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Preface
Every two years the United States Department of Energy, in collaboration
with the National Renewable Energy Laboratory and countless sponsors, holds the
Solar Decathlon, an international university competition for sustainable homes
powered completely by the sun. The Solar Decathlon provides an opportunity for
students to design and build an 800 square foot self-sustaining house reconstruct and
exhibit their homes on the National Mall over a period of three weeks.
The thesis premise: use LEAFHouse to demonstrate that, through multidisciplinary design, a more responsible and sustainable architecture can be produced.
LEAFHouse demonstrates the following five principles that, in combination with
each other, work as a framework that guided the project from start to finish, and that
illustrate the thesis premise brought to conclusion.

1. Use nature as inspiration and mentor.
a. The leaf as nature’s ultimate solar collector.
b. Touching lightly on the earth.
2. Demonstrate practicality of solar technology.
a. Using innovative and time tested active and passive technologies.
b. Ease of integration with conventional technologies.
3. Change the design and build process.
a. Interdisciplinary design – architecture, engineering, communications,
economics, chemistry, and finance students.
b. Intergenerational design – working with faculty, industry professionals
and mentors.
4. Address the Chesapeake Bay Watershed issues.
a. Erosion/Water Pollution – Green Wall, Grey Water Garden
b. Humidity – Liquid Desiccant Wall
5. Raise awareness about practical solutions and environment stewardship.
a. Integrate signage and communications materials into house
experience.
b. Public tours and presentations.
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This document has been prepared as a record for the work and
accomplishments of the 2007 University of Maryland Solar Decathlon Team and
fulfills the requirements of the Graduate School as a Master’s Thesis Document. Its
purpose is to serve to assist future Decathletes and Solar Decathlon Teams through
their design processes by using the LEAFHouse as a model and guide. Discussions
will focus on team building and hierarchy, project organization and process (using
sketches, drawings, written material, design documents, graphics, etc.) which were
completed over the two year course of the project.
The majority of this information will be contained in the appendix to this
document and will be cited throughout the thesis that follows. This document also
serves to provide personal testaments, experiences, and lessons as to the importance
of this project, not only in academia (to architecture and engineering students) but to
the professional realm and the leaders of tomorrow that will mold the future of
sustainability as well. The appendix to the document was completed as a
collaborative effort between team leaders, and serves to portray the design process
that emerged and evolved, as well as the teams’ participation in the Solar Decathlon.
In addition, team leaders made individual observations and chose to focus on certain
aspects of the project, reflected in the first section of the document. These documents
provide personal testaments to the importance of this project to not only architecture
and engineering students but to the leaders of tomorrow.
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Chapter 1: LEED and Sustainability
History1
In 1994, in part due to the increasing concern about the environmentally
unfriendliness of the modern built environment, the National Resources Defense
Council (NRDC) established a steering committee to study the way structures were
designed and built in the hope of establishing a rating system for sustainable design.
In turn the steering committee established a task force, which included non-profit
public agencies, government officials, architects, engineers, as well as developers,
contractors, builders, and industry manufacturers to help advise them during the
process. In 1998, after four years of study, the United States Green Building Council
(USGBC) established the Leadership in Energy and Environmental Design (LEED)
Green Building Rating System.
The overall goal of the new LEED rating system was to provide a checklist of
standards for environmentally friendly design and construction. It was created to
accomplish the following:
•
•
•
•
•
•

1

Define green building by establishing a common standard of measurement
Promote integrated, whole-building design practices
Recognize environmental leadership in the building industry
Stimulate green competition
Raise consumer awareness of green building benefits
Transform the building market

United States Green Building Council. www.usgbc.org.
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Figure 1. LEED Rating Systems

[USGBC]

In addition, its purpose was to “encourage and accelerate global adoption of
sustainable green building and development practices through the creation and
implementation of universally understood and accepted tools and performance
criteria.” In 1996, there was only one rating standard that was established that dealt
solely with new construction. Since that time, however, eight more ratings areas have
been established dealing with the realms of existing buildings, commercial interiors,
core and shell, schools, retail, healthcare, residential homes, and neighborhood
development. Each one of these ratings areas have had the LEED system specifically
adapted to its needs and functions, so that each system is tailor made to fit with a
specific typology or condition. The USGBC realized very early on that no one
ratings system could account for the vast array of difference in each of the nine areas,
and as such, they are constantly tweaking the existing ratings, as well as establishing
new areas as additional situations arise in this country. In addition to the growth of
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the ratings system itself, the USGBC and the LEED system have seen rapid growth in
their staff and technical advising committees. Since its inception in 1998, the
USGBC has increased its capacity from one committee of six volunteers, to twenty
committees of over two-hundred volunteers in 2006.
Today, the LEED system has become the “nationally accepted benchmark for
the design, construction and operation of high performance green buildings.” The
rating system gives designers, owners, and operators the needed tools to positively
impact their building’s performance and environmental impact. In creating the LEED
system, the USGBC wanted to promote a “whole-building approach to sustainability
by recognizing performance in five key areas of human and environmental health.
These five major subcategories of each rating system show at the top of the previous
page include (1):
•
•
•
•
•

Sustainable site development
Water savings
Energy efficiency
Materials selection
Indoor environmental quality

In addition, points are subjectively awarded for added innovation within the design
and/or construction of the building and site.
Within each of these areas is a series of itemized lists with the United States
Green Building Council has deemed important for a sustainable, environmentally
friendly building. The USGBC has in turn assigned a specific point value to each of
the items in the category, and to the category as a whole. With the aid of industry
professionals and consultants, an architect, engineer, contractor, or owner can go
through the list and determine which items, if any, from each category they think they
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can fit/afford into their building and site. If an item or strategy is employed in the
design, then full points are awarded for that item. When the points are tallied, the
project can receive a LEED rating on four distinct levels: LEED Certified (26-32 pts),
LEED Silver (33-38 pts), LEED Gold (39-51 pts), or LEED Platinum (52-69 pts).
The higher the score, the more environmentally friendly and sustainable the design is
considered by the USGBC, and public recognition or even government grants can be
awarded to the project.

LEED: Here and Now2
LEED accreditation has become a very important aspect in the modern built
environment, not only in the United States, but around the world, as it pushes to
“provide independent, third-party verification that a building project meets the
highest green building and performance measures. All certified projects receive a
LEED plaque, which is the nationally recognized symbol demonstrating
that a building is environmentally responsible, profitable and a healthy place to live
and work.” Many government agencies, such as the Department of Defense and the
Department of Agriculture, have mandated LEED accreditation on all of their
projects. Many state and local jurisdictions are also requiring certification at some
level for any public-owned or publicly funded project. Additionally, LEED based
projects are currently underway in forty-one countries around the world, including
Mexico, Canada, and India.
Many professionals, from architects and engineers, to real estate agents and
facility managers, are becoming LEED certified in order to better understand what
2

United States Green Building Council. www.usgbc.org.
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role they each play in the development of the ideas surrounding sustainability, with
each recognizing that through LEED accreditation and certification, buildings and
environments are created which have(1):
•
•
•
•
•
•
•

Lower operating costs and increased asset value.
Reduce waste sent to landfills.
Conserve energy and water.
Healthier and safer for occupants.
Reduce harmful greenhouse gas emissions.
Qualify for tax rebates, zoning allowances and other incentives in hundreds of
cities.
Demonstrate an owner's commitment to environmental stewardship and social
responsibility.

It is our responsibility as architects and designers to be stewards and guardians for
nature and our surroundings and to conceptualize, design, specify, and detail in such a
way as to enhance our environment and quality of life. For many years we relied on
technology and energy to make our buildings comfortable and habitable, and we have
suffered for it. Good design is environmentally friendly design, a design that
minimizes its impact on the surrounding environment, both natural, and man-made.
The LEED rating system has come a long way in its ten years of existence to try to
tackle this daunting task, and it will continue to develop to better address the most
critical issues at hand in the future as our ideas about being “green” and “sustainable”
continue to be molded and adapted.

5

Figure 2. LEED Certification Checklist for New Construction, Page 1.
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[USGBC]

Figure 3. LEED Certification Checklist for New Construction, Page 2.

