 

transformed, but with less cost impact, resource impact and, environmental impact, all 

while maintaining its historical value and the density and infrastructure of the 

surrounding neighborhood (DPR Construction 2013). Some net-zero buildings that have 

been constructed have taken this sustainable idea of historic preservation and 

incorporated it into a net-zero building (NZB Magazine 2014). The path to this is a little 

harder than a basic new design from scratch, because it takes an evaluation of resources. 

It involves prioritizing what needs to go and what needs to stay, while evaluating 

budgets, schedules, and resources. The process of doing this becomes complicated 

because some systems in place will have different life spans, different efficiencies than 

others, and balancing this to create a net-zero structure can become difficult. Although 

historical preservation to create net-zero buildings is more complicated then basic design 

build jobs, the benefits to society in general are much greater in the long run (D. Crawley 

2014).  

 As a net-zero building is being designed, certain technologies are chosen 

(National Science and Technology Council 2008). This raises the question, how do you 

determine that a building is net zero? Just by having sustainable technologies and 

practices, with sustainable construction or even a LEED rating goal, doesn’t mean that a 

building is net-zero (P. Torcellini, S. Pless, M. Deru, D. Crawley 2006). Net-zero isn’t 

completely about just the sustainability of a structure; it’s about the balance. The goal is 
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not just to have a green building, but to create a building that efficiently saves more 

energy than it uses, hopefully with green energy and with green technologies, than the 

building would without (S. Pless and P. Torcellini 2010). Designers need to explore and 

incorporate numerous technologies and materials to make a net-zero building, but testing 

and recording will be the final task that really reassures the certification of the building as 

zero energy (C. Carmichael and K. Managan 2013). This takes numerous calculations 

and evaluations, over time that will show what the ultimate energy benefit or loss, or cost 

benefit or loss, there would be with each design (S. Pless, P. Torcellini and D. Crawley 

2009, Robert H. Knapp 2013). 

 Another way to efficiently construct and design a net-zero building is not only by 

testing and evaluations, but also through past case studies (Advanced Buildings 2014). 

With the advent of executive order No. 13514, net zero buildings should be moving away 

from foundations and small institutional buildings to include more densely populated 

government buildings. The amount of residential and commercial buildings constructed 

or remodeled to be zero energy will grow exponentially. By looking at past projects, or 

case studies, its clear to see different techniques, materials, technologies, resources, and 

practices that are used to create and balance a net-zero building (Energy Efficiency and 

Renewable Energy U.S. Department of Energy 2008). These case studies let us learn 

from our past mistakes, for example technologies or materials that didn’t last, or become 

less efficient or useful over time, so that we can limit them from our future design 

(Energy and Environmental Affairs 2014). Also, our reach must be global and use 

technologies not commonly used here such as variable refrigerant flow technology from 

Japan. Additional case study buildings allow us to evaluate certain design elements that 

were incorporated into structures, so that we can use them again in new net-zero 

buildings, and enhance them, to make certain materials and technologies that already 

work, work even better (P. Torcellini, S. Pless, M. Deru, and D. Crawley 2006).  

 Like a lot of new technologies, inventions, and techniques, people want to know 

where it’s going. Is sustainability really going to take over our country, or even the 

world? Is this the new form of design and build, or will it fizzle out over time when 

people revert back to their old techniques? With buildings accounting for 41% of the 

energy consumed in the US (U.S. Department of Energy Data Book), the path of 
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sustainability and net-zero design has to be in our future (Christina Williams 2012). The 

ongoing use of zero energy building is increasing and is now being backed by more 

architects, builders, environmental advocates, and even the government. The path of net-

zero buildings will become more technologically advanced and efficient, making not only 

our environment better, but also enhancing our living and working conditions, economy, 

and resources (S. Pless, P. Torcellini and D. Crawley 2009, D. Crawley 2014).  
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Chapter 3: Methodology 
The first step in completing this analysis is a full understanding of net zero 

buildings and what goes into creating one. A large portion of this is through learning and 

researching the aspects of net zero buildings, but also experiencing one first hand. A great 

example of a commercial net zero building is DPR Construction’s office in Tempe, 

Arizona. The building is a 16,5000 square feet one-story office building, completed in 

2011. This is DPR’s office a net-zero building and also a living laboratory for the 

community. A visit to this office provides the opportunity be able to speak with the 

designers and owners and learn about why they chose a net zero building and what 

compromises and complications came along with the building and construction process. 

