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ABSTRACT

The thesis serves as an investigation of
the possibilities of biomimicry as well as an
exploration of harvesting energy from the
sun, the wind, the rain, and the earth.

Biomimicry, derived from the Greek words
bios meaning “life” and mimesis Mmeaning
“‘imitate” is the examination of nature in order
to create systems that are derived from the
natural world and provide sophisticated
solutions to hurman problems.

Biomimicry asks the guestion. “What in
nature has already solved what | am trying
to solve?” In the case of this project, nature
will inspire the creation of a new building
typology, Bio-Inspired Solutions Laboratory,
which intends to expand the scope of
environmentally responsible architecture.




“For the development and improvement of humanking, it is imperative
to renew a commitment to living as part of the earth by understanding
development and growth as processes which can be sustained.”

-The Hannover Principles, 1992
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Nature is an invaluable resource for
discovering new ways to approach design
issues, and | firmly believe that architects
have much to learn from the natural
world. It is important that designers remain
innovative and, like nature, find new ways to
adapt to and to sustain an ever-changing
world.

| believe that designers should imitate
what nature has already discovered and
learn to apply it to design. For instance,
fiber manufacturers are currently studying
spiderwebs to understand how their silk
strands are five times stronger than steel.

| believe that architecture is based on
context - the user, the culture, the climate,
and the environment. | believe that “cookie
cutter architecture” that which is placed all
over the world without adjusting to its site,
has no value or integrity.

| believe that the mostsuccessfularchitecture
integrates with its site and provides @
deep connection and understanding of
its environment Architecture is not about

standing out or having an interesting form.
Rather, | believe that the success of a design
is measured by how it is used and how it
sustains its environment

| believe that architecture can play a role
in society as an agent of social change.
Architects should not only be aware of, but
responsive to the cultural and social context

| believe that we, not just as architects but
as members of the human race, have a
responsibility to the environment and to the
earth. | truly believe that architecture must
lead with consideration, integration, and the
betterment of the environment

The investigations that i wish to explore
include the creation of a building typology
that derives itself from the natural world. The
conceptual investigations that | intend to
undertake focus on biomimetic architecture
as a means of integrating nature with
building design.



Humankind has been looking to nature for
inspiration since our early beginnings. Still
today, we have much to learn from evolution
and natural selection. The natural world is
constantly working to outperform itself, by
perfecting its processes and evolving to
adapt to an ever-changing environment.

Biomimicry is about bringing a new
discipline - bioclogy - to the design table.
From aesthetics and form to function and
purpose, biomimicry gives us the opportunity
to emulate nature’s well-adapted designs to
solve human problems.

In my thesis, | wish to explore how
architecture can do the same. There s
a world of beauty and efficiency to be
explored through biomimicry, and designers
should draw inspiration from and learn from
nature in order to better contribute to the
environment.

Biomimicry is an approach to innovation
that seeks sustainable solutions to human
challenges by emulating nature’s time-
tested patterns and strategies. It is the

most powerful solution to making our built
environment better adapted to life on earth.
Biomimetic design is a means of producing
buildings that imitate natural processes for
the betterment of the enviromment and the
human condition.

Biomimicry is a powerful science and
tool for designers and environmentalists
alike. Today, biomimicry is often applied to
innovative designs of varying capacities,
including prototypes for products such as
Fontus, a self-filling water bottle that collects
humidity from the air and transforms it into
a potable water source.

In designing the high-speed bullet train, an
issue arose when the train passed through
tunnels. When this occurred, a loud booming
sound would result from the high speed
impact. The original design for the front
of the train was reconsidered, and a new
solution was modeled after the beak of
the kingfisher, a bird able to dive into water
without making a splash, which ultimately
resolved the issue of sound.

Unfortunately, since it is such a new concept,
there are few precedents and architects
willing to discover how this idea can be
formally applied to building design.

As | begin this exploration into my thesis
project, | will investigate ideas from nature
which | believe apply to architecture to find
an architectural solution.

Conceptually, | wish to understand the
process of examining nature to create
models and systems to solve human
problems. Through my thesis project, | hope
to speculate about what biomimicry means
for the future of design and to inspire the
continual study of nature to achieve a more
sustainable built environment

13
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One of the earliest known forms of
biomimicry is an invention from the 1940s
in  Switzerland by an engineer named
George de Mestral. While hunting in the Jura
Mountains, the needles of cockle-burs got
caught on his clothing and in his dog’s fur.
Having wondered how the needles attached
themselves, de Mestral studied their
composition, which inspired his invention,
Velcro®.