7

[USGBC]

Chapter 2: The Solar Decathlon and Sustainability
The Guidelines
In the spring of 2006, University of Maryland graduate architecture students
embarked on the initial conceptions for their school’s entry into the 2007 Solar
Decathlon. These studies were carried out by a studio of approximately six graduate
students, led by three faculty advisors from the architecture and engineering
departments. During this spring semester, each student first conceptualized their own
project, and then each of the six designs was reviewed. Following the review,
students were paired up in teams of two according to likenesses in their original
design concepts, project parti, or goals. Each of these three teams was then given the
task to design what they believed to be the most suitable entry into the Solar
Decathlon.
At the conclusion of the spring semester, the three distinct designs were
presented to the faculty. These three designs can be found in the appendix to this
document. In addition, professionals and tradesman who would be involved with the
house were brought in to assess each of the designs and weigh in on the pros and cons
of each concept from every possible angle, including heating loads, transportation,
constructability, and market appeal. Notes were attached to each scheme to highlight
the positive aspects of the design, and at the end, these notes were collected in order
to draw out the best of each of the three schemes into what would hopefully be an allinclusive final scheme.
From these notes, and over the following summer and fall semester, during
countless collaborative meetings, brainstorming sessions, and workgroups, the team
8

slowly began to create an image or brand for their decathlon entry. By the end of this
tedious yet eye opening process, the team had created five guiding principles that
would serve as the basic guidelines for the house as the project moved forward from
conception to construction. The guidelines were to be used to shepherd the team to
use LEAFHouse to demonstrate that, through multi-disciplinary design, a more
responsible and sustainable architecture can be produced, and are as follows:

1. Use nature as inspiration and mentor.
c. The leaf as nature’s ultimate solar collector.
d. Touching lightly on the earth.
2. Demonstrate practicality of solar technology.
e. Using innovative and time tested active and passive technologies.
f. Ease of integration with conventional technologies.
3. Change the design and build process.
g. Interdisciplinary design – architecture, engineering, communications,
economics, chemistry, and finance students.
h. Intergenerational design – working with faculty, industry professionals
and mentors.
4. Address the Chesapeake Bay Watershed issues.
i. Erosion/Water Pollution – Green Wall, Grey Water Garden
j. Humidity – Liquid Desiccant Wall
5. Raise awareness about practical solutions and environment stewardship.
k. Integrate signage and communications materials into house
experience.
l. Public tours and presentations.

The Design
The design of the LEAFHouse and its components gained its most momentum
during the fall 2006 semester. Following the five guidelines listed above, the team set
out to design a sustainably-minded house through the collaborative efforts of its
interdisciplinary team. This was initially done through the use and incorporation of
solar technologies in the house. It was deemed that the most sustainable way to do
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this was to integrate these new technologies with conventional methods so as to
lessen the need for extreme innovation. In addition, incorporating designs specially
suited for the regional characteristics of the Chesapeake Bay Watershed helped the
team mold an idea about sustainability in our local region. However, due to many of
the constraints placed on the competition by the Department of Energy, the Park
Service, and other government agencies, many oddities were developed in the plans
of many of the houses. At one point, LEED certification for the house was even
considered, but it was determined that the house did not quite fit into any of the
ratings categories, and that, in fact, the LEED rating system simply did not
accomplish all of the goals for sustainability that the team had in mind for this house.
One of the most important constraints put on the competition was an eighthundred square foot allowance for all of the houses. This included all conditioned
space, as well as any device that was used to shade on the exterior of the house. Also
included in this allowance was anything technology that used solar power, such as
solar powered site lights. In addition, each house had a strict eighteen foot height
limit and solar envelope drawn over their “lot” on the National Mall so that no house
could shade or block the sun from its neighboring houses. This height limit had a
tremendous impact on the quality and size of interior spaces in all of the houses on
the Mall.
Early in the design process, however, the team had gone away from the flatroof box concept with tilted photovoltaic panels and instead decided on a house with
a much more volumetric interior with a sloped roof that would better integrate the PV
panels into the design. After many studies, the minimum PV angle that was needed
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was determined, and this provided yet another constraint onto the design of the house.
Due to such constraints that were placed on the team early on during the design

Figure 4. Cutting of FSC 2”x6” Studs for Wall Framing

[LEAFHouse Team]

development process, it was quickly found during the construction documents phase
that many of the dimensions the team had back themselves into a corner with were
not anywhere near what is considered to be conventional framing dimensions for
available materials.
Due to this fact, the team had forced themselves into odd dimensions and a
tremendous amount of wasted materials during the construction process. Every
attempt was made to use sustainable materials, and in many instances, such as our
Forest Stewardship Council (FSC) 2”x6” studs, environmentally friendly products
were ordered to try to offset the amount of waste generated. For instance, due to the
needed angle of the sloped roof for the PV array and the eighteen foot height limit,
11

the team had forced themselves into a finish ceiling height in the flat roof portions of
approximately 7’-1”, which was only one inch above the minimum allowable
clearance by code. This ceiling height in turn lead to a framed wall height of
approximately 7’-3” and a stud height of 6’-10 ½”. The only studs available on the

Figure 5. View of Waste Piles on Site.

[LEAFHouse Team]

market come in eight foot lengths, so the team had to settle for cutting and losing over
twelve inches from each of the over two-hundred studs used in the framing of the
house. Additionally, early on the house had been set at the odd roof framing
dimension of 2’-9” on center for the rafters. While this may not at first seem
significant, normal roof sheathing is designed to be installed on sixteen inch or
twenty-four inch on-center dimensions. Although oriented-strand board (OSB)
sheathing, which is considered to be a sustainable product made of waste materials,
was used on the roof, there was tremendous waste of materials during the sheathing
process because of the odd framing dimensions. This material could not be used for
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anything else on the project, so it was all discarded into a waste dumpster for
removal.
There were quite a few counterintuitive items and methods that were present
in the LEAFHouse design, many simply because the team had chosen to stick with
them because it was too late in the process to rethink, revisit, and redesign and detail
the issues. Structurally Insulated Panels (SIPS) were discarded as a possible
sustainable idea early on because the design was simply not far enough along to
produce the needed shop drawings for the manufacturer. Additionally, the SIPS
panels would not have provided the necessary flexibility that the team had to have
with a prototype building such as the one they were designing. The team saw many
items go and many items stay throughout the design process, with each part having
some sort of impact on the overall sustainability of the design and construction of the
project.
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Chapter 3: Sustainability Lessons
As was previously stated in the abstract to this document, countless hours are
spent studying sustainability and environmentally friendly design during architecture
school, including the USGBC LEED rating system mentioned in earlier sections.
While these studies are extremely valuable and helpful in molding students’ ideas
concerning sustainability and green design, the concern will always be that these are
just studies, not real life situations, and many constraints and issues can be ignored in
academia that affect sustainability in the real world. Studio culture does, however,
provide an excellent test bed for new ideas in sustainability, first realizing that it is
not something that can be invented overnight but instead is born from the marriage of
tradition and convention and blended with modernity. These are important issues in
reducing waste on the front end of a design, not in the final stages. Bean counting
such as the LEED rating system does not lead to green design, but rather
sustainability must be considered holistically from the beginning in dimensioning,
material selection, and construction method. The 2007 Solar Decathlon provided an
excellent case study to test this idea of sustainability through integration into studio
culture, and the marriage of conventional and modern methods.
As mentioned in the previous section concerning some of the design
guidelines and aspects surrounding LEAFHouse, faculty advisors decided early on to
use the LEAFHouse project for research in ideas about methods for sustainable
design and construction. This was not something that was stipulated by the Solar
Decathlon regulations or even actively encouraged by the competition coordinators,
as it was something that is very difficult to measure in a competition such as this. It
14

