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A. Introduction
Buildings are as integral to human life as a hive to a bee or a carapace to a beetle. Simply put, we
cannot live without buildings. However, the way we presently create and use the built environment
causes problems that threaten not only future human prosperity, but also the very stability of life on the
planet. Buildings use 40% of the world’s energy [1] (73% of all electricity use in the US [2]), 14% of its
water [3], and 40% of raw materials extracted annually [4]. Each human development displaces not only
the natural environment on its site, but also disturbs a much larger ecological footprint due to the
materials and energy it consumes and the waste it generates [5]. As the human population has grown
and quality of life expectations have increased, the impacts of our built environment have contributed
significantly to degradation of natural habitat, biodiversity, and critical ecosystem function that provides
essential services we as humans depend on to survive [6]. Even the very climate of the planet is impacted
by buildings [7], as evidenced by rising global temperatures, changes in atmospheric chemistry, and
weather instability such as the recent super-storm Sandy.
If society is to continue to thrive and prosper, we need a better approach to creating our built
environment that fits with, learns from, and contributes to natural systems. The emerging field of bioinspiration (or biomimicry) provides a path towards this objective. Bio-inspiration “is the act of learning
from nature, borrowing designs and strategies that have worked in place for billions of years” [8]. In the
built environment, nature has long motivated various structures, but most have been biophilic, using
nature for architectural insight or connecting humans with nature via form.1 Bio-inspired building is
different. It seeks to integrate biology to transform buildings, its embedded systems, and the built
environment by incorporating the capacity of biological systems for self-sufficiency and co-existence
within our building design and community development paradigm. Consequently, it will move us
beyond what any current initiatives might achieve. Buildings and communities that are truly bioinspired are adaptive “organisms” which at least are self-sufficient and at best are net-contributors in
terms of energy consumption, water use, and carbon sequestration. Moreover, buildings that are
effectively situated within built and natural communities can provide cohesive habitats for humans, flora,
and fauna – thus bonding the built and the natural environment.
B. Vision and Goals
We propose to develop a doctoral program that answers the pressing societal need for professionals
with the interdisciplinary expertise necessary to create buildings and communities that are in fact bioinspired. Such graduates will have an immediate impact in university and industrial settings,2 and they
will change the relationship between the built environment and our planet. We will do this through a
radical shift in how we understand buildings by bringing together faculty from departments in CAUS,
CNRE, COE and COS and collaborating with interdisciplinary university centers such as the CMI, to
develop a program that explores building systems and biological systems synergistically to discover
innovative connections between these two fields.
The specific goals are to: (1) create and sustain a PhD program at the confluence of buildings and
biology whose students will undergo a transformation as they progress from a disciplinary perspective to
one where their views are naturally and inherently tied to the phenomena and tools that they have
studied in an interdisciplinary environment; (2) produce graduates who obtain highly competitive
academic and industry positions because their abilities to view grand challenges in the built and natural
environments through an interdisciplinary lens gives them a competitive edge; and (3) place Virginia
Tech as a global thought leader in this emerging area.

Frank Lloyd Wright’s ‘Fallingwater’ is a well-known contemporary example of biophilic architecture.
A recent study suggests that by 2025 biomimicry could represent $300 billion (in $2010) annually in US GDP and
provide another $50 billion by mitigation of natural resource depletion and CO2 pollution [9].