Nov. 21, 1961 . pe mestraL /009,235

SEFARABLE FASTENING DEVICE
Filed May 9, 1968




Most biomimicry points to a specific organism for inspiration. However, the concept can be more broadly applicable when design strategies
and principles are identified by other scientists, designers, and engineers. The excerpt below outlines the principles of biomimicry:

Nature runs on sunlight.

Nature uses only the energy it needs.
Nature fits form to function.

Nature recycles everything.

Nature rewards cooperation.

Nature banks on diversity.

Nature demands local expertise.

Nature curbs excesses from within.

O 0O ~J O U A W NN

Nature taps the power of limits.

-Janine M. Benyus, 9 Basic Principles of Biomimicry

The following chapter provides examples of biomimicry as applied to architecture.

17
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LOCATION:
ARCHITECT:
AREA:
YEAR:

LONDON, UK
JOSEPH PAXTON
990000 SQ FT
1851

The Crystal Palace, designed by Joseph
Paxton in London in 1851, is widely known for
having been modeled after the giant weight-
bearing water lily pads.

Built in the mid-19th century and almost
entirely of plate-glass and iron, its light
structure was a revolutionary concept of its
time. The design intended to demonstrate
how thin structures, just like lily pads, can
support great amounts of load.
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LOCATION: ZIMBABWE, AFRICA
ARCHITECT: MICK PEARCE
AREA: 333000 SQ FT
YEAR: 1996

chimneys direct hot air out of the
building, hot air could be used for
energy production if, for example,
vertical axis wind turbines or sterling
engines are mounted on the chimney

Natural ventilation for
high-rise buildings
(termite model)

B -warm air
W - coolair vegetation, reduces

sunlight heat}

e

=" cannection ta
heat core

" veat)

E N
accumulation box

The Eastgate Centre is a shopping centre
and office block designed to be ventilated
and cooled by entirely natural means. It
provides retail space, office space, as well as
parking for 450 cars.

The building performs at low cost low
maintenance, and low environmental impact
and uses only 10% of the energy needed by
similar conventionally cooled buildings. .

The building is guite possibly the first in the
world to use natural cooling to this level of
sophistication. An example of biomimicry, it
achieves passive cooling and ventilation by
replicating local African termite mounds.

Passive cooling systems are particularly
appropriate for this part of Africa because,
long before humans thought of it passive
cooling was being used by the local termites.

Termite mounds include flues which vent
through the top and sides, and the mound
itself is designed to catch the breeze. As the
wind blows, hot air from the main chambers
below ground is drawn out of the structure,
helped by termites opening or blocking
tunnels to control air flow.
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LOCATION:
ARCHITECT:
AREA:
YEAR:

STUTTGART, GERMANY
ICD/ITKE

2013

The structure, made of woven fibers,
investigates the structural performance of
protective beetle shells.

According to the team of researchers and
students that studied the beetles, their shells
‘have proven to be amodel for highly efficient
construction based on the geometric

morphology of the double-layered system
and the mechanical properties of naturdl
fiber composites (glass and carbon fiber
reinforced polymers).

The shells contain a high strength-to-
weight ratio and the potential to generate
differentiated material properties through
fiber placement variation.”
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LOCATION: STOCKHOLM, SWEDEN

ARCHITECT: BELATCHEW LAB
ARCHITECTURE

AREA: -

YEAR: -

The Strawscraper is a conceptual skyscraper
covered in a hair-like shell that can harness
energy from the wind. The skyscraper is an
extension of an existing tower in Stockholm,
Sweden, which was completed in 1997 The
original architect stepped off of the project
mid-construction, leaving it 14 stories short
of its intended height.

Belatchew Labs stepped in to give new
life to the old project with a new look

and technology that intends to influence

1588 1996
HENRNEG LARSEM VINNER CET URSPRUMNGLIGA
ARKITEXTTAVUNGEN OM FORSLAGET KAPAS MED
UTEORMMINGEM AV 16 VANINGAR
SODER TORM

the future of the skyscraper. Urban wind
farming is a challenge that can often seem
impossible. Finding a location for traditional
wind turbines that doesn't take up too much
room or isn't dangerous in an urban setting

is another issue.