was also realized early on that the LEED rating system did not quite fit into this
project, and that was something that needed to be addressed within the design,
detailing, and construction of the house. In a way, LEAFHouse stood as a critique of
how sustainability is currently viewed and practiced in this country.
Sustainability today, as it is most often viewed through the LEED process,
almost works backwards with in the design. A building can achieve high LEED
certification without ever severely impacting the design, construction materials and
methods, and materials selection. As was shown in the LEED checklist at the end of
Chapter 1, LEED points can be achieved in such areas as access to public
transportation, and the inclusion of bike racks. Points are also awarded for recycling
programs, and the use of low-flush toilets and other water reduction devices. While
these areas and means are undoubtedly important to reducing the negative impact of
buildings on the environment, they do not impact the design of the building, and
many are not actually designed and incorporated into the structure from the beginning
of the project, but merely specified in the project manual for finishes. Where LEED
fell short was not only in the lack of holistic approach, but also in the point values
assigned to various categories.
Sustainability is something that needs to be viewed from the ground up, not
the top down. In order to be truly successful on all scales of a building, it is
something that has to be incorporated into the every phase of a project, starting with
the original proposal and design guidelines and ending with the construction
documents and project manual. In a well established firm that has been building their
ideas surrounding sustainability for years, this may be something that has already
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been introduced into the design process and culture of the firm, taking their
sustainability levels far beyond those “minimum requirements” contained in the
LEED rating system. Based on years of design experience, many more factors are
known that can be included in the process concerning proper dimension of materials
and the like. In an academic setting, such as the one surrounding the design and
construction of the LEAFHouse, this information and its related “constraints” are not
known by students. Therefore, many items that could be designed and constructed on
such a project require much more materials and/or generate much more waste than
they would otherwise if conventional means and methods were studied and explored
in more depth in the studio culture, and more resources were made available to
students to investigate those items.
Through the collaborative design environment that was used for LEAFHouse,
many items were constructed to be as sustainable as possible. For instance, the
design team was in constant contact with the engineering team when it came to the
efficiency of the exterior envelope, something that is not specifically addressed and
covered in the LEED process. The structure and envelope of a building is very
important to its overall efficiency and life-span. The design team was constantly
modifying glazing sizes and types, as well as wall thicknesses and insulation depth
and values to try to achieve as optimal and efficient shell to LEAFHouse as was
possible with the constraints on the project. For instance, the north skylight ridge was
changed from clear, double-pane glazing to Nanogel filled polycarbonate panels due
to the fact that the energy model showed that clear glazing would adversely affect the
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heating load so dramatically that it would offset the benefits of the natural daylight
coming through the opening.
In addition to working with the energy modeling team on the exterior shell of
the building, the design team also worked with the structural consultants to ensure
that the “optimal energy envelope” would mesh effectively with the needs and
structural requirement of the building. All of these collaborations occurred very early
on during the design process so that every angle would be considered and all
important aspects would be incorporated from the very beginning.
As the design and construction process continued through the spring 2007
semester, the team gained more experience with conventional construction materials
and methods and more adept at designing around these aspects to create an efficient
structure. As was mentioned in earlier sections, the roof framing was designed early
on in the process based on a 2’-9” on center rafter dimension, a dimension that was
completely unsuitable for available sheathing dimensions without wasted a significant
amount of material. While the team had accepted and embraced this aspect of the
design, concluding that there just was not enough time to revisit the entire issue, they
were not content with the waste of material. Because of this, the design and
construction teams decided to incorporate blocking in the rafter bays where the sheets
of roof sheathing would hit. This blocking allowed the sheathing to be run
continuously across the roof without custom cutting, greatly reducing waste of
material. Here again, is an instance of where the LEED system does not account for
such an issue. LEAFHouse had a recycling program for construction waste, which is
included in LEED credits, but they were not content with simply falling back on that
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option. Instead, they were proactive in changing what they could within the design
system such that less material had to be ordered, less waste was generated, and less
recycling was needed.
Another such instance where the lack of conventional knowledge in the
pedagogy impacted the design was in dealing with the exterior decks. The team also
had to deal with competition regulations in this realm, mainly with the angles of the
solar envelope on the site, which limited the reach of the decks on the site. During
the design phase, however, the team had no idea of the sizing of traditional deck
framing lumber, and instead, the decks were sized to the needs of the structure,
mainly when dealing with the north deck.
The north deck covered the large battery bank for LEAFHouse, and the
batteries needed to be protected from the weather as much as possible to prevent
corrosion on the terminals. Because of the racking system the team had chosen to
move the batteries under the deck, it was determined that the deck needed to be
approximately 12’-6” in length from the face of the house. While this was optimal
for the protection of the batteries, it was not optimal for the use of material and the
economy of funds available for the project. If the 12’-6” length for deck framing was
maintained, it would mean the team would have to purchase 14’ material and cut 18”
off the end of each board. This would increase the overall cost of the material
package, as well as increase the need for waste disposal of this material, since
pressure-treated lumber cannot be recycled. The design and construction team
quickly realized this issue based on their previously experiences on the project, and
changed the deck dimension to 12’ so that no material would be wasted in the
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construction of the beams for this deck. While this resolution led the batteries to be
more exposed to the elements, it did save the team materials cost, as well as the
disposal fee and environmental impacts that the treated lumber would have in a
landfill. Again, we see an issue of going beyond the call of LEED demonstrated
through the critical thinking of the LEAFHouse team.
It was about at this stage that the design and construction teams became much
savvier as to the efficient use of conventional building materials and methods. For
the remainder of the project, the teams were constantly collaborating on design issues
to make sure that no issue such as the one previously mentioned was overlooked
again. Every attempt was made to design within the constraints of the material that
could be order so that both material and funds were used as effectively and efficiently
as possible with minimal waste generated. This was not something that the team has
learned in the classroom, in the studio, or from the LEED guidelines brochure. It was
something that they had learned from the real-life situation of not only designing a
structure/detail, but also seeing that detail through construction and observing how
efficiently it was assembled, including labor time and material usage/waste. This was
not a simple progression that happened overnight, but instead happened over months
of collaborative efforts. While the LEED rating system currently does no incorporate
such efficiency ratings into its accreditation, the architectural pedagogy could be
changed so that such ground-up efficiencies permeate through the studio culture,
lessening the learning curve for the students for projects such as LEAFHouse, as well
as their future careers and dealings with sustainability issues.
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Conclusions: The Future
To further the sustainable nature of the LEAFHouse, the team began looking
at the issue of modularity in the spring of 2007, which can be found in the appendix
to this document. In doing this study, the team was trying to look at how the house
could be designed more efficiently using the traditional 16” and 24” on center
dimensions to which the majority of building materials are designed to work with.
This aspect of the design was to focus on reducing waste as much as possible through
the efficient use of a broad spectrum of building materials by minimizing cuts that
would have to be made on site and materials that would have to be discarded and
recycled. Recycling is always an effective way at mitigating the waste that has been
generated, but it is much better to reduce the issue of waste on the front end so that
recycling is not even needed. The design was also based on the fact that the entire
structure could be efficiently built of parts in a factory that were assembled on site, or
that the house could be built conventionally but without the traditional waste that is
present on the majority of construction site. Either method was equally suited to the
more rationalized plan of the house and was sustainable in its effective use of
materials.
The future of the architectural profession depends on its ability to adapt to the
changing ideas surround the practice. While those already in the profession serve to
help mold and incorporate these new ideas, it is the modern students and the
academic environment which provide the most influence and pressure on the
established realms to change. Sustainability and green design are one of the realms
on which students today will have a tremendous impact on architecture in the future.
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While students may work in constraint free studio environments, it is this lack of
limits which allows ideas to form, grow, and become established principles of
architecture. Studio culture provides a perfect test bed for new ideas in
sustainability. However, real life constraints cannot always be ignored in the
pedagogy. In order to fully understand and utilize the materials and methods which
are still to come, students must first realize the conventional materials and methods
which they have to deal with presently. When these methods are fully studied and
understood, new ways of applying them will undoubtedly form. Sustainability, as it
was demonstrated through the LEAFHouse project, is not something that can be
started from scratch and be born anew overnight. Traditional know-how is vital in
this discovery process, first realizing that sustainability is not something that can be
invented overnight but instead is born from the marriage of tradition and convention
and blended with modernity to use all the tools we have at hand in the most effective
and efficient way as possible. Sustainability is not simply the bean counting that is
represented and has been discussed in previous sections concerning the present state
of the LEED rating system. Instead, it is a holistic issue deeply rooted in regional
characteristics and traditional know-how. The growth of the knowledge of the
LEAFHouse teams demonstrates the effectiveness a ground-up, collaborative
approach to design has on the sustainability of the project, considering not only
“green” material selection, but also proper dimensioning, material selection, and
construction methods.
The LEAFHouse and the 2007 Solar Decathlon provided an excellent case
study to test this idea of sustainability through integration into studio culture and the
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marriage of conventional and modern methods to use our tools most effectively, in
the end proving that we still have far to go in our development of sustainable practice,
but also showing that we have come along way in our notions of what being
“sustainable” really means.
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Appendices
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The Solar Decathlon
Introduction
The Solar Decathlon is a design-build competition sponsored by the
Department of Energy and the National Renewable Energy Lab. Proposals from
twenty universities from around the world are accepted as part of this international
competition to design and build an 800 sq. ft. completely solar-powered house. The
competition takes place on the National Mall in Washington D.C. and consists of ten
contests in which the teams partake while open to the public for tours.

Figure 6. Solar Village on the National Mall

[Richard King]

The goals of the competition are to “challenge the student competitors to think
in new ways about energy and how it impacts our everyday lives,” as well as to
“provide students with a way to show and tell the world what they have learned,” and
to “push research and development of energy efficiency and energy production
technologies in order to encourage all of us to act responsibly when making energy
choices” (http://www.solardecathlon.org/purpose.html).
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Figure 7. Universities chosen to compete in the Solar Decathlon.
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After being chosen to participate in the 2007 Solar Decathlon, the twenty
universities were asked to choose a site for their house along Decathlete Way on the
National Mall. The site orientation served as a basis for beginning design of the
house.

Figure 8. Chosen sites of houses on the National Mall.

[www.solardecathlon.org]

In addition to choosing a site, teams were also asked to use the Rules and
Regulations established by the DOE and NREL as a set of guidelines for designing
the houses and as a means for beginning to strategize about each of the ten contests.
These contests include both subjective and objective contests ranging from
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architecture and engineering to hot water and energy balance and were judged on a
series of criteria established in the Rules and Regulations. The criteria are as follows:

Figure 9. Ten contents with descriptions.

[www.solardecathlon.org]
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Figure 10. Ten contests with descriptions (cont.’d)
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[www.solardecathlon.org]

Using these criteria as a framework for designing, the twenty chosen
universities spent approximately two years designing and building their solarpowered houses, and then transported them to the National Mall in October of 2007
where they were completed and open for public tours. The ten contests were judged
over the course of a week and subjective contest winners were announced each day.
Final scores and standings were announced on the last day of the competition in an
Awards Ceremony in which all teams were congratulated on their concerted efforts
and outstanding achievements over the course of the project.
In order to accomplish the goals set forth by the Solar Decathlon, teams
developed their own organization, strategies and ideals for designing and delivering a
solar-powered house; aesthetically pleasing and functional, using available, off the
shelf technologies as well as new and innovative means by which to live sustainably
and energy efficiently.
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Pre-Design
Introduction
Design of the University of Maryland 2007 Solar Decathlon entry began in
January of 2006 in a graduate level studio. The goal of the studio was to design and
detail the house to the level of Design Development Documents; the first set of
deliverables judged by NREL. Before these deliverables could be completed, the
studio, comprised of graduate students, faculty advisors, industry mentors and
members of the 2005 Solar Decathlon Team, established principles, goals, and
intentions for the house, separate from those set forth by the competition. These
goals and intentions consisted of both individual and team goals and intentions as
well as goals and intentions for the house ranging from discussions about how to tell
the story of the house and communicate the message to the public, to the desire to
have the design of the house reflect the principles established by the team. A means
for making design development and competition decisions was developed by way of a
team organization consisting of a flat hierarchy of students from a variety of
disciplines within the university.

