








2.3 The 200Natural FusionTeam developed to attain this goal. To assure a well-integrated
project, it was intended that courses would be offered as a
“When you build a thing, you cannot merely build that thing series, semester to semester, providing a venue for team
in isolation, but must also repair the world around it, and members to oversee the development of the project and an
within it, so that the large world at the one place becomes opportunity to better integrate the Solar Decathlon into
more coherent, and more whole; and the thing which you curricula. Establishing a course to formalize team project
make takes its place in the web of nature, as you make it.” integration was to provide the opportunity for student team
members to build their knowledge through presentations by

Participation by Penn State in the 2009 Solar Decathlon wdsVited expert guests and regular meetings with faculty

spearheaded primarily by a few students who haddvisors. It would also allow students to receive course

contributed to the 2007 project. Excited by the uniquecredits applied towards their different majors. However, the

educational experience and how well the team did in 200¢!ass structure was abandoned following the Spring 2009

and anticipating even better performance in 2009 based gigmester, in the interest of a more student-centric structure.

lessons learned and opportunities to extend the “educationstead, the founding members of the student team

footprint’ to more areas of expertise at Penn State, th@Stablished a protocol for recruiting and selecting Core

students sought faculty advisor support, set a strategy féheémbers to manage focused teams within the larger

team development, and submitted a proposal fofnterprise. These team members were selected based on an

participation in the 2009 Solar Decathlon within weeksinterview process and students who were “hired” into team

following the closing of the 2007 competition. leadership roles were asked to make a commitment to see
their part of the project through to completion. Frequent

DubbedNatural Fusion the conceptual design of the home studenF team meetings were organizeq for all Core members

encourages interaction between inhabitants and thelP facilitate a continuous-loop design process, where

surrounding environments. By actively striving for anintégral team members were constantly updated on

integrative design process, the 2009 Penn State So|gpvelqpments and coordinating details, rather than periodic

Decathlon team had ambitious goals for applied researcgoordination.

redefining the accepted ideas of BIPV (building integrated

photovoltaics), and partnerships beyond the University. The

educational and research opportunities provided by the Solar

Decathlon were strengthened and elaborated on through

partnership with industry. The Natural Fusion team’s

conceptual theme for design and marketing was: “Redesign,

Rebuild, Reside = Reinventing the Conventional Ideas of

the Home”. Developed following the devastation of

hurricane Katrina and the realization that HUD emergency

dwellings were spurring serious health problems, the team

set out to examine and redefine modular housing in a

sustainable way with an eye towards long-term energy

independence. Pennsylvania has a strong culture of

manufactured housing and a collaborative relationship with

this industry allowed for unique partnerships that could be

capitalized upon to implement the team’s marketability

strategy. Fig. 3. Penn State 2009 Natural Fusion Team. Photo Credit
Ray Fredericks.

Curriculum integration of the 2009 Penn State Solar

Decathlon effort was coordinated through Penn Statdhe Core student management (16 members by 2009) was a

Institutes of Energy & the Environment (PSIEE) and thecatalyst for the Natural Fusion project; they studied the

Principle Investigator, Jeffrey Brownson, a faculty memberintegrative design process and interpreted it as a means

in the Department of Earth and Mineral Engineering, intowards a fusion of technologies and living space (figures 3

cooperation with faculty and colleges throughout theand 4). The very nature of a small team encouraged

university™® As a part of the initial proposal, several collaborative iteration through intensive working sessions

courses were identified to contribute to the 2009 PSU Solaand discussions. One of the crucial discussions and

Decathlon entry, building upon relationships established fodecisions made by the team early in the design phase was to

the 2007 competition. Efficient project design integration,devote funds to specifically support the education of a

and improving upon the 2007 process, was a primary focugraduate student who would specialize in learning and

of the 2009 team and a course offered in Spring 2008 waserforming energy simulations for the Natural Fusion
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project. Funds were matched by the College of Earth and
Mineral Sciences, and the Department of Energy and
Mineral Engineering and the student will be graduating with
an MS in Energy and Mineral Engineering in the Summer of
2010.