Strawscraper solves this problem by using
a hair covered shell that harvests the power
of the wind without the traditional turbine.
The system utilizes Piezoelectric technology,

which turns movement into electricity that

.-.-""r
t‘* B
0%
Ayl e

» [

1857 2030
SODER TORM YA UTRLARINGLLR KRV ER
STAR KLART NYAIDEER

can be stored for later use. The hair’'s tiny
movement is safe for birds and humans and

isn't noisy like traditional turbines.

The hair covering the building creates the
ilusion of mMmovement, giving the normally

static city skyline the illusion of Mmotion.
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LOCATION:
ARCHITECT:
AREA:
YEAR:

UNIVERSITY OF AZ, USA

RICHARD+BAUER
150954 SQ FT
2015

T

ENR2 is a university building which contains
offices, classrooms, auditoriums  and
gathering rooms.

Designed to emulate a slot canyon, the
building incorporates energy efficient
heating and cooling systems, rainwater
harvesting and low-flow faucets, and other
innovative architectural solutions in a desert
landscape.

A central courtyard harvests rainwater
runoff which is continually reused to irrigate
the native trees and plants that populate
the desert ecosystem within the building.
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A seawater greenhouse uses the sun, the
sea and the atmosphere to produce fresh
water and cool air. The structure enables
the growth of crops in arid regions, using
seawdater and solar energy.

LOCATION:
DESIGNER:
YEAR:

TENERIFE
LIGHT WORKS LTD
1991

First introduced by british inventor Charlie
Paton in the early 1990s, its technology is @
response to the global water crisis and peak
water.

The technigue imitates the Namibian fog
basking beetle, which collects water droplets
on its back from the moisture in the foggy
air. The greenhouse pumps seawater to an
arid location and then subjects it to the two
3, processes shown below.

Phase |: Evaporation of
surface sea water over
porous cardboard panel

A

Hot, dry, dusty breeze

., Fresh and humid breeze

The front wall of the building is a seawater
evaporator. It consists of a honeycomb
lattice which faces the prevailing wind. As
seawdater ftrickles down the lattice, the air
cools and humidifies before passing through
into the planting area.

Sunlight is filtered through a specially
constructed roof. The roof traps infrared
heat, while allowing visible light through
to promote photosynthesis. This creates

optimum growing conditions- cool and
humid with high light intensity.
Solar radiation Phase II:

Condensation of
humid hot air over
cold pipes

Fresh water
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The thesis advocates for an architecture
which adapts to its environment, by imitating
nature and abiding by the principles of
biomimicry.

Biomimicry is not currently utilized to its
maximum potential in architecture. Still today,
there are very few examples of biomimicry
being applied to building design.

However, it is evident from each of the
projects in the previous chapter that the
study of nature yields unique results and
innovations that likely would not have been
achieved without its influence.

The project intends to serve as an
opportunity to define and advance the

Fig. 1 2035 LONG-TERM
ENERGY-EFFICIENCY POTENTIAL

100% —
80% —
60% —|
40% —

20% —

role of biomimicry in the realm of energy-
responsible architecture. The project will
apply the principles of biomimicry to develop
a unigue new response to energy harvesting
inspired by processes in nature.

The project will explore energy harvesting
in the pursuit of an architecture which
contributes to and positively impacts its
environment.

In order to innovate a future standardization
of biomimicry and renewable energy-based
design, the project will focus on the future
development of biomimetic products, such
as building skins that harvest renewable
energy.

Realised energy efficiency potential

Unrealised energy efficiency potential

NOTE: These energy efficiency potentials are

SOURCE: |[EA (2012), World Energy Outlook 2012,

0% —

Industry

Transport

Power generation

OECD/IEA, Paris

The following chapter illustrates the current
systems and technologies used to harvest
wind, rainwater, and solar enerqgy.

For many decades, people have searched
for ways to store renewable energy. The
history of energy harvesting dates back
to the windmill and the waterwheel. Today,
energy harvesting is motivated by a desire
to address the issues of climate change and
global warming.

The project will address the potentials of
future energy-efficiency (Fig. D in industry,
transport, power generation, and buildings..
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Wind is a type of renewable energy that
creates electricity using the air flows that
occur naturally in the earth’'s atmosphere.