1
2
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C. Program Description
Intellectual Focus
Why look toward biological
systems as a means to improve the built
environment and the co-existence of the
built and the living? While biological
systems are far from perfect, their
capacity
to
effectively
sustain
themselves over time is not arguable.
For over 3.8 billion years life has
continued on this planet despite
cataclysmic change.
Generally, this
ability to survive is based on
homeostasis, which allows dynamic
maintenance of balance. Unfortunately,
current
building
design
and
community development paradigms
Figure 1. Scaling of Building and Biological Relationships
typically create systems that lack this
property. These tendencies have contributed to environmental degradation ranging from local habitat
loss to global climate change. If unchanged, the potential long-term impacts are staggering.
Biological systems are often characterized by their robustness, resiliency, and parsimony. We
identify three chief mechanisms that promote these characteristics: regulation, adaptation, and
integration. Regulation is fundamental to all organisms, and is the mechanism that allows them to
maintain
stability
through
change via active adjustment to
both
predictable
and
unpredictable
events.
Adaptation through natural
selection results in changes in
form and function of the
organism to be better suited to
its environment.
Integration
occurs at multiple levels and
includes
how
regulatory
systems work together (for
example
regulating
body
temperature and blood pH) but
also extends to the population
and community levels to
understand
how
different
Figure 2. Plausible Research Theme/Focus Area Advances
individuals and species interact.
If these features were inherent –
to the extent possible – in buildings and building systems, then they would respond more naturally to
shifting conditions or expectations. We also recognize striking similarities between the built and
biological systems as illustrated in Figure 1. In particular, exploring relationships within and between the
shaded areas is most opportune since a large proportion of current bio-inspired activity occurs at the
component or material scales. Figure 2 illustrates the types of advances that we view as plausible
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through this partnership by focusing on the three aforementioned biological mechanisms and analogous
building/biological relationships. Below, a vignette describes more specifically an effort in the integration
theme and neighborhoods|populations focus area.
As the built environment evolves, the facility construction and operation processes have historically disrupted
the natural environment, causing habitat degradation and destruction. Pearce and Moore obtain joint funding
for two Ph.D. students (one in Building Construction and one in Conservation Biology) who they co-advise with
Miller on a study of how vegetated building envelopes and greenspace can be developed to provide flyways for
migrating bird species while providing core building functionality and adaptive operational capabilities.
Coursework Structure
BioBuild’s educational model consists of three components, which are based on prior models, such as
VT’s MultiSTEPS. Figure 3 illustrates the program’s overall structure.
Component I: Cross-Discipline Education and Community Building. Students will matriculate into the
program through two tracks: (1) Building Systems and (2) Biological Systems. Here, the focus is
educating students across disciplinary boundaries and establishing a student community. All students
will take GRAD 5134
Buildings
and
Biology:
Discovering and Leveraging
Synergies led by Garvin and
Moore (see Appendix 3) to
introduce them to key
relationships between built
and biological systems.
Students in the Building
Systems Track will select
two courses (six-credits)
from existing courses in the
biological systems area and
vice versa; this will give
students exposure and
skills in courses that
complement their research.
New students will also
Figure 3. BioBuild Program Structure
participate in a one-credit
seminar series where continuing students as well as IGEP faculty will join in weekly presentations and
discussions about germane subjects. Students will also have the opportunity to rotate for a six to eight
week period among up to two faculty research groups or laboratories that are outside their disciplines.
Component II: Interdisciplinary Growth and Professional Development. Students will develop
interdisciplinary skills through curricular training and professional development activities, such as
conference presentations and encouraged TGE coursework. Two key elements are the elective courses
that students will take to enhance their intellectual dexterity and the innovative capstone experience,
CNST 5984 BioBuild Challenge Capstone I & II led by Buikema, Taylor, and Young-Corbett (see Appendix 3),
that will bring IGEP students together in a project-based environment over two semesters.
Component III: Interdisciplinary Research and Outreach. Every BioBuild student will identify a major
advisor from within their track and a co-advisor from the complementary track; the rotation experience in
Component I is geared toward facilitating this process. Student outreach opportunities will include
coordinating the national bio-inspired design challenge (described subsequently) and targeted industry
presentations.
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D. Recruitment and Retention
BioBuild will produce a graduate student who is fluent in both, basic biological and building
principles, as well as able to carry that knowledge forward in his or her own discipline to achieve
transformative change. Hence, we welcome students who are motivated to alter how the built and
natural environment interact and wish to learn how to find solutions that span both domains.
Recruitment efforts will include conventional approaches such as direct advertising, site visits to targeted
universities, and recruiting at annual meetings of relevant societies, particularly those associated with
underrepresented groups. Non-conventional approaches, including recruitment of outstanding VT
undergraduates from Honors Colloquia in biology and engineering and a biomimetic studio course in
industrial design as well as an annual national student bio-inspired design competition, will also be used
to recruit the best students both inside and outside VT. We envision that students from fields such as
conservation and applied biology, agriculture, natural resources, horticulture, architecture, construction,