While there, visitors will also get to see and evaluate the net zero from their own 

perspective. See what technologies and techniques they used, how they could be bettered 

or what could have been left out or are unnecessary in the design. Being able to 

experience and see a net zero building first hand will allow me to evaluate and 

understand what goes into creating a zero energy building, as well as give me additional 

ideas and plans on how to create a net zero building.  

 The next focus of this paper would be an example net-zero analysis. The building 

being analyzed is the Environmental Natural Resources 2 building at the University of 

Arizona in Tucson. This analysis will be in the form of a case study. Case studies have 

been historically used as a way to show the focus of the study by answering “how” and 

“why” (Yin 2003). Using this concept not only presents an example, but also shows its 

context within a variety of different data sources. Case studies ensure an opportunity to 

learn and explore a topic through not just one lens, but a variety of different perspectives 

(P. Baxter and S. Jack 2008). This specific case study concept is to take an existing 

LEED platinum building, currently under construction, and work with the already 

sustainable features to see what could be added or discarded to make the building net 

zero. The next step would be then running an energy analysis of the new “net zero” 

building. This energy analysis will begin by working with the current architects of the 

project, Richard Bauer and GLHN. It would be ideal to want to start with a baseline 

analysis of the energy and cost of an average commercial building, then of ENR2. This 

will include working with the architects to see if they have already completed an analysis 
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during the preconstruction process of the building. If they do not already previously have 

an analysis it will necessary to complete one in eQuest energy simulations. Next will be a 

complete a full analysis of ENR2, as a net zero building. This analysis will go through 

multiple aspects of the building consumption and energy including day lighting, usage 

times, climate zones, all technologies used etc. Through this analysis, it will be necessary 

to compare and contrast the net zero energy consumption versus the original LEED 

platinum energy usage of the building. Changing the technologies and design of the 

building to make it net zero can come with a lot of benefits in terms of energy savings, 

but cost needs to be considered. If the cost of a net-zero building is much more than the 

original cost, with only slightly less energy savings, then ultimately making that building 

net zero would not be a good option. By determining the original cost, or historical cost 

of a building on campus, then running a cost analysis of the final building as net zero, a 

contrast of the two costs of construction and occupancy could be considered. Ultimately 

by running these two analyses, I will be able to determine whether this particular building 

would further benefit or fail as net zero.  

  One of the biggest challenges in this analysis will be the decision on technology. 

The addition or omission of one of the many new and upcoming technologies can either 

make or break my building as being net-zero or not. Or one material could multiply the 

cost or even reduce it by thousands of dollars. Determining which materials and 

technologies are best for this particular project will be a challenge. 
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Chapter 4: Net Zero 

As discussed previously, the Natural Renewable Energy Lab classifies net zero 

with four different definitions: net zero site energy, net zero source energy, net zero 

energy costs, and net zero energy emissions.  

Net zero site energy is a wide spread definition over the entire site. This type of 

net zero involves having a zero energy building that produces as much energy as it uses 

in a year over the entire site. Ultimately, this type of net zero building balances out 

energy production and use through multiple approaches.  

Net Zero source energy, is a building that produces at least as much energy as it 

uses in one year. This pin points the amount of energy used to generate and deliver 

energy to and from the site, focusing on the source rather then the overall energy.  

Net Zero energy costs are the amount of reimbursement the utility pays the owner 

for the energy the building is exporting to the common grid. This amount being 

reimbursed to the owner has to be equal to the amount the owner pays the utility for the 

energy services and energy used in the course of a year.   

Net Zero energy emissions focuses on the emissions the building produces, 

ensuring that the building produces as much emissions-free renewable energy as it uses 

from emissions-producing energy sources. Ultimately a true net-zero building embodies 

each of these definitions. The concept of net zero is balancing give and take between 

energy use, energy cost, and energy emissions. The energy used, needs to mirror the 

energy saved or produced, leaving ultimately a zero footprint. Overall these factors create 

a zero-energy or net zero site that is breaking even with costs, emissions, and energy.  