Types of Wind Power

wWind power can be divided into three
categories:

1. Utility-scale wind
2. Distributed or “small” wind
3. Offshore wind

Utility-scale wind consists of wind turbines
larger than 100 kilowatts that are developed
with electricity, delivered to the power grid,
and distributed to the end user by electric
utilities or power system operators.

Distributed wind uses turbines of 100
Kilowatts or smaller to directly power @
home, farm or small business as its primary
use.

Offshore wind farms are wind turbines
erected in bodies of water.

/

Anemometer

\0\? 4

Wind vane

Wind direction

- ""K’Nclceﬂe

GérJer X tOr High-speed shaft

Yaw motor
Tower-




Wind Turbines

Wind turbine blades capture kinetic energy
from the wind and convert it into mechanical
energy, spinning a generator that creates
electricity. This rotation turns an internal
shaft connected to a gearbox, which
increases the speed of rotation by a factor
of 100. This mechanical power can be used
for specific tasks or a generator can convert
this mechanical power into electricity.

A typical modern turbine generates usable
amounts of power over 90 percent of the
time. It will start to generate electricity when
wind speeds reach 6 -9 miles per hour and
cut off at about 45 miles an hour to prevent
equipment damage. Over the course of @
yvear, modern turbines can reach more than
40 percent of their rated maximum capacity;
better than most other forms of electric
generation such as natural gas plants.

Modern examples of biomimicry in wind
energy harvesting:

(Top Left Wind turbines with blades longer
than two football fields that curve and fold
in the wind like a palm tree’s fronds.

(Bottom LefD) Flowe by John Dabiri, professor
at Stanford University. Inexpensive and
efficient vertical-axis wind turbines inspired
by schools of fish that can outperform
traditional wind farmes.
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Harvested rainwater is the precipitation
captured and used for indoor needs,
irrigation, or both from surface catchments.
The collection of rainwater is beneficial for
potable purposesin areas lacking alternative
sources or minimum rainfall with very little
numMber of rainy days.

Rainwater Collection

Approximately 40% of water used in summer
is used outdoors, which is when most areas
face water shortages and have water
restrictions. This water shortage period is
when plants and trees require water the
most. As population grow, water shortages
occur,

In order to minimize and to reduce
the utilization of water, various water
conservation techniques can help monitor
and restrict fresh water wastage.

The more rainwater is used, the less the
need to use chlorinated or other chemically
treated tap water. The more we use
rainwater, the less that will go into storm
sewers where it is mixed with oil and other
toxic residues from streets and parking lots,
allowing for more use of settling ponds to
remove these toxins

The following steps are often followed in
rainwater harvesting from roofs:

1. Collection of rainwater

2. Separation of first rain flush

3 Filtration of rain water

4. Storage of rain water

5. Distribution of rain water

RAINWATER HARVESTING {\’“J f‘\B

() 3484 5F SLOPED COLLECTION ROOF

GUTTER AND DOWNSPOUTS ® FLOW TRANSMITTER

(C) RainwasHERS (L) orRAW DOWN TANK 5

(D) 10,000 GALRAINWATER CISTERN (1) COMPOSTING BINS SPRAY (NON-CHLORINATED)

@ FLOAT VALVE ®Wﬂ-|.l. HYDRANT (NON-CHLORINATED)

@ SUPPLEMENTAL MUNICIPAL WATER @ CHLORINATOR

(G) Foor vaLve (F) WATER HEATER

(H) BOOSTER PUMP (@) JANITOR'S SINK (CHLORINATED)

@ PARTICLE AND SEDIMENT FILTERS ® LAVATORIES [CHLORINATED)

() caRBON FILTERS (S) EXCESS LIOUID WASTE ("COMPOST TEA") | GREYWATER

TO ON-SITE WASTE TREATMENT SYSTEM




Energy Harvesting Block Diagram

Wireless Interfaces
LPRF and Zighes

E Emergy S2ovage e
Theermad EH . [L-Bohy Makbewy)
P Loparcapaditon]
Thaii Tilm Battery)
| RFMarvesting |
Energy Harmeiter
LT

LEGEND I Laght
Bl Pracasisr [T Powed
Eliniwrisse D ADLDIAL
5 RF 1 Clocha
I Amphfie I P

Harvesting Techniques

The process of rainwater collection
includes augmenting the natural infiltration
of rainwater or surface run off into the
underground formation by some artificial
methods. There are many methods for
harvesting rainwater, all of which are site-
specific. Each technigue can either be
combined or used individually depending
upon hydrogeological and agroclimatic
conditions.