Team Organization
The team consists of a cadre of eager, intelligent, insightful, committed
students from disciplines including architecture; mechanical, electrical, structural,
environmental, computer, and aerospace engineering; computer science; economics;
accounting; English; journalism; communication; finance; chemistry; physics;
neuroscience; geography; and landscape architecture. The group of faculty,
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professional colleagues and mentors represents an equally broad spectrum of
knowledge and expertise.

Figure 11. Bubble Diagram of Team Organization.

[LEAFHouse Team]

The organizational structure is a matrix of interdependencies with clear
leadership, but not a traditional hierarchy. This fosters communication and
collaboration, rather than emphasizing individuals. Everyone involved in the project,
from students to professionals, has the benefit of learning from each other. From the
beginning of the project, the team established the importance of having architecture
and engineering students work together on different aspects of the project. In fact,
one of the goals set forth by the team was to change the means by which we design,
encouraging a number of disciplines to collaborate from conception to completion,
working alongside each other rather than separately.
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Figure 12. The team at the Green Building Institute in Jessup, Maryland. [Gardner]

The University of Maryland entry was created through interdisciplinary
teamwork, resulting in an integrated whole in which architecture and engineering
elements complement and complete each other. The architecture is intricately linked
with the systems and the systems reflect the diagrams, thoughts and intentions of the
team as a whole.
Team Intentions
The Maryland Team viewed the Solar Decathlon as an opportunity to ask, and
answer, questions about the way we live. How do our actions affect the environment
and impact the future? What makes a “house” a “home?” What do the Vitruvian
ideals of firmness, commodity and delight mean for the 21st century? How do we
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integrate technology into our lifestyle? These inquiries led to an exploration of the
very nature and meaning of the form and use of the house, its place in society, and its
relationship to the natural environment.
The team began by studying the way that we “dwell”, establishing intentions,
strategies and tactics for changing the way we “dwell”. Diagrams were made to
reflect the ideals of dwelling, provoking a thought process for designing the house
that reflected the way we should “dwell” in the 21st century.

Figure 13. Diagrams examining the way we dwell versus the way we should dwell.
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[Mike Binder]

Figure 14. Intentions, Strategies and Tactics brainstorming session.

[Amy Gardner]

The intentions established for the house ranged from minimal impact on the
landscape, to the re-establishment of a connection to nature, both visually and
experientially. Strategies and tactics were developed to ensure the reality of the
intentions. These included designing in such a way to minimize the footprint of the
house on the site, locating the house thoughtfully on the site and designing with a
“complete life-cycle mentality” – suggesting the use of recycled materials, and
materials that are easily recyclable and sustainable.
The goals of the team became to demonstrate that through multidisciplinary
design, a more responsible and sustainable architecture can be produced. The
following five principles became the framework that guided the project from start to
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finish - use nature as inspiration and mentor, demonstrate the practicality of solar
technology, change the design and build process, address the Chesapeake Bay
Watershed issues, and raise awareness about practical solutions and environmental
stewardship.
Five design principles were also established as a result of team meetings and
collaboration which the team used as a checklist which students used to begin the
design process. These principles acted as the conclusions that students made about
the design of the house; that the house be livable, transformable, bio-inspired,
connected to nature and sustainable.

House/Team Branding
Based on the 5 principles of design, the team had multiple brainstorming
sessions on what the name of the house would be. The team wanted the name to be
one which relayed a strong message to the public, and a name that also mimicked the
design intentions of the house.
Several brainstorming sessions were held with communications mentor, Peter
Kelley, to determine the target market and target region of the house, in addition to
the brand, or label for the house. The name LEAFHouse was widely accepted by the
team, in that it held true to the goals and intentions set forth by the team; nature as an
inspiration, and was clearly able to portray the message of the team: that through
interdisciplinary, sustainable and environmentally friendly design, we can accomplish
the ultimate goal of “Leading Everyone to an Abundant Future.”
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Target Market/Target Region

Figure 15. Communications mentor, Peter Kelley

[Gardner]

In addition to giving the house an identity, the team also defined a target
market and a target region. After several brainstorming sessions identifying the goals
and missions of the team, they defined the target market as early adopting baby
boomers. This market can be characterized as empty nesters looking to downsize.
They are easily adopting of sustainable and solar technologies and want to
incorporate these innovations into their house in a way that is integrated yet also
affordable. The target region was determined as a result of the team’s building
location, competition site and anticipated final resting place. Thus the team wanted
the house to fit in aesthetically and systematically to the Chesapeake Bay region. The
Chesapeake Bay watershed encompasses much of the east coast and is plagued by
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issues that the team found important to address through the design of the house.
Some of these pertinent issues included water usage, erosion and humidity.
The team also discussed the ways which the LEAFHouse message and story
could be relayed to the public in order to gain support and interest in the project as
well as educate the local public about the issues found in the Chesapeake Bay region
to improve the conditions of both the natural and built environment.

Figure 16. Potential Communications Strategies
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[Gardner]

Figure 17: LEAFHouse Team Website

[www.solarteam.org]

Public Outreach
The team saw it as their mission not only to build an innovative and
sustainable house, but also to educate the public about their journey and the things
they learned along the way. This mission was achieved in many ways including face
to face meetings and presentations with professionals and local organizations, the
team’s website, and celebratory events. All of these methods were equally important
as the team saw spreading the word of the project as worthwhile and educational as
building the house itself.

38

In order to tell the story of LEAFHouse, the team developed a website that
was updated every week, showing the progress of the team. The website outlined the
development of design and construction through a Photo Journal that contained
images and text. The website also contained information for consumers about
different aspects of LEAFHouse as well as information about how the public can
apply technology and solar techniques to their own home. A webcam provided live
feed of construction and meetings on site. Another portion of the website contained
extensive information recognizing sponsors. This section showed the donations and
services as well as guided the public in how they could implement these technologies
and materials into their own lives. The website was an interactive and important part
of the team and its outreach mission.
In order to spread the mission of LEAFHouse to as many people as possible,
the team also made presentations to local organizations and professional practices.
Through these presentations, the team hoped to gain support and raise awareness of
the issues the team chose to address as well as learn from these organizations.
Through the process of design and construction, the team held events to
promote the house, fundraise and celebrate the progress. In fall 2006, the team held
an event to promote the house called Equinox. Held at Community Forklift, a second
hand construction materials exchange, the team unveiled the house design and
solicited support from the trades people, professionals and other members of the
public in attendance.
Several months later to kick off the start of construction, the team hosted
another event called Ground Raising. Members of the university, professionals and
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the media all gathered at the School of Architecture, Planning and Preservation to
celebrate the start of construction on LEAFHouse.
To celebrate the nearing of construction completion in September 2007, the
team held an event just before moving the house for the competition. The event
showcased the house and also gave an opportunity for the team to speak about their
goals and wishes. University President Dr. C. D. Mote and Maryland State Senators
were in attendance as well as students, team members, local media and the Mighty
Sound of Maryland marching band.

Figure 18: Photographs of LEAFHouse Team Events
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[Gaddam]

Figure 19: LEAFHouse Team Speaker’s Bureau Events
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Design
Precedents
Precedents which reflected the goals and intentions of the LEAFHouse were
chosen and analyzed by the graduate studio. A sample of these precedents included
Michelle Kaufman’s Glidehouse, Flatpak, and Farnsworth House. All of the
precedents studied were houses of a comparable size to LEAFHouse. The team
studied the houses looking at treatments of programmatic layout, connection to
nature, transformability and a variety of other aspects.

Figure 20. Michelle Kaufman GlideHouse, exterior.

Figure 21. Michelle Kaufman GlideHouse, interior.

Figure 22. Michelle Kaufman GlideHouse, exterior.
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Figure 23. Michelle Kaufman GlideHouse, interior. [http://www.mkdarc.com/homes/glidehouse/tour/tour.php]

In Michelle Kaurfman’s GlideHouse, the team examined the house’s
connection to nature as well as the basic programmatic layout. The house is
relatively open and takes advantage of the connection to the exterior. Along the south
side of the house, there are layers of sliding glass doors and panels that allow for a
seamless connection to the outside.

Figure 24. Charlie Lazor Flatpak House. http://www.treehugger.com/files/2005/01/flatpak_house.php
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Through an examination of the Flatpak House, the team explored the
modularity of the design. The team also observed the way that the pieces of the
houses were put together both on site and ahead of time. This exploration ultimately
led the team to explore partnering with a modular home builder or panelizing the
house itself.

Figure 25. Mies van der Rohe Farnsworth House.