 Following the understanding of what is necessary for a building to be defined and 

operate as net zero, it needs to be determined how to make it net zero. This is where the 

development of supply side and renewable energy technologies and materials come into 

play.  With goals to use little to none of the non-renewable resources, and reduce 

emissions as much as possible, materials and equipment that requires the use of coal and 

natural gas are looked down upon. Sustainable and renewable technologies and materials 

are the building blocks necessary to create a building operating at a net zero level. Some 

sustainable examples of new technologies are PV, wind, hydroelectric, biofuels, solar and 

geothermal (C. Carmichael and K. Managan 2013, Robert H. Knapp 2013). These 
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technologies are used in net zero buildings to ultimately minimize overall environmental 

impact while reducing conversion and transportation losses. It’s necessary that these 

resources have a long life span, and will be available over the lifetime of the building. As 

well, as they need to be widely available in terms of cost and rate of production, to ensure 

these products are available for potential future net zero buildings.  

 These materials are utilized in three different ways, either through on-site supply, 

side-supply, or off-site supply (S. Pless, P. Torcellini and D. Crawley 2009, D. Crawley 

2014, Christina Williams 2012). On-site supply is the availability of renewable resources 

within the design of the building, as well as available at the site. These types of resources 

include technologies like PV, solar hot water heaters, and wind technologies (S. Pless, P. 

Torcellini and D. Crawley 2009, D. Crawley 2014, Christina Williams 2012). These 

types of resources are in the building to assist in not only the decreased consumption of 

energy but the production of energy as well.  Side-supply resources are techniques such 

as enhanced natural daylight, HVAC equipment, natural ventilation etc. that allows the 

site to reduce its energy through using these practices (Advanced Buildings 2014, Energy 

Efficiency and Renewable Energy U.S. Department of Energy 2008, P. Torcellini, S. 

Pless, M. Deru, and D. Crawley 2006, Energy and Environmental Affairs 2014).  Off-site 

supplies are renewable energy sources that can be transferred or imported to the site. 

These materials are things such as biomass, wood pellets, ethanol, biodiesel etc. and are 

ultimately used to create off-site renewable energy sources as well as energy production 

(Advanced Buildings 2014, Energy Efficiency and Renewable Energy U.S. Department 

of Energy 2008, P. Torcellini, S. Pless, M. Deru, and D. Crawley 2006, Energy and 

Environmental Affairs 2014).  The best way to incorporate these technologies into design 

is through careful consideration of climate, environment, occupants, and most 

importantly the initial energy efficiency capacity of the building. The most cost-effective 

and efficient way to choose technologies for the building is to first optimize energy 

efficiency as much as possible and then to introduce other sustainable technologies that 

can counteract energy uses as well as produce renewable energy. Examples of these 

technologies could be split between night and day uses. During the night when the 

building is unoccupied designers can use low impact hydro, wind technologies, biofuels, 

active thermal storage i.e. ice storage and chilled water storage, passive thermal storage 
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i.e. building mass and phase-change materials, and different district energy systems to 

comply with night time energy peaks. Daytime options include solar photovoltaic, solar 

hot water, and wind technologies (National Science and Technology Council 2008).  

 Other than the technologies utilized and installed in a net zero building, the other 

most important factor is the people using and interacting with the building. To create a 

net zero building, it will take commitment and sacrifice from the occupants of the 

building. While the building comes with energy and cost benefits, it may also come with 

time constraints, limits to individual comfort, and an agreement to abide by certain 

guidelines to ultimately make the building as efficient as possible. Some of the 

innovation that comes with building net zero buildings also comes with operating them. 

Some of these commitments could be collaborative workspaces, fewer individual offices 

and rooms, in order to reduce heating and cooling systems. When each office, has its own 

power supply, as well as heating and cooling supply and control, it can increase cost and 

energy consumption for that building. Another example is the lighting levels being 

controlled throughout the day as day lighting is being used throughout much of the 

building. Some other options would be less parking, to promote the use of biking or 

available forms of transportation, and a robust and recycling program or the use of more 

renewable resources throughout the site. Although a lot of these are personal preferences 

for each user, its important for the owner of the net zero building and tenants to commit 

to operating the building as sustainably as possible to optimize cost and energy benefits.  