The methods suggested are:

1. Water spreading

2. Recharge through pits, wells, chambers,
trenches, borewells

3 Open used wells, shafts

4. Directly diverting run off water into the
existing wells

5. Irrigation or drinking water wells

Modern example of biomimicry in hydro
energy harvesting:

(Lef) Fontus, a selffilling water bottle,
captures moisture contented in the air,
condenses it and stores it as drinking water.

A small fan draws the air from the
surrounding environment, runs it through a
filter and presses it into the condensation
chambers. A series of small coolers bring the
moisture contained in the air to condense on
special surfaces. The resultant liquid water
then drops into the bottle s main body and
is stored.
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Solar power is the conversion of energy
from sunlight into electricity, either directly
using photovoltaics (PV), or indirectly using
concentrated solar power.

Types of Solar Energy Technologies:

There are two main types of solar energy
technologies:

1. Photovoltaic (PV)

2. Concentrating solar power (CSP)

Photovoltaic (PV):

PV is utilized in panels. When the sun shines
onto a solar panel, photons from the sunlight
are absorbed by the cells in the panel, which
creates an electric field across the layers
and causes electricity to flow.

Photovoltaic materials and devices convert
sunlight into electrical energy. A single PV
device is known as a cell. An individual PV cell
is usually small, typically producing about 1 or
2 watts of power. To boost the power output
of PV cells, they are connected together in
chains to form larger units known as modules
or panels. Modules can be used individually,
or several can be connected to form arrays.
One or more arrays is then connected to
the electrical grid as part of a complete PV
system. Bbecause of this modular structure,
PV systems can be built to meet almost any
electric power need, small or large.

The largest PV systems in the country are
located in California and produce power for
utilities to distribute to their customers.

PV converter D":_:_h“
I
. >,
D
Photovoltaic
1 MPPFT
Arrays PWM
Permanent magnet inverter
OWC synchronous generator
AC voltage
PMSG - L —
= Q¥ S —
W Turbine ¥
_____}aw: Variable loads
Diode
rectifier

OWC wave energy

comwerter
M DC .a-f“l—--"v:. b1 D
s | Fo ) ump
‘“_ pC ™ *“1 ./ pC 1 load
De-DC
Battery bank -
SR buck-boost D;: ic
converter He
converter
Emergency | PC :
backup DC
DC-DC -
boost
converter




Absorber

-

High-tech nanoleaves capture the
electromagnetic energy of both
visible and invisble sunlight (mid-
infrared range)

Active surface area

”

o/ ol

High-frequency nanorectifiers,
combined with the nanoleaves, conwvert
Alternating Current to Direct Current

Grid connaction
Home connection

Plug-in hybrid-car
connection

SolarBotanic's innovative tree systems absorb solar
ing from 0.4 to 1.6 um

Focal
Point

\

A

Nanoleal technology

Strong inner core

L Easy to install and custom designed to
avoid utilities above and below ground

harvests light, heat,
rain and wind energy

SolarBotanic's designs
emulate the aesthetics
of nature

w

energy into electricity

*\__
Plezoelectric components in the twigs
and branches convert the wind's Kinetic

Concentrating Solar Power (CSP):

The second technology is concentrating
solar power, or CSP  Photovoltaic cells
convert light into an electric current using
the photovoltaic effect

Concentrated solar power systems use
lenses or mirrors and tracking systems to
focus a large area of sunlight into a small
beam where it is collected and converted
into heat. The mirrors in CSP plants focus
sunlight onto a receiver that heats a high-
temperature fluid, which is used to spin a
turbine or power an engine that drives a
generator. This thermal energy can then be
used to produce electricity.

Concentrating solar power systems are
generally used for utility-scale projects
and are not appropriate for residential use.
Smaller CSP systems can be located directly
where power is needed.

Modern examples of biomimicry in solar
energy harvesting:

(Lef) Solar Botanic’s artificial trees mimic
the architectural design of trees and shrubs,
and use knowledge about the roles trees
play in photosynthesis. Clean, carbon-free
and renewable, solar power is a resource
that can energize the future.
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BIOMIMICRY IN PRACTICE

Given the need for a standardization of
biomimicry in design and energy harvesting,
the program is an innovation and testing
facility for biomimicry, or a Bio-Inspired
Solutions Laboratory. The new typology
would be a first-of-its-kind institution,
allowing its users to produce groundbreaking
research in an emerging practice.