Figure 26. Mies van der Rohe Farnsworth House.
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Figure 27. Mies van der Rohe Farnsworth House. http://www.farnsworthhouse.org/photos.htm

The team also examined the Farnsworth House. Through diagrams and
research the team observed an open layout as well as strong visual connection to the
exterior. This precedent provided an example of architecture touching lightly on the
earth. The house also contains overlapping spaces which the team could apply to
their own design.
The precedent studies done in preparation for designing the solar house were
exhaustive and informative. Through observation and analysis, the team created a
catalogue of ideas and techniques directly and indirectly applicable to LEAFHouse.
Three Schemes
Based on precedent studies and earlier established principles, students worked
individually on a scheme and were then paired based on similar ideas about the
design of the house. From this came three different schemes for the solar house
which were then discussed, determining which features best represent the goals of
LEAFHouse, and finding a way to incorporate them all into the final design of the
house.
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The three schemes that were developed were:

Figure 28. Scheme 1: Courtyard House

[Mike Binder and Huijun Shang]
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Figure 29. Scheme 2: Icon House

[Debbie Bauer, Devin Kimmel, Jef Zaborski]
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Figure 30. Scheme 3: Pavilion in the Landscape.
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[Kim Singleton, Brittany Williams]

After the three schemes were developed, students, mentors, and industry
professionals analyzed the house designs, and chose different elements that they
believed should be present in the final house design. The students then took these
design elements and principles and developed a diagram which encompassed all of
those ideas. The parti which resulted embraced the five design principles developed
at the beginning of the semester. These principles were expanded upon and became a
set of goals for the team in the detailing and completion of the house.

Figure 31. Parti for the final design of the house.
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[LEAFHouse Team]

Design Development Documents

Figure 32. Site Plan.

[LEAFHouse Team]

Figure 33. Floor Plan.

[LEAFHouse Team]
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Figure 34. South Elevation.

[LEAFHouse Team]

Figure 35. Transverse Section.

[LEAFHouse Team]
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Construction Documents

Figure 36. Site Plan.

[LEAFHouse Team]

Figure 37. Floor Plan.

[LEAFHouse Team]
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Figure 38. South Elevation.

[LEAFHouse Team]

Figure 39. Transverse Section.

[LEAFHouse Team]
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Figure 40. Wall Sections.

[LEAFHouse Team]

Figure 41. Details.

[LEAFHouse Team]
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Shop Drawings
Throughout the entire two year design process, the team worked towards
compiling, detailing, and describing drawings in packages that were sent out to the
various manufacturers and trades people. Over the course of ten months, packages
and shop drawings were sent out for everything from the roof and exterior finishes of
the house, to insulation, interior casework, and finishes.

Figure 42. Tradewood Shop Drawings.

[Tradewood]

Packages changed as design decisions changed, and everything continually
had to be re-detailed and re-checked to ensure it was correct. At these critical times,
it was vital that the entire team was involved and collaborated to ensure that each
team member was aware of the changes being made and how those changed affected
the work of each composite team. Clear and concise discussions were had with

55

mentors, suppliers and suppliers/manufacturers, and the process continued for weeks
depending on the depth of detail and precision necessary for that part or system.

Figure 43. ATAS Siding Detail Shop Drawings

[LEAFHouse Team]
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The process of completing the shop drawing became a back and forth between
the team and the manufacturers. This learning process had an effect on the schedule,
of course; however, the team gained valuable experience and expertise in this realm
in their dealings with all of the various manufacturers, as each subsequent package, as
a result became more and more succinct and well described than the previous

Figure 44. Shop Drawings for South Overhang Supports.
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[LEAFHouse Team]

The Design

Figure 45: Aerial View of Plan

[LEAFHouse Team]

Figure 46: View of South Façade.

[Williams]

58

Figure 47: Interior Space looking at the living room and kitchen. [Photo by Amy Gardner]

Figure 48. Perspective of southern green wall. [Photo by Amy Gardner]
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Figure 49. Perspective of southern wall of glass and louvers. [Photo by Amy Gardner]

Figure 50. Perspective of eastern elevation. [Photo by Amy Gardner]
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Figure 51. Architecture Brief Contest Report.

[LEAFHouse Team]
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Figure 52. Architecture Brief Contest Report (cont.’d)
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[LEAFHouse Team]

Figure 53. Communication Brief Contest Report.

[LEAFHouse Team]

63

Figure 54. Communication Brief Contest Report (cont.’d)
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[LEAFHouse Team]

Figure 55. Engineering Brief Contest Report.

[LEAFHouse Team]
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Figure 56. Engineering Brief Contest Report (cont.’d)
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[LEAFHouse Team]

Figure 57. Lighting Brief Contest Report.

[LEAFHouse Team]
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Figure 58. Lighting Brief Contest Report (cont.’d)
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[LEAFHouse Team]

Figure 59. Market Viability Brief Contest Report.
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[LEAFHouse Team]

Figure 60. Market Viability Brief Contest Report.
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[LEAFHouse Team]

Figure 61. Website Brief Contest Report.

[LEAFHouse Team]
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Figure 62. Website Brief Contest Report.

[LEAFHouse Team]
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LEAFHouse Larger
From the conceptual stages of LEAFHouse, the team wanted to make the
design of the house such that it could be incorporated into larger units or homes as
well as communities. The team believed that the 800 sq. ft. house stipulated by the
competition, although sustainably designed with green materials, was not sustainable
as far as the global community and environment was concerned. This therefore,
became one of the teams’ guiding principles. The competition houses were designed
to stand alone as a single family dwelling on a private lot, a situation that has the
potential to lead to suburban sprawl and the overtaking of green fields throughout the
United States. The systems and materials of the house may be sustainable and green,
but the one-off prototype houses were not. The LEAFHouse team thought of the
house in a different way in terms of master planning, in which densities could be
increased and sprawl could be reduced.

Figure 63. Early discussions on LEAFHouse communities.
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[LEAFHouse Team]

In the spring of 2006 the team set out to formulate ways to incorporate
LEAFHouse into larger communities. Many of these early concepts were
straightforward, simply using the basic LEAFHouse module and plan, and
incorporating them in various configurations to form larger communities. These
investigations provided a launching point for intense and detailed studies and designs,
looking at ways to incorporate the principles inherent to LEAFHouse into
communities.
‘LEAFHouse Larger’, a phrase coined by the team, took earlier studies to a
new level, trying to use the original LEAFHouse design and design principles to
create higher density living which could be incorporated into existing urban
environments. The goal was to achieve approximately thirty dwelling units per acre,
which was deemed effective land planning. In addition, ways to mitigate impervious
surface and parking, control water runoff, increase landscaping, and incorporate as
many green technologies and strategies into the designs was strongly desired and
encouraged. The open plan of the original design allowed for a lot of flexibility
during this stage, and the early established guiding principles continued to help the
team during this studio exercise.

Figure 64. Townhouse adaptation.

[Adam MacDonald]
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A successful adaptation of the original house design was found in its
transformation into an urban townhouse. The townhouse design took the approach of
a more rationalized, modular floor plan of LEAFHouse creating three-story row
house/townhouse sited in downtown Baltimore. The first floor of the townhouse was
a one bedroom apartment based on the enlarged LEAFHouse floor plan. To one side
of the plan were stairs which led to the two-story townhouse apartment above. In the
center of the plan was a large two-story atrium with a skylight.

Figure 65. LEAFHouse garden flats.

[Florence Ho]

Another increase in LEAFHouse density was accomplished in a three to four
story garden flat apartment complex which achieved 29 dwelling units per acre on the
Inner Harbor in Baltimore. This design focused on an interior rainwater/grey water
collection courtyard surround on two sides by 35 apartment units. In addition, the
section of the design was stepped to utilize existing site topography. The southern
apartment block was sited lower than the northern block, and the courtyard width was
determined by sun angles in an effort to allow as much sun as possible to enter the
courtyard and the north apartment units.
A third effective re-design using the guiding principles and the original
LEAFHouse module was the urban villa. This design incorporates the original plan
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into a new zero-lot-line urban villa which can be scaled up based on the needs of the
owner or the size of the family. This is done through the flexibility of added stories,
as well as an added wing that can be incorporated into the house and which utilizes
the original LEAFHouse module for its base plan. Unlike the previous two examples,
this design is not quite as dense and urban. The main house block and the optional
wings create a protected yet elegant inner courtyard for owner that allows for plenty
of sunlight into all the rooms of the house. In addition, there is a lush front yard
which helps mitigate street noise, yet still creates an inviting entrance.

Figure 66: LEAFHouse villa.

[Liz Maeder]

Finally, an investigation was undertaken to try to rationalize the existing plan
of LEAFHouse. Due to some of the constraints of the competition (height, solar
envelope, and square footage), as well as lack of team experience in design and
construction of buildings, the original plan for LEAFHouse was not one that worked
well with traditional framing material’s dimensions. As a result, a lot of waste was
produced on site during the construction process as studs were cut eight inches
shorter and plywood was sawn to be three foot wide instead of four, for example. In
this exercise, termed LEAFHouse Rationalized, attempts were made to transform the
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original LEAFHouse plan into one that could be modularized and produced much
more effectively, and efficiently than the original.

Figure 67. Existing LEAFHouse Plan overlaid with LEAFHouse Rationalized.

[Morris]

The entire plan was first laid out on a sixteen inch interval for wall framing,
and then a twenty-four inch grid was overlaid for roof framing. Every attempt was
made to make these two grids meet the floor, wall, and roof, to maximize material
usage and minimize material waste. With the grid now in place, a module was
created, and it was this module that would become the basis for the extensions of the
original plan into a 1200 square foot house (1 bedroom), a 1600 square foot house (2
bedroom), and a 2400 square foot house (3 bedroom). The team thought of these
rationalized plans as something that could be ordered, efficiently manufactured, and
sold to customers like a modern day Sears catalog home of the early 20th century.