 A part of building net-zero buildings is learning from success and past mistakes of 

former projects and buildings. Two successful net zero buildings are DPR Construction’s 

Office in Phoenix, Arizona, as well as the David and Lucile Packard Foundation 

Headquarters in Palo Alto, California.  

In 2013, DPR sought to embrace their sustainability commitment by constructing 

their third net zero office in the country, located in the center of Phoenix, Arizona.  The 

16,533 square foot project was LEED Platinum rated, as well as Arizona’s first net-zero 

energy office building, and the second net-zero energy office building in the nation (DPR 

Construction 2013).  The building was a rehabilitation project of a former outdated office 

building in central Phoenix. The design of the building included primary focuses on 

energy consumption and production, natural ventilation and day lighting. The main 
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technologies used to master these concepts were a Lucid Building Dashboard, which 

allowed all occupants to monitor electricity, water, and natural gas uses and production to 

track sustainability. A majority of natural ventilation, using technologies such as “big ass 

fans” which are over twelve foot fans that promote air circulation and movement 

throughout the space. “Shower towers” were introduced, which are evaporative cooling-

towers that work to pass cool air into the building, these towers are able to sense and 

respond to the outside climate accordingly. These “shower towers” also collaborated with 

another technology in the building, a “solar chimney”. This solar chimney was an 87 foot 

roof-mounted chimney worked with the shower towers to sense for heating and cooling 

needed throughout the building depending on outside climate.  For lighting, they used 

multiple different technologies: Solatubes, LED lighting, and operable windows and roll-

up doors. Solatubes are a day lighting tubes placed throughout the building, allowing for 

the increase or decrease of daylight as necessary. LED lighting is a more commonly used 

technology, a form of interior lighting that creates a bright spectrum of light by using 

very little electricity. The operable windows and doors have the ability to open and close 

as well as let light in or block it out depending on time of day and the occupant’s 

preference. Two of the buildings biggest energy producing and saving technologies are 

its Photovoltaic system and also its “vampire shut-off switches”. The photovoltaics are a 

major key in this being a sustainable and net zero building. This technology made up for 

the difference in energy needed to operate the building, and the vampire shut off switches 

reduce the electrical receptacle plug load by tying outlets to occupancy sensors, thus 

reducing the buildings overall energy consumption costs. DPR used 78.96-kilowatt solar 

panels as a parking canopy, expecting to generate at least 135,000-kilowatt hours of 

energy per year in the sunny Arizona climate (DPR Construction 2013). The vampire 

shut-off switch system, is also a very upcoming technology, designed for outlets and 

lights to be completely disconnected at the end of the work day. This way when the 

building is unoccupied, there is zero energy consumption from phantom loads such as 

plugged in printers, computers, outlets etc. By combining these innovative sustainable 

technologies and the cooperation of the work and design team of DPR, they were able to 

successfully achieve net-zero by producing more energy then they consume yearly, at a 

much-reduced cost to the alternative (DPR Construction 2013).   
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The David and Lucille Packard Foundation Headquarters had similar outstanding 

success as a net zero building. Slightly larger then the DPR Phoenix office, the 

headquarters had two two-story wings, holding around 120 occupants daily (Robert H. 

Knapp 2013). The Foundation Headquarters focused on slightly different sustainable 

goals than DPR’s Phoenix office. The main topics of importance in the design of the 

building were indoor air quality, site water strategies, daylighting and natural ventilation. 

Some technologies used to compensate for these goals were chilled beams and a night 

sky cooling system, which allowed reduced energy and efficient cooling and heating 

throughout the building. Photovoltaic panels were incorporated on the roof of the 

building, to produce solar energy and reduce the buildings overall energy costs and 

consumption. Like DPR, the building has operable doors and windows, allowing for 

alterable day lighting and ventilation depending on the buildings needs(Robert H. Knapp 

2013). Ultimately both projects were huge successes in the net zero world, and set 

precedents for a lot of other zero energy buildings globally.  

 A large objective for designers and owners of net zero buildings is to improve 

overall environmental building performance. A necessary step to doing this is the life 

cycle and life cycle assessment of advanced building materials being used in the project. 