The complexity of the issues addressed encouraged the team
members to extend well beyond comfort zones in the early
discovery phase of the project and throughout RD&D. The
expectations for each Core member was outlined in the
original  “job  description”, in  which roles and
responsibilities were defined prior to the interview process,
and target performance was periodically assessed to assure
that overall team goals and interdependent tasks were met.
The Core approach developed for 2009 did, in fact, generate
an integral team consistent with the Natural Fusion theme,
but limitation of a small group working towards very large
goals was also evident. To assure adequate development of
all aspects of the complex project a wider body of student
involvement was required. Towards this end, each core
team member was responsible for facilitating an aspect of
the project, for the most part paralleled with the individual
Decathlon competitions, including communication, market
viability, architecture, engineering, etc. The student team
leaders were responsible for establishing and managing a
team to fulfill the role assigned to each. This structure
tended to expose disciplinary divides and required many
group discussions to work through disagreements in
priorities, although a role for executive decision was
assigned (by the team) to a single student Team leader.
Additionally, while a greater sense of ownership for the
whole was realized by the Core members, group members
who were committed to individual project development
teams often felt left out of the decision-making process
leading to decreased sense of ownership, buy-in to overall
goals and respect for project deadlines.

In the culminating competition, the Core team was excluded
from two days of data collection, largely due to challenges
of a greatly reduced construction timeline (several days
shorter than in 2007) with a smaller student construction
crew. Despite excellent thermal and PV performance over
the competition, the absence of data suggested poor home
performance to the public, and indicated a significant
problem with transparency of performance data for homes
in the overall Decathlon for 2009. That being stated, the
Natural Fusion team tied for 3" Place in the Lighting Design
competition, and won 3™ Place in the Engineering
competition. The event drove home a realization among
team members that the process was of far more value than
the deliverable, as three members are now going on to
pursue PhD degrees in their fields of interest, a much larger
cohort will be entering into or completing MS degrees, and
graduating Core members were effectively able to pick their
employers despite a depressed economy in late 2009.
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Fig. 4: Interior of the Natural Fusion home on the National
Mall in Washington, DC during the 2009 Solar Decathlon.

3. CONCLUSION: BUILDING A COMMON
LANGUAGE, ESTABLISHING MUTUAL RESPECT

“Only by immersing ourselves in collaboration with
engineers and material scientists [can] we begin to
understand the nature of producing a composite™.*?
Collaboration is challenging, even in the best of
circumstances. Power struggles and prioritizing expertise
are just a couple of the multi-faceted issues. However
integration through collaboration is the future and we
recognize our students as leaders in realizing the embedded
potential. The Solar Decathlon provided an introduction to
the necessity and benefits of the Integrative Design Process,
but also identified the challenges. The seed of the
MorningStar efforts sprouted—and two homes were
constructed rather than one. MorningStar Pennsylvania,
will be permanently located at Penn State’s Center for
Sustainability as the Hybrid Renewable Energy Systems
(HyRES) laboratory. MorningStar Montana is a two-
bedroom affordable solar home constructed on the Chief
Dull Knife College campus in Lame Deer, Montana. The
catalyst in Natural Fusion continues to generate new
research and learning opportunities as well. The Natural
Fusion team created a collaborative relationship with a
modular home manufacturer in PA, Professional Building
Systems, to inform and assist with the design development
and construction of the primary structural elements of the
home. The home will be permanently located at the campus
of Bayer MaterialScience in the Pittsburgh area, PA, and is
planned for extended research collaboration between Bayer
and the Brownson research group, including data collection
and validation of new energy simulation components.

We’ve all heard variations on the joke about “Integrated
Design” ...”Everybody’s doing it, few are doing it well”

first published in the SOLAR 2010 Conference Proceedings



(some versions cruder than others). Based on our
experiences as faculty advisors in the Decathlons we realize,
that even when accepted in principle, obtaining the objective
of an Integrative Design Process is not easy or intuitive.
Recognizing the global need for informed decision-making
in renewable energy strategies for the built environment,
these authors (one a faculty member in architecture and the
other in Earth and Mineral Engineering) feel that the
educational system must transform as an incubator for
increased cross-disciplinary interaction and catalyst for
interdisciplinarity. Education must set a foundation for
common knowledge, establishing goals and a common
understanding of basic principles of energy, ecology, and
the inter-related nature of systems thinking, on which
disciplinary expertise can be overlaid. Laying this
foundation and setting the stage for dialog, we hope, will
foster attitudes of mutual respect that will lead these
students to seek collaboration in addressing future
endeavors, facilitating leaders on the road towards
integrative design processes.

The principles, technologies, and impact of renewable
energy systems must be investigated at multiple scales and
from multiple points of view and areas of expertise - from
materials, to systems, to buildings, to planning. Therefore
engagement between disciplines must expand beyond the
traditional architect /engineer consultation structure to
include other disciplines including material science. Our
educational system must be both seed and catalyst fostering
responsible decision-making in a carbon-constrained
environment. Partnership is a key tool for transitioning
students, professionals, and policy-makers in colleges,
industry, and global society towards a renewable energy
future.
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