landscape architecture, and engineering will have an interest in this program.
Retention is supported by the basic design of paths students can follow through the program and the
creation and evolution of social networks to support students in this unique transdisciplinary domain.
Each student is required to engage in program’s seminars, will be matched with a complementary
student partner to solve interesting problems in the capstone course, and will also be paired with
advising faculty members in both building and biology domains as they pursue their individual research.
Ultimately, a program space will be developed (target is Bishop-Favrao Hall) that can provide a forum
for collaborative inquiry, showcase bio-inspired building solutions, and establish a program identity.
E. Program Management and Assessment
Garvin (chair), Moore, Mueller, Pearce, Taylor, and Young-Corbett will constitute BioBuild’s initial
steering committee. New faculty will rotate onto the committee, and terms will be staggered to ensure
consistency and continuity; plus, faculty roles will change with time as necessary. This committee will be
charged with strategic planning, evaluating students for graduate support, organizing extra-curricular
events, and monitoring achievement of the program’s goals and outcomes.
Sound assessment and evaluation practices are fundamental to the success of the program. The
evaluation process is designed to (1) document goal achievement, (2) collect and analyze data to inform
improvement considerations, (3) assess the impact of individual program components, and (4) provide
reports to the steering committee and senior leadership. Best practices will be followed by utilizing both
qualitative and quantitative data collection methods. Specifically, these efforts will center on the key
goals/programmatic features of BioBuild: (1) charting changes in students’ interdisciplinary competencies
– measured by annual student activity reports, co-authored publications and publication topics, paper
and publication bibliographies, capstone course performance, and student focus groups; (2) evaluating
graduate recruitment and academic/industrial placement – measured by student matriculation numbers,
time to completion, graduation numbers, placement metrics, and post-graduation surveys; and (3)
assessing VT’s thought leadership – measured by faculty/student presentation invitations, publications in
high-impact journals, white papers authored, citations of publications, and research awards. Our
principal goal is to evaluate whether skills and interdisciplinary connections, once acquired, result in the
kind of performance the program’s training is designed to promote. We will also assess broader impacts
including the program’s capacity to recruit and retain a diverse population of trainees.
F. Program Sustainment
Program sustainment relies on recruiting, retention, and program outcomes; however, to arrive at a
steady state of 10 doctoral students entering the program annually by the end of year three external
funding is crucial. The BioBuild team was given seed funding by the MLSoC Research Affiliates, so
further support from this group will be pursued. More importantly, the team has identified numerous
targets for additional funding that are detailed in Appendix 4.
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Appendix 3. Detailed Description of New BioBuild Courses
GRAD 5134 Buildings and Biology: Discovering and Leveraging Synergies
This four-credit course has two fundamental objectives; first, students will explore complementary
elements in buildings and biology from the materials|molecules to the built environment|biosphere scale
through weekly panel discussions with BioBuild faculty; second, students will examine the strong
parallels between buildings and organisms, such as the similarities between temperature regulation
systems, respiratory/ventilation systems, communication systems, as well as population and community
structure. For building systems students to be able to implement ideas that evolution has worked on for
millions of years, they need to understand the fundamentals of biological form and function. Conversely,
for design communities to work in harmony with their environment, biological systems students need to
understand building design opportunities and limitations. By co-teaching this course we hope that the
students will learn a language that allows communication between the groups and encourages future
collaboration.
CNST 5984 BioBuild Capstone Challenge I and II
The BioBuild capstone course will occur over two semesters: Capstone I will emphasize the parallel
connections between building and biological systems at different levels of organization and Capstone II
will emphasize the creation of bio-inspired solutions in the regulation, adaptation and integration of
constructed systems. The goals of this course are to provide a major project-based experience that: 1)
bridges the cultural gap between biology and engineering; 2) develops explicit and intentional students
competencies and perspectives that are incidentally developed in an academic curriculum; 3)
incorporates engineering standards and constraints, and 4) promotes meaningful connections between
course work and career experiences; 5) facilitates transition from an academic career to a professional
career.
Faculty will identify challenges for students to select from or they may propose their own problem.
Faculty will solicit challenges from the VT community to provide realistic and client-oriented problems
for the students to address (creating a service opportunity similar in spirit to LISA). In groups, students
will study comparable levels of biological organization to propose a potential solution to the challenge.
For example, students might study hardwood tree structure to design towers that can grow in size yet
deal with meteorological stressors. Or they could be asked to design a recovery plan for massive
devastation caused by a tornado or hurricane; this complicated challenge would require students to study
restoration ecology and learn ecological concepts such as, but not limited to: populations, communities,
succession, climax community, intermediate disturbance hypothesis, food chains and webs, energy flow,
diversity, resilience, etc. And the students would have to struggle with a decision to either restore the
community to its original state or construct an alternative that offers better and more consistent and
sustainable services to the people. In addition, this type of problem would also require not only the
integration of biology and engineering, but also concurrent and parallel replacement of engineering
constructs and ecological systems.