The life cycle assessment of materials focuses on multiple parts of the net zero process, 

like how long materials last versus how much that cost, reassuring the owner is not 

expensing a higher cost for having to replace a certain material more often. Also, it’s 

about payback rates for all materials. Depending on a materials life cycle, owners and 

designers need to know how long it would take to save money by using that material to 

ultimately break even on the initial cost of that material. Building life expectancy as a 

whole is also another important thing to consider. For example if a building or tenants 

space will only be occupied for a 10 year period, it is useless to be buy 20 year life cycle 

materials. Life cycles are extremely important in successfully operating and designing a 

zero energy building. Not only do building materials need to be analyzed and life cycles 

known when introducing certain technologies into the design, but also, buildings need to 

double the service life of building materials, products and systems to significantly 

minimize life cycle impacts(Cassandra Thiel, Nicole Campion, Amy Landis, Alex Jones, 
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Laura Schaefer, Melissa Bilec 2013). Designers can then make sure the building will be 

producing as much energy as it consumes over a given life cycle.  

 Net zero energy buildings can be an innovative form of construction and design 

which leads to breakthroughs in the sustainable and green building world. The question to 

most people though, is why do we even need sustainability? Why do we need net zero 

buildings at all? Besides the federal mandates and regardless of personal opinions and 

political debates, it is clear that our planet is changing. The climate is changing, our 

resources our changing, and our population and needs are changing.  Over time, global 

climate and a lack of resources will become an increasing problem for our communities, 

our institutions, and our people (New Buildings Institute 2014). Instead of fighting an 

uphill battle on avoiding an inevitable transition, people need to begin to adapt to their 

environment. This is what the rise of sustainability and zero energy is most driven 

towards. By using sustainability in our buildings, our environment, our resources, our 

practices and our foods, we are minimizing our vulnerability to the upcoming impacts of 

change, and ultimately strengthen our ability to anticipate and manage these changes to 

our planet and environment. Net zero building is just one of the many necessary steps to 

adapt to our altering environment, and do what we can to reduce our impact, and better 

prepare our structures and people for upcoming changes in resources, energy and costs.  
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Chapter 5: Cost and Energy Analysis 
The Environmental Natural Resources 2 building is a 75 million dollar project 

currently under construction at the University of Arizona. The building is designed to be 

LEED Platinum certified, as well as the “greenest building on campus”. The building will 

be home to the Institute of the Environment thus focus was placed upon sustainable 

practices. Additionally, the building includes a 600-person auditorium to accommodate 

the increasing university population, as well as a 200-person lecture hall, cafeteria, 

offices, and classrooms. Designed by Richard Bauer and GLHN architects, the project is 

expected to become an environmental focal point for the university as well one of their 

larger sustainable projects. One of the most definitive components of ENR2, is the large 

block out in the center of the building, that effectively creates two separate buildings. The 

block out is described by the designer as a “canyon”. The canyon was designed to imitate 

a real life slot canyon, creating a similar “oasis-like” environment by blocking or 

reducing the direct sunlight and heat from the desert sun. To minimize conditioned space, 

the common interior circulation corridors and stairs were placed outside. Each floor has 

varying outdoor plaza areas on each floor, providing enough space for gatherings and 

informal meetings, and also allowing access for office spaces and staging areas for 

different laboratory pods along the canyon edge while reducing the need for air 

conditioning. The building is located on a reused urban infill site on campus, recycling a 

site that was formerly a University parking lot. The design focuses on re-vegetation, 

ventilation, day lighting, storm water capturing and reducing the direct solar load on the 

building. Being placed in Tucson, Arizona, the center of the Sonoran desert, rainfall 

becomes scarce, besides the occasional intensive rainfall during the months of July to 

September known as “The Monsoon Season”. Because of the lack of rainfall for the 

majority of the year, storm water conservation and re-use is a strategy being employed at 

the University to minimize potable water for irrigation. To complement this strategy, 

ENR2 has an underground 55,000-gallon storage water tank. This tank is connected 

through rain drains that fall from the roof and from planters at all balcony levels thus 

capturing and preserving as much natural storm water as possible. This water is then used 

as the primary source of irrigation water for the building.  
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Additional sustainable technology used in the building will include different low 

energy ventilation systems and induction cooling systems. The conditioned air for the 

entire building is supplied through four separate air handler units located on the roof and 

first floor. With the exception of the air handler dedicated to the 600 person classroom, 

the air handlers are smaller than what would normally be specified for an office or 

laboratory use. This reduction in size is possible due to the use of active chilled beams. 