A study was performed of the professions
which currently utilize biomimetic research
to varying capacities. (Fig. 2) This includes
Enerqgy, Architecture, Transportation,
Agriculture, Medicine, and Communication.

The program which evolved out of this study
generally meets the reqguirements of each
profession. This would include research
greenhouses, laboratories,  classrooms,
conference and meeting spaces, a library,
and workspaces, among other program.

Fig. 2 PROFESSIONS WHICH UTILIZE BIOMIMICRY




The following program components promote an exploratory process for the creation of biomimetic prototypes, in an effort to innovate and
develop new technologies for a more sustainable built environment.

EDUCATION:

ADMINISTRATION:

SUPPORT:

OUTDOOR:

-Classrooms should provide a thriving environment for students, making it the ideal location-The laboratories
should be open and face the outdoors to indicate a seamless connection to the outdoors.
-A lecture hall will serve as a unigue space for meetings, seminars, and workshops.

-The faculty offices should be separate from but located near the educational spaces.
-The staff support areas should be adjacent to the offices, and serve as a retreat for faculty and staff.

-There shall be multiple conference rooms throughout the facility to promote an environment of collaboration
and ongoing discussion.

-The mechanical equipment used to harvest and convert energy into power should be clearly displayed so that
it may be used for educational purposes.

-The outdoor areas should allow a hands-on approach, and inspire users to draw inspiration from the
surrounding environment.

-A courtyard should be utilized as a growing area for plant species that can be studied in laboratories.
-An immersive education area should be used by faculty as an outdoor classroom and an opportunity for
observation and teaching.
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EDUCATION:

Classrooms

Research Laboratories
Research Lab Support
Conference Rooms
Exhibition Space

Lecture Hall
@ ADMINISTRATION:
Offices

Staff Support Areas

@ SUPPORT:

Lobby

Storage

Mechanical Space
Security/Camera Rooms
Lavatories

@ OUTDOOR:

Entry Courtyard

Immersive Education Area

Parking
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10,000 asf
30,000 asf
4000 asf
5000 asf
2000 asf
3000 asf

12,000 asf
4000 asf

500 asf
600 asf
800 asf
100 asf
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Determining Supply Air Needed

Three drivers determine the i
required volume of supply airina ,:.";,
laboratory: temperature, exhaust, » Y LY
and ventilation.

Temperature-driven laboratories
B Fume Hood

hold a lot of equipment to perform
chemical analysis or ovens and
heating elements to speed up
chemical processes. Without an
adequate supply of cool air, the

| lights O|

laboratory housing this equipment
will become uncomfortably warm.
Lights, laboratory personnel, and
even heat transmitted through the
building also contribute to the
cooling load of a laboratory.
Determining the necessary supply
air volume for cooling involves
summing up all of these loads.
However, loads other than the
building envelope should be
determined according to expected

| lights OI

| lights O |

usage. For example, engineers Figure 2. Supply air volume in laboratories with high heat
revise supply air volume downward  jgads, such as computers, ovens and other electrical

ifall of a laboratory’s equipment equipment, is driven by cooling requirements.

will not be used simultaneously.

Maximizing a laboratory’s functionality requires the design team, building owners and
laboratory users to determine the usage and goals of the facility. Building design, laboratory
design and laboratory equipment all can affect functionality.

Laboratory HVAC controls also have significant impact on building functionality. No single type
of system is appropriate for all laboratories. Each control system has its own usages and
limitations. An overall comparison of control strategies is listed below.

Let TSI help you evaluate the goals for your laboratory in order to develop an optimal
control strategy.
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Figure 9. Applying diversity reduces maximum airflows, shrinking capital equipment and offset-
ting the additional cost of controls.

The savings from diversity result from the assumption that not all laboratories will require full
airflow at the same time. These savings take the form of downsizing capital equipment. Much of
the cost of a buildings HVAC system is in the chillers, fans, air handlers, and other large
equipment. Sizing this equipment for expected loads instead of maximum possible loads can
cover much of the cost premium of VAV controls. Operating expenses may also decrease, because
HVAC equipment is most efficient at full-flow operation—equipment sized for expected airflows
will run at close to peak capacity instead of part-load.