Figure 68. LEAFHouse rationalized with modular extensions.
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[Morris]

Construction
Construction Schedule
The construction schedule for LEAFHouse became a project in and of itself.
Throughout the project, the schedule was constantly being adjusted to account for
construction and material delays. Mentors were available to aid the team in making
schedule adjustments, working with the team to make decisions based on the
constraints of the schedule. The project pushed forward despite the constant schedule
adjustments and seemingly constant setbacks.

Figure 69. Final Construction Schedule

[Dale Leidich]

The schedule was based on the amount of time that the team estimated that
each task would take, from design hours and procurement, to the actual installation of
the item. Each proceeding task relied on the one prior to it to be completed before it
was activated in the schedule spreadsheet. Through this method, the team could keep
a detailed account of everything that was going on in the project, and how long its

78

subsequent items would be delayed if previous tasks were not completed on time.
Constant team meetings were held in order to remain on schedule, keeping all team
leaders aware of the state of construction on different aspects of the house. Once the
house was enclosed, meetings were regularly held inside so that team members could
see and understand how each task was related and would affect the next.

Figure 70. Weekly schedule meeting inside the house.

[LEAFHouse Team]

As a result of these constant conversations, the team could easily see how any
delay in the task they were working on was adversely affecting many more tasks to
come. Scheduling of the project was often discouraging and difficult, as no student
involved had much in-depth experience with such a monumental task. In the end,
however, each student was able to gain a new appreciation for the scheduling of a
project and how vital it is in moving a project along efficiently.
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Construction Sequence
Foundation and Floor
In mid-February
2007, students arrived on
site to begin construction
by laying down the six
gravel beds that were to
support the cribbing for
LEAFHouse. The pea
gravel footings were first
set on a layer of filter
fabric which was

Figure 71. Foundation Sequence.

[LEAFHouse Team]

surrounded by a wood frame to help contain the gravel on site. Each pad was then
individually leveled. A week later, the 8”x8” poplar wood cribbing arrived from the
sawmill and was laid into place on the gravel pads. Each “foundation”, which
consisted of 10-14 pieces of interconnected cribbing, was designed to allow for
specific load bearing capacities as regulated by the National Park Service and
determined by our structural engineer. Since the gravel beds had already been leveled
the week prior, setting the cribbing in place was straightforward and went quickly.
Eventually, all the cribbing would also be tied down to prevent shifting of the
foundation piers.
Two weeks later, during the first week of March 2007, the 2-40 foot W12
beams arrived on site. With the aid of a forklift, the team placed the two beams on
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top of the cribbing piles. The following weekend one of our structural mentors
arrived on site with a transit level to aid the team in squaring and leveling the two
beams. Over the course of a Saturday, the team shimmed the beams into place. The
beam was then locked into place on the cribbing, and tied down to the site by an
innumerable amount of 18 inch soil anchors and cable. A treated 2”x8” wood plate
was then bolted to the steel beams through specified factory drilled holes, and the
team was ready to begin framing for LEAFHouse.

Figure 72. Foundation Sequence.

[LEAFHouse Team]
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Walls
With the foundation
and beams leveled and
securely fastened in place,
the LEAFHouse team set
out to construct the exterior
walls during the first week
of April 2007. The team
enlisted the help of
subcontractors since there
was not enough student
labor and experience
available to get the job
done efficiently. However,

Figure 73. Wall Sequence.

[LEAFHouse Team]

it was stipulated that the framing process would be a teaching one, and thus any
interested student could show up and help or learn. With the help and guidance of
three more of our construction mentors, students erected the exterior shell of the
building over the span of two days.
The exterior framing for LEAFHouse was somewhat conventional, utilizing
2”x6” studs (FSC certified) spaced 16” on center with ½” plywood sheathing on the
exterior. This allowed for a rapid construction pace since it is a well established
method. It also provided the needed flexibility in the placement of the systems later
in the rough-in process. All of the walls were first built and squared on the deck
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(complete with plywood), and then lifted, leveled, and secured into place by the team.
Once all the walls were up, additional leveling was done, and braces were added
throughout the interior to keep the structure square until the roof framing and
sheathing were constructed the following week. During the final stage of the wall
construction process, the window openings were cut out, and the LVL structural rim
was also added in preparation for the roof structure.

Figure 74. Wall Construction.

[LEAFHouse Team]
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Roof
In the second week of
April 2007, the team set out to
erect the roof of LEAFHouse,
again with the aid of our three
construction mentors. The roof
had three components: the open
steel ridge and skylight, the
sloped roof for the photovoltaic
array, and a series of flat roofs.
The steel ridge was composed
of a custom, team designed and
specified, steel pipe with
welded knife plates. This

Figure 75. Roof Sequence.

[LEAFHouse Team]

design allowed for the polycarbonate skylight.
During the first day, the team set out to erect the flat roofs which surround the
structure. The flat roof was constructed with 9-1/2” wood I-joists spaced 16” on
center and covered with 5/8”plywood. The flat roof contained all of the electrical,
mechanical, and plumbing systems for the house, and the wood I-joists allowed the
team to easily drill through the web for these rough-ins. Originally open web trusses
manufactured off site were specified, but due to the small span, the leftover I-joists on
site were utilized. This portion of the roof was supported on one side by the exterior
walls, and on the interior by paired 9-1/2” LVL beams supported by posts. These
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posts provided not only the support, but also allowed for the open plan of the house.
During the next three days, the team erected staging to temporarily hold the steel
knife-plate pipe in place. With the pipe in place, paired 2”x10” Douglas Fir rafters
were bolted to the knife plates on the ridge. These rafters were eventually covered
with 5/8” plywood and would become the supports for the photovoltaic array.

Figure 76. Roof Construction

[LEAFHouse Team]
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Doors and Windows
Following the
completion of the rough
framing for the walls and
roof came the installation
of the high performance,
solid Douglas fir doors and
windows. The doors and
windows had arrived in
April 2007 and had been
waiting in storage due to
construction delays. Prior
to ordering the windows
and doors, the team had

Figure 77. Door & Window Sequence. [LEAFHouse Team]

worked with the manufacturer on the shop drawings and detailing. The windows and
doors were custom designed and manufactured specific to the project.
The first step in the installation process was to wrap all the openings in a
rubber membrane to prevent water infiltration and rot around the opening. Metal
nailing flanges were then attached to the heads and jambs in order to fasten the
windows to the house. Once in the designated opening, the windows were centered
and checked for square. They were then leveled vertically and horizontally, and
shimmed as was deemed appropriate, with the final attachment occurring at the
nailing flange. Additionally, the doors were set in caulk to seal at the sills. Months
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later, after countless delays, the polycarbonate skylight from SuperSky arrived and
was installed over the span of a week. Team members installed the skylight with the
aid of a mentor from the factory. They assembled the prefabricated, specially design
pieces in place and then sealed the opening. With the skylight in place, the envelope
was now sealed and the team could finally install the siding and begin systems roughins.

Figure 78. Door and Window Installation.

[LEAFHouse Team]
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Siding
In mid-June 2007, once
the windows and doors were in
place, it was time for the
corrugated steel and FSC Eastern
White Pine siding to be installed.
Overall, the installation process
took approximately two weeks,
with the majority of the work
occurring on weekends during
that time. The team had obsessed
for months over every detail of

Figure 79. Siding Sequence.

[LEAFHouse Team]

the siding, including trim profiles, directionality, and profile. The team detailed the
siding and the way that it met other materials and parts of the house to reflect the
overall ideas and goals of the team.
Prior to the siding installation, however, the entire house was first wrapped in
HomeSlicker. This was a drainage matt product similar to the Tyvek product
typically seen in residential construction locally. The difference comes in the profile
of the HomeSlicker, which keeps the siding approximately ¼” off the drainage matt
in order to allow for water drainage as well as air circulation. This product was most
vital in order to ensure the longevity of the wood siding. After the HomeSlicker had
been installed around the entire envelope, trim profiles for the corrugated metal siding
were then installed around the windows and doors, as well as the drip edge at the
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bottom. The steel corrugated siding had arrived first and was therefore installed first.
The wood siding arrived a couple weeks later, and had to be stained and sealed before
installation. This was one of the most impressive tasks completed on the exterior, as
all of this work was done solely through student labor. With the installation
complete, the exterior was taking shape and the house construction was starting to
come together.

Figure 80. Siding Installation.

[LEAFHouse Team]
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Finish Roof
Also occurring in midJune 2007, concurrent with the
siding installation, was the
installation of the finish roof
system, which consisted of rigid
insulation topped off by a TPO
membrane. As a result of
specifying a commercial roofing
system unfamiliar to the team,
the team put this part of the
project out to bid through the

Figure 81. Finish Roof Sequence. [LEAFHouse Team]

University system. However, after a couple weeks of waiting, no bids were returned
and the team still did not have a roofer. After an additional strenuous and tumultuous
month of searching, a professional roofing specialist was eventually found. He
agreed to guide the team in the installation of the roof, with team members providing
much of the labor under his watchful eye and constant supervision.
The first step in the process was the installation of the rigid insulation, which
served several purposes: adding R-value to the roof, providing taper on the flat roof
for water drainage as well as adding an extra layer to raise the dew point and keep the
roof sandwich dry. With the rigid insulation installed, a ¼” fiberglass board was then
installed and screwed to the roof deck using fasteners and metal plates. With these
two elements in place, the final TPO membrane was finally laid in place, glued and
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then finally sealed to the fiberglass board. Over the next three months, and over the
course of countless weekend work sessions, the roof mentor continued to work with
the team and the roof slowly came together. After the concealed gutter was built
around the perimeter of the house, the roofing membrane was integrated into the
gutter and the house was finally sealed and watertight.