Chilled beams act as radiators with cool tempered water circulating through them. With 

the introduction of a small amount of conditioned outside air, the beam has the capacity 

to cool the office spaces and reduce the load and size of the air handlers by at least 30%. 

Additionally, a displacement ventilation technique is being used on the second floor 

lecture and conference rooms, where conditioned outdoor air is supplied at floor level and 

allowed to rise, naturally ventilating and cooling the space. Due to the individual 

controllability of chilled beams, rooms not in use are able to go into “hibernation” 

meaning that when they are unoccupied the temperatures are allowed to rise to as much 

as 85 in the summer and down to 65 in the winter, thus reducing cooling and heating load 

on the building. All in all, the project has numerous sustainable technologies and green 

amenities, as well as the goal of achieving LEED platinum, but it is not a zero energy 

building.  

By already incorporating so much sustainable design within the project, is it even 

possible for ENR2 to become a net zero building? These questions are addressed in this 

analysis, which observes a University building, currently in construction, and identifies 

its feasibility for becoming net zero. This analysis is created through the addition of a few 

common net zero technologies used in numerous net zero buildings, such as the David 

Lucille Packard Foundation building, as well as DPRs office in Phoenix, Arizona.  

One of the first possible changes to reduce ENR2’s energy consumption would be 

to see the advantages that a “solar chimney” could create on the buildings energy 

consumption in heating and cooling. Boyancy cooling is gaining traction with net zero 

buildings because it does not require mechanical movement of air; this technology was 

employed in DPR’s office. Instead it uses convection and the rise of hot air to allow for 

cooling. The drawback for ENR2 in using this technology is the tall structures to the East 

and West inhibiting morning and evening heating of the chimney for convection. Instead 
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of a solar chimney, a more reasonable option for energy reduction would be through solar 

hot water heaters. Although UA does not normally provide hot water to the restroom 

lavatories, ENR2 has eight showers to meet LEED requirements. A solar hot water heater 

could be easily installed on the roof to accommodate the shower areas.  

ENR2 currently uses steel fins as a form of shading and day lighting throughout 

the building. The only issue with this is that although it reduces primary heat gain from 

the sun on multiple facades, it reduces the amount of day lighting needed in office 

environments thus increasing the need for task lighting. To alleviate this concern, 

designers have tried to transfer daylight from the office side using polycarbonate walls to 

help transfer light from the exterior windows to the interior office space. Additionally, 

LED lighting is being used to reduce the overall lighting energy use, assisting a greatly 

increased need for electrical lighting to properly luminate the building. To better assist 

with day lighting indoors on the North and South side, skylights could be employed to 

help transit light down the internal communicating stairs. These skylights are commonly 

used in two-story buildings, to allow for lighting in the 1st floor interior space, but in 

ENR2 the best use would be on the top floor ceiling, connecting to the roof.   

A greater reduction in energy usage would be to focus on the connected load of 

receptacle power, of the building. For a net zero or low energy building to be truly 

successful, the occupants of the building need to embrace the concepts of low energy 

usage. This building, with the occupants being the Institute of the Environment and 

currently studying the effects of Global Warming are likely to be the best candidates to 

embrace low energy. Several technologies can be employed to help reduce receptacle 

power, one being a simple Watt Stopper Power Strip with Personal Sensor thus allowing 

six outlets on a power strip to be controlled by an occupancy sensor. Private office 

occupants could use this power strip for task lighting, phone chargers, printers, and other 

personal or office devices. Even with these energy saving techniques it’s necessary to 

create an energy production technology. The first and easiest option for this would be 

photovoltaic. The problem with photovoltaic, is the amount of space needed for solar 

panels is larger then the available roof-top area or site area. Because of this limitation in 

space, it may be possible to incorporate these solar panels on the roof as well as on the 

parking garage adjacent to ENR2. This would require the top level of the parking garage 
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be transformed into an integral shade/solar panel canopy similar to the 2nd street Parking 

garage. Sun is the most prominent and most dominant feature in the desert climate of 

ENR2, providing the largest possibility for energy production. If solar cannot create 

enough energy production to accommodate the building needs, it is also possible to 

incorporate wind techniques. These techniques are not as reliable as sunlight and will 

require space to store the collected energy in batteries.  