BioBuild IGEP

Page 8

Appendix 4. Targeted Funding Sources to Sustain BioBuild (Note this is illustrative)
Agency
VT

NSF

NSF
NSF

NSF

NSF

NSF

USAID

DOE

NSF

AFRL

NSF

NIEHS

RFP/RFA Title
ICTAS – Seed Proposal: Dependent-Independent
Infrastructure Transformations: Lessons from Organism
Development
Integrative Graduate Education and Research Traineeship
(IGERT): Bio-Inspired Buildings: Integrating Building
Systems and Biological Systems Theories to Transform the
Built Environment

Cyber-Physical Systems: Alternative Forms of Sensing to
Accommodate Human Needs in the Built Environment
Environmental Sustainability: Synergistic Vegetated
Building Envelopes and Greenspace for Conservation
Biology
Systems Science: Integrated Human/Natural
Environments for Coupled Structure, Thermal Regulation,
and Air Quality at the Building/Neighborhood Scale
Research Collaboration Network (RCN-SEES): BioInspired Building Network: An International Community
of Scholars Integrating Building Systems and Biological
Systems Theories to Transform the Built Environment
Interdisciplinary Research in Hazards and Disasters
(Hazard-SEES): Integrated Re-examination of Urban
Ecological Response to Extreme Events
Millennium Alliance: Addressing Resource Constrained
Development Challenges in the Built Environment at the
Base of the Pyramid
Biological and Environmental Research (BER): Integrated
Forests and Building Development for Thermal
Regulation and Indoor Air Quality
Dynamics of Coupled Natural and Human Systems:
Building and Development-scale interactions

Natural Materials and Systems (RSL): Integrated
Human/Natural Environments at the
Building/Development Scale
Partnerships for International Research and Education

Strategic Funding Goal: Promote interdisciplinary,
integrative research approaches.
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Taylor (PI)
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Pearce
Garvin (PI)
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Mueller
Pearce
Taylor
Young-Corbett
Reichard (PI)
Mueller
Pearce (PI)
Miller
Moore
Reichard (PI)
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Young-Corbett
Taylor (PI)
Garvin
Hindman
Moore
Pearce
Buikema (PI)
Taylor
Young-Corbett
Garvin (PI)
Reichard
Reichard (PI)
Brunner
Young-Corbett
Moore (PI)
Brunner
Pearce
Reichard
Pearce (PI)
Moore
Reichard (PI)
Garvin
Moore
Taylor
Young-Corbett (PI)
Reichard
Pearce

Due Date
11/2012

Limited
submission
Due to VT
12/2012

1/2013
2/2013

2/2013
10/2013
2/2013

2/2013

3/2013

9/2013

11/2013

Open BAA

t.b.d.

June 2013
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