Effi tiem:‘,_v Elrst Cost FIE:E;::ITM
Constant Volume YT WL ¥ iy
2-Position Ak W T e
Variahle Air Volume
Direct Pressure Ak e W kg kg
Flow Tracking p ok W WWW ph i
rasairar e il | i | ol | ok

Figure 2 1. Comparison of Room Control Types.



CHAPTER 5



P RECEUDUENT A N ALY SIS

47



LOCATION: PITTSRURGH, PA, USA The Frick Environmental Center (FEC) is the world’s first publicly accessible, free admission

ARCHITECT: BOHLIN CYWINSK| JACKSON Living Building Challenge-targeted project. The building will be a world-class center for
AREA: 15570 SQ FT environmental education. A joint venture between the City of Pittsburgh and Pittsburgh Parks
YEAR: 2016 Conservancy, the FEC will act as a gateway to the 644-acre Frick Park.

The building will be a living laboratory, designed and engineered to achieve Living Building
Challenge and LEED Platinum standards, and providing experiential learning to a projected
20,000 K-12 students and hundreds of thousands of people who visit Frick Park each year. The
Conservancy now has a home base for its growing environmental education programs, which
are offered to students in Pittsburgh’s public schools. Fully equipped classrooms, offices, and
support spaces provide the much-needed amenities for the Conservancy’s award-winning
programs, while a public ‘living room’ and gallery space welcome park visitors to stop in to
learn more about the park’s history and extensive trails, and the sustainability of the building”

The design and construction team collaborated with the City and Parks Conservancy
throughout the design process. The project continues a long history of design excellence by
engaging with and restoring many of the site’s original historic features including the John
Russell Pope-designed gatehouses, as well as the allée and fountain, which were part of the
original Innocenti and Webel 1935 Masterplan.
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LOCATION: CHOATE ROSEMARY HALL
WALLINGFORD, CT, USA
ARCHITECT: ROBERT AM. STERN

ARCHITECTS
AREA: 32000 sQ FT
COST: $88 M
YEAR: 2012

SERVICES:

ENVIRONMENTAL DESIGN CONSULTING
ENERGY ANALYSIS

BENCHMARKING: LEED

LIGHTING DESIGN

LEED PLATINUM

NET ZERO ENERGY

“The Kohler Environmental Center is the
first teaching, research and residential
environmental center in US secondary
education. by achieving net zero energy
use it reinforces the schools mission to
promote environmental understanding, land
stewardship, and social responsibility”

The Kohler Environmental Center (KEC) is a
LEED Platinum Certified / Net Zero Energy
Building

Wallingford

__Choate campus
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LOCATION: MATHIS LAB
EDGEWATER, MD, USA

ARCHITECT: EWINGCOLE

AREA: 94000 SQ FT
LOT SIZE: 2,650 ACRES
COST: $29 M

YEAR: 2014
SERVICES:

ADJUSTABLE LAB SPACE

OFFICE SPACE

FIELD PREPARATION AREA
WET/DRY SAMPLE STORAGE
ENVIRONMENTAL CONTROL ROOM

“This project includes a new laboratory
addition to the existing Mathias Lab building.
EwingCole performed a facilities assessment
of the existing Mathias Lab building, which
confirmed the need for expansion to
accommodate increased and more efficient
research activities in keeping with their
mission.

The existing building required select
renovation including the relocation or
“rezoning” of numerous labs and offices, and
the creation of storage facilities. Designers
used Laboratories for the 21st Century
(Labs21) design guidelines for project
development

The overall project design includes features
and systems to earn a minimum certification
of LEED Gold”

“The Charles McC. Mathias Laboratory hous-
es 92000 ft2 of laboratory and office space.
The building houses a field prep and storage
area, wet and dry sample storage, chemical
sample prep area, shop area and environ-
mental control rooms.

Lab spaces are open concept with comput-
er stations, adjustable lab benches, snor-
kel-style bench hoods, chemical fume hoods
and DI water system”







CHU HALL/SOLAR ENERGY RESEARCH CENTER

LOCATION: LAWRENCE BERKELEY The recently completed $59 million Solar
NATIONAL LARORATORY, Energy Research Center has opened at
BERKELEY CA, USA the US. Department of Energy’s Lawrence
ARCHITECT: SMITHGROUPJJUR Berkeley National