Figure 82. Finish Roof Installation.

[LEAFHouse Team]

91

Rough-Ins
After much delay and
anticipation, the rough-ins for
LEAFHouse finally began in late June/early-July 2007. The first
trade to rough-in was the
mechanical system. This was by
far the easiest of the rough-ins, as
the house only had one-30 foot
Figure 83. Rough-Ins Sequence.

[LEAFHouse

duct run through the north bio-mechanical zone which would provide for ventilation.
In addition, two vents were cut into the exterior siding in the east wall of the
mechanical room for supply and return to the house’s ERV system.
With the flexible duct and register boots in place, the plumbing rough-in could
commence following the conventional rough-in order of HVAC, plumbing, then
electrical. This portion of the rough-in also included the installation of the radiant
floor system. The team worked with the system manufacturer to create a radiant floor
layout. Unlike traditional radiant systems, the panel used has 1-1/8” thick plywood
panels covered in aluminum with pre-cut tube runs. The team used the Warmboard
drawings to lay out the system. Installation began slowly, but as the team began to
understand the system, the process sped up. Finally, the pex tubing runs were put in
place in the channels and then run under the floor and into the manifold in the
mechanical room. During this time, and with some aid from a professional plumber
,the plumbing fixtures, risers, vents, and waste drains were roughed-in, and the house
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was ready for its complex electrical components to be installed. With the constant
supervision of our master electrician mentor, many hundreds of feet of wire, conduit,
and data cable were pulled and boxes attached to the wall. Over the following
month, rough-in work would continue at a hectic pace as runs and locations were
finalized, trying to ready the house for our August 1st insulation installation
appointment.

Figure 84. Rough-Ins.

[LEAFHouse Team]
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Insulation and Finishes
On August 1, 2007, the
insulation installers arrived
from Virginia and immediately
began to prepare the house for
the soy-based spray-foam
insulation the team had chosen.
This insulation is unique to the
industry, as it uses water as the
Figure 85. Insulation & Finishes.

[LEAFHouse Team]

blowing agent for the
insulation instead of the normal HCFC chemicals. This makes this insulation
(BioBased 1701) much more environmentally friendly and thus appealing to the team.
One of the first tasks prior to blowing the insulation was to seal and caulk
around all of the windows and the bases of the wall to reduce the air infiltration in
those critical areas. Once that was complete, all openings were covered with plastic
sheeting to keep the over-sprayed foam off the windows and doors. With the house
now sealed and critical areas taped off, the installers took the next two days to blow
5” to 5-1/2” of insulation into all of our wall, roof, and floor cavities, giving the
exterior envelope an R-value ranging from 27.5 to 30.25. The standard blowing
process was lengthened to two days for this project because of the depth of insulation
the team had chosen. In a normal application, insulation of this type is sprayed three
to four inches thick. The depth the team had specified therefore had to be installed in
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two passes, with the second layer being blow once the first layer had dried
substantially.
In early-August 2007, immediately following the completion of the insulation,
interior finishes were installed. In one week, the drywall installers had hung, taped,
and finished all of our interior drywall, and the walls and ceiling were now ready for
a coat of paint. In addition, our wood floor installers came in and put down the wood
floor in a day, with finishing coming much later in September. Our tile installers
arrived and installed the recycled glass tile in the shower over the span of three days.

Figure 86. Insulation and Finishes Installation.

[LEAFHouse Team]
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Landscape and Decks
With the interior
of the house almost
complete, the team
turned its attention once
again to the exterior.
Design and detailing of
the deck and landscape
elements had been

Figure 87. Deck & Landscape.

[LEAFHouse Team]

progressing since February 2007, and the team had finally determined a solution to
the function, aesthetic, and transportability aspects that were needed. The team
investigated alternative framing materials, but in the end, pressure treated lumber was
chosen.
The landscaping elements and deck that surrounded the house were always an
important aspect in the design in terms of creating a connection to nature. The decks
and deck structure had to be designed so they could be easily disassembled and
assembled many times for the competition. For this reason, the deck system was built
very unconventionally using a panelized approach set on temporary concrete pier
footings. Every attempt was made to design the deck so that each part could be
managed by three to four team members during the assembly process. First, the
2”x10” deck beams were erected on their piers, leveled, and squared. Finally, the
individual deck modules were constructed of 2”x6” pressure treated joists, with the
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final decking installed once all the panels were complete. The construction process
continued during the months of August and September.
The second most visible landscape element to be installed was the green wall
on the southeast of the house. The system the team chose was already a modular
system, and thus it fit well into the design and transportability that was needed for
these elements. The modules had been growing at a local nursery. In the first weeks
of September 2007, the team brought them to the site to be installed on the paired
2”x4”s Doug Fir wood structure.

Figure 88. Landscape and Deck Installation.

[LEAFHouse Team]
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Solar Systems
During the final weeks of
August 2007, and on into
September, the team installed the
solar systems for the house. The
first step of the process was to
erect the extruded aluminum grid
on the sloped portion of the roof.
The system was chosen because
it provides the flexibility needed
for the attachment of the various
systems. This aluminum racking
system was designed to be the
support and attachment for the

Figure 89. Solar Systems.

[LEAFHouse Team]

photovoltaic array, as well as the solar hot water tubes still to come. The team first
planned out the installation on the ground, and then moved the installation to the roof
piece by piece.
With the grid in place, and despite brutally hot weather, the solar panels were
quickly installed. A team of four students installed the solar panels on the roof, as
well as the batteries that were under our north deck. Our master electrician was also
constantly on site, tying together wires and batteries to get our electrical system up
and running as quickly as possible so that we could begin to test and troubleshoot our
equipment.
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At the same time, a team of two mechanical engineering students were
working hard to install and plumb our solar hot water system and all of its related
components in the mechanical room. Work was now proceeding at break-neck pace
in an effort to finish the house and various components before moving day in the first
week of October 2007.

Figure 90. Solar System Installation.

[LEAFHouse Team]
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The Competition
Transportation
After completing construction on campus, the team then packed up the tools
and readied the house for transportation to the National Mall, Washington, DC. The
need for the house to be transported was constantly a part of the design process.
Because of the close proximity to the National Mall, the team was afforded the
opportunity to ship a very oversized load to the mall. The house was shipped intact
as one piece with only the solar panels and associated racking system removed for
transport. The exterior of the house was left exposed.

Figure 91. Preparing the House for the Move

[Brittany Williams]

Expert House Movers were in charge of the move. They began preparing the
house for the move early in the morning. The house was transported on the two steel
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beams that were included as part of the house construction for this reason. After
raising the house on jacks, the movers backed the truck under the house and installed
steel outriggers to carry the steel beams of the house. The house was then lowered
onto the outriggers and began its move across campus.

Figure 92. The House Traveling Through Campus

[Brittany Williams]

The house was taken through campus and then taken onto state roads at night.
The house traveled at approximately 10-15 miles an hour and arrived safely on the
mall around 1AM.
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Reassembly
Before the start of the competition, the team had to reassemble the house and
get it ready for public tours and the competition. A crew of approximately 20-30
students, faculty, mentors and friends of the team worked around the clock during the
reassembly process.

Figure 93: Siting the House on the National Mall, Washington, DC.

[Amy Gardner]

First, the team had to site the house and set it on its cribbing foundation before
any other work could begin. This took the entire effort of the team and the house
movers.
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After the completion of siting the house, the team was able to start work on
various aspects of getting the house ready to open to the public. There were various
groups of the team working to get the house completed and ready. Two of the first
priorities during set up were completion of the deck and site items as well as the
installation and re-hookup of the solar system including the assembly of the racking
system and solar panels. This process moved fairly quickly and LEAFHouse was one
of the first houses on the mall to be running off of solar power. After completion of
these items, team members worked to complete and install the remaining casework,
recharge the mechanical systems, complete landscaping, finish interior details,
assembly house exterior house accessories and finish installing the smart house
hardware and computer.

Figure 94. Reassembly of the PV Racking System
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[Brian Borak]

As these items were completed and the house was further completed, a series
of inspections were required. They were carried out by representatives of the
competition. These inspections were based on code compliances of our AC and DC
electrical systems as well as compliance with building code and National Parks
Service rules. In addition to code inspections the house was equipped with
monitoring equipment to allow us to compete in the competition.

Figure 95. Installation of the Rainwater Filtration System
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[Brian Borak]

Competition Week
Introduction
During the competition week, the team had to complete contest activities
including jury tours, driving the car, cooking a meal, and washing and drying clothes
while also giving tours to the public and talking to the media.
The Contests
The competition spanned 7 days and included both subjective jury tours and
objective tasks the team had to complete. The subjective contests involved giving a
tour to judges and the results were announced each day. The subjective contests
outcomes were tallied as they happened in real time. At the end of the week the
overall winner was announced.