 One of the designers of ENR2, GLHN architects, conducted a predicted energy 

analysis of the building. This analysis took the average annual energy cost of each 

contributing component of an average building the same size of ENR2. These costs were 

labeled, then compared to the predicted costs of the annual utilities of the building once 

occupied upon completion. (See Table A) 

 
Table A. GLHN ENR2 Cost Energy Assessment 

 



  Caitlin Brown 26	  

ENR2’s proposed energy consumption and annual cost was the baseline for the 

net zero energy analysis. The technologies contributing to a new net zero design of ENR2 

include solar water heating, skylights, diversity in the connected loads and photovoltaics. 

Solar water heaters are a more efficient way to use the sun and heat exposure, especially 

in the desert sun. These systems dramatically reduce the amount of energy used to heat 

water, but also reduce total water usage. An average office building would need 10 solar 

collectors for the water heaters. However, since the showers are the only source of 

domestic hot water, this value can be reduced to 8 collectors. A price of each solar water 

heater, is about $6,000. For eight separate heaters, that would cost $48,000. Although this 

is pricey, the payback for these heaters are only around 18 months, meaning within those 

18 months, the solar heaters will be saving more money than their initial cost.  

A “vampire shut off switch” is the use of power strips on lights and outlets to 

reduce the receptacle load when the building and offices aren’t occupied. As 

acknowledged in GLHN’s energy assessment (Table A), receptacle loads are the largest 

culprit for the greatest energy usage in ENR2. By using these power strips on outlets and 

lights throughout the entire building, technologies not in use like computers, cell phone 

charges, telephones etc. will not be continuously supplied with energy unless someone is 

present within the directed area. By using these throughout a building as large as ENR2, 

it would create a 20% reduction in the connected power load. This means that the initial 

energy annually supplied to receptacle loads, 2589.9 btu/hr, would now only be 517.98. 

The new total energy usage for receptacle loads would only be 2071. 92, a great 

reduction. Ultimately, this 20% cut in energy would save the owner an estimated $14,720 

on annual utility bills. Each wattstopper is an estimated $160.25, which covers eight 

receptacles and a motion sensor.  

 Solatube’s are a new energy rated technology that takes the design of a skylight to 

introduce day lighting into a building while reducing electricity usage on lighting. 

Solatubes now are making a new technology that incorporates LED lighting. This 

technology has a sensing system that follows the path of the sun to work with the time of 

day to determine how much natural light and LED light should be incorporated to light 

the space. The darkest areas of ENR2 are in between separate offices on the North and 

South sides. These areas are reserved for break rooms, cubicles, and stairwells. Each of 
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these areas remain open, allowing for a good opportunity for Solatubes. Solatubes are 

estimated to have energy savings of approximately 75% of the electricity bill. This could 

assist in greatly reduced one of ENR2s highest energy consumption sources, lighting. The 

price for each Solatube is around $500. The width of the open office area is around 200 

feet, if two Solatubes were installed every 10 across the width of the building, that would 

be around 40 solatubes, on the North and South side of the 5th floor. The total cost for the 

solatubes would be around $20,000.  

 Photovoltaics are the biggest energy producer for commercial and residential 

buildings to counteract energy use and cost. The square footage and occupancy of the 

mezzanine level of ENR2, leaves limited room for solar panels. The solar panels would 

only be able to rest on the roof level of the ajacent parking garage to the original 

construction site. This site is distinguished in an overhead plan view shown in Appendix 

A. Referencing GLHN’s energy assessment in Table A, the annual energy usage can be 

converted to monthly kilowatt hours, coming out to 115.995 kilowatts per month. For the 

building to be net zero, ENR2 would need to produce 322 kilowatts more per hour. Each 

solar panel provides 8.10 watts of photovoltaic energy. Since the building needs 322 

kilowatts, that would mean at least 40,250 square feet of photovoltaics would be 

necessary to produce enough energy for zero energy at ENR2. The roof of the parking 

structure has a total of 73,528 square feet, leaving more then enough space for 

photovoltaics making net zero more of a feasible option for ENR2.  