Figure 96. A Deliberating Jury - Kaye Evans-Lutterodt/Solar Decathlon [www.solardecathlon.org]
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Figure 97: Excerpt from Engineering Design and Implementation Brief Contest Report

[Team]

The jury tours were conducted over two days periods where the house was
shut down and the team given the opportunity to allow the judges to tour the house.
The tours lasted approximately 20 minutes. Prior to coming to the mall the team
submitted Brief Contest Reports which were given to the judges before visiting each
house. This allowed the judges to have a general understanding of the house and its
overall idea and component and give the team an opportunity to be more detailed in
the tour.
The jurors were instructed to look for specific things within each house. For
example, the architecture jury is supposed to evaluate the houses based on the
principles of firmness, commodity and delight.
Each of the five juries was comprised of successful individuals in their
respective field. For example, Gregory Kiss, from Kiss Cathcart, a prominent
architectural firm that focuses on the integration of solar technology and architecture,
served on the Architecture Jury.

106

The LEAFHouse team paid the most attention to the jury tours portion of the
competition. The team used the tour time to explain how the unique aspects of the
house
as well as talk about the integration of the house systems and how the overachieving
principles applied to all aspects of the house.

Figure 98: Sample Event Calendar

[www.solardecathlon.org]

Also during the competition week the team had to perform objective tasks
each day and night. The tasks ranged from washing and drying towels to driving the
electric powered GEM car to keeping a constant temperature and humidity level in
the house. A team of students kept a constant strategy during the competition week.
Despite the simple nature of the contests, the team faced challenges in the areas of
washing and drying towels, boiling water and driving the car. In the face of adverse
outcomes in some tasks and contests, the team still held first place during the
competition for much of the week.
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Ultimately, the German team from Darmstadt out played the LEAFHouse and
in the end, the team placed 2nd over all while placing in the top two in 5 of the 10
contests. The competition concluded with a closing awards ceremony that took place
on the last day of the competition. At this ceremony, the winners of the engineering
contest were announced in addition to the overall winners of the competition. Santa
Clara took third place, while the Maryland team placed second overall.

Figure 99: Final Competition Standings

[www.solardecathlon.org]
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Figure 100: Maryland Final Competition Standings

[www.solardecathlon.org]

The awards were presented by Samuel W. Bodman, the Secretary of Energy.
When speaking about the Maryland team he said:
“At the beginning of the week, people wondered if the Maryland team would
have a home-field advantage because they are so close to Washington, D.C.
As the week progressed, and Maryland won the Communications contest and
was second in Architecture, Market Viability, and Lighting, it became clear
that Maryland didn't need any advantage. The Communications Jury praised
their excellent Web site and house tour. The Architecture Jury said the house
definitely belonged in the top tier. The Lighting and Market Viability juries
also had high praise. They were one of seven teams to score a perfect 100
points in the Energy Balance contest.”
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Figure 101: The Maryland Team Celebrates Their Second Place Finish

Figure 102: The Team Gives Public Tours of LEAFHouse
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[Al Santos]

[Amy Gardner]

Competing Teams

Figure 103: Carnegie Melon University 2007 Solar Decathlon Entry
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[www/solardecathlon.org]

Figure 104: University of Cincinnati 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Figure 105: University of Colorado at Boulder 2007 Solar Decathlon Entry[www.solardecathlon.org]
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Figure 106: Cornell University 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Figure 107: Georgia Institute of Technology 2007 Solar Decathlon Entry [www.solardecathlon.org]
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Figure 108: Technische Universitat Darmstadt 2007 Solar Decathlon Entry [www.solardecathlon.org]
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Figure 109: Kansas Solar Team 2007 Solar Decathlon Entry

117

[www.solardecathlon.org]

Figure 110: Lawrence Technological University 2007 Solar Decathlon Entry
[www.solardecathlon.org]

118

Figure 111: Universidad Politecnica de Madrid 2007 Solar Decathlon Entry
[www.solardecathlon.org]
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Figure 112: University of Missouri-Rolla 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Figure 113: Massachusetts Institute of Technology 2007 Solar Decathlon Entry
[www.solardecathlon.org]
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Figure 114: Team Montreal 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Figure 115: New York Institute of Technology 2007 Solar Decathlon Entry
[www.solardecathlon.org]
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Figure 116: Pennsylvania State University 2007 Solar Decathlon Entry
[www.solardecathlon.org]
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Figure 117: Universidad de Puerto Rico 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Figure 118: Santa Clara University 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Figure 119: Texas A&M University 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Figure 120: University of Texas at Austin 2007 Solar Decathlon Entry [www.solardecathlon.org]
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Figure 121: University of Illinois 2007 Solar Decathlon Entry
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[www.solardecathlon.org]

Public Tours
During much of the competition, the Solar Village was open to the public.
The members of the public ranged from knowledgeable professionals to school
groups to eager-to-learn adults. Approximately 200,000 people visited the houses
and the public spent approximately 20 to 30 minutes visiting each house. During
peak hours, the wait to get into some houses averaged around one hour.
The Maryland team wanted to give a concise and cohesive tour that allowed
people of all learning levels to get the most of the tour. Thus, the team decided to
have tour guides stationed throughout the house. Visitors to the house were
encouraged to wander and browse as they pleased and the tour guides either
volunteered information to curious members of the public or answered questions as
needed.
To reinforce the team and allow some team members to focus solely on
competition tasks, the team recruited and trained new team members to act as tour
guides. These team members were trained before the start of the competition and
learned information about the house through a series of talking points and from
listening to other team members interact with the public.
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Figure 122: Example of Nutrition Label in the House

[LEAFHouse Team]

In addition to the tour guides, LEAFHouse also utilized various print materials
in the house tour to provide more information to guests. The team felt it was
necessarily to provide information on all levels ranging from pictorial information
about the building process to signs highlighting the house systems and materials to
sponsor recognition to information about LEAFHouse at different scales. The media
was integrated into the house as well as added to the architecture itself.
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Figure 123: The Signage on the Mall

[LEAFHouse Team]

The team used nutrition tags to provide more information about the house at a
detailed level as well as recognize sponsors. These tags were placed around the
house so that visitors could gain even more knowledge about specific portions or
equipment in the house. They also provided energy facts comparing an average home
in Baltimore to an energy efficient home.
LEAFHouse incorporated signage within the landscaping of the house to
provide entertainment and information to those waiting in line for house tours and to
entertain the public before and after public tours each day. There were a series of
signs located at the front of the house that provided generalized information about the
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house, the team and the process as well as displayed a photo montage of the
construction process.

Figure 124: The Brochure Handed Out on the Mall
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[Lynsey Ring]

Another series of signs were located on the ramp and integrated into the site
plan as well. These signs contained more detailed information and had information
about the engineering systems and materials used in the house.
The team also handed out brochures to the public. The brochure was used to
provide information about principles of the team, the house systems and the members
team. It also told visitors about LEAFHouse at different scales and in different
locations. In addition to information about the house and team, the brochure also
encouraged visitors to write to their local government officials and take more energy
efficient measures in their daily life.
In addition to print material and the tour itself, the team also offered a audio
tour. The audio tour was a four minute tour describing the house and its systems that
could be accessed over cell phone. This entertained guests waiting in line for a tour
of the house and provided base information that tour guides could then elaborate.

Figure 125: Example of Bench Signage on Front of House
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[LEAFHouse Team]

Media and Communications
In addition to the competition and giving public tours, the team was constantly
interviewed by media. The team engaged in constant interviews for print media,
online podcasts and blogs, local and network televisions and radio. Prior to the
competition, the team had media training sessions to prepare them for the kinds of
questions the media would be armed with.
The team was followed by Beyond Production, a film crew taping a special
for the Discovery Channel, from the beginning of the summer through the
competition. The one hour special focused on the University of Maryland team, the
University of Colorado team and the Carnegie Melon University team and aired on
the Discovery Channel’s Planet Green network.

Figure 126: Film Crews at the Opening Ceremonies
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[Brittany Williams]

The team also gave tours and took advantage of media opportunities with
government and university officials. University President Dr. C. D. Mote visited the
house as well as U.S. Secretary of Energy Samuel W. Bodman and House Majority
Leader and representative of Maryland’s 5th congressional district Steny Hoyer.

Figure 127: Team Members give Steny Hoyer and Samuel Bodman a Tour
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[Aditya Gaddam]

Figure 128: Awards Received
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Post Construction/Post Competition

Figure 129: Proposed Site Location

[LEAFHouse Team]

LEAFHouse was designed and built for use as a house; however its final
location will be for a different more public use. After the competition, LEAFHouse
returned to the University of Maryland campus and is intended to serve as the
chapter house for the Potomac Valley Chapter of the American Institute of Architects
and become the Potomac Valley Green Design Information Center. The house will
be converted into an office while trying to preserve the integrity of the design and
systems.
While LEAFHouse will be a working chapter house, it will also be open to the
public for visits and tours. Members of the LEAFHouse team will also continue to
work on the house and continue research and development on aspects of the house.
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The Potomac Valley Architecture Foundation which will own the house holds the
mission "to educate the general public about the importance of livable communities
and sustainable architecture to improve the health, safety and welfare of the public,"
and "to educate architects, both professional and intern, about how to better deliver
safe, sustainable and beautiful buildings and communities to the public” (Unsell).

Figure 130: Proposed Site Location

[LEAFHouse Team]

Figure 131: Proposed Site Location

[LEAFHouse Team]
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