The estimated cost of these solar panels is between $19.67 square foot and $1863 

square feet. If each solar panel cost around the minimum, $20 per square foot, and needed 

at least 40,250 square feet to become net zero, the initial cost for the photovoltaic 

structure would be $805,000. For the total cost of all infrastructure, including steel and 

miscellaneous costs, the told cost would be $1, 305,000.   

 Ultimately with the combination of the solar water heater, skylights, and 

photovoltaic solar panels, the new additions to ENR2 would cost around $418,500. Since 

ENR2 was already designed as a low energy building, with the additional use of these 

techniques, the building would be producing as much energy as they would be using, 

making it a net zero project. In addition to all of ENR2’s original technology, or 
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swapping some of the technologies out, the projects total price would still be between 70 

to 80 million dollars to be a net zero project. 
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Chapter 6: Discussion 
All in all, net zero buildings are an evolving specification of building and design 

that allows not only a long term economic reduction for the owner, but also a non-

existent energy footprint. Net zero buildings provide new innovation in technology and 

operability of buildings that hasn’t been available before.  

 The Environmental Natural Resources building was designed to be an extremely 

low energy University building to reflect the values and studies of the occupants of the 

building. This study was initiated to analyze the current energy usage of ENR2 compared 

to an average university building, and compare and contrast with ENR2 as a net zero 

building. Ultimately, the feasibility for ENR2 to become a net zero building is very 

possible. ENR2 would need to add a few technologies to assist in the currently low 

energy usage, allowing the building to reach net zero through minimized usage and 

energy production. For ENR2 to utilize net zero potential, this would cost the owners 

around 70 to 80 million dollars, not much more than the original project price. The 

owners would also have to alter the adjacent parking structure to accommodate new 

photovoltaic structures, and increase the overall site size. By ENR2 being net zero, the 

original price for the additional technology seems pricey, but in the end the payback that 

these technologies provide over time will more then compensate for the original price of 

the technologies installed. Not only would the owners be working with an extremely low 

annual utility bill, but also no additional energy used that isn’t being produced.  

 Although in technical terms ENR2 is a perfect candidate for a net zero design, the 

true responsibility for producing a net zero building lies with the occupants and owner of 

the building. It may be possible to install multiple technologies and have zero energy 

through out the building, but to truly obtain net zero it takes the cooperation of the 

occupants. If occupants are on board with the net zero challenge and using as little energy 

as possible, then net zero will never become effective. People in the building working 

with the technology and with the environment, is the only way that net zero buildings will 

be able to function accurately.  
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Chapter 7: Suggestions for Future Research 
Throughout this analysis, there were a few limitations to the accuracy of results. 

The biggest limitation was software for energy simulation and analysis. Originally when 

beginning this assessment, I planned to do three eQuest simulations. One simulation 

would be of the annual utilities and energy of an average commercial University building. 

The next would be of ENR2, and then of ENR2 as net zero. Luckily in this assessment, I 

was able to already use the previous results found by GLHN architects for ENR2 and the 

average commercial building. When started the analysis for net zero ENR2, I found that a 

lot of the technology I was trying to incorporate into the design wasn’t available in the 

program I was using. After trying out two other programs, I realized the net zero 

calculations had to be done by hand. This was a large limitation for the assessment 

because it didn’t obtain the accuracy of a simulation program. Although the numbers did 

come out correctly, and was a rightful assessment of the net zero version of ENR2, by 

having the simulation numbers and graphs I feel the results of the analysis would have 

been much more precise.  

 The best ways to move forward from this analysis would be to complete it on 

other buildings. This was the first net zero analysis for one building in progress of 

construction on the University, and it was proven that the building was very feasible for 

net zero capability. Now that the ENR2 assessment has shown the possibility for net zero 

across campus, the next step would be doing these assessments on other upcoming 

projects, or even existing buildings. Even eventually in due time, bringing about a net 

zero campus, and bringing in larger possibilities to the net zero evolution.  
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Appendix 
 

Appendix A: Case Study Site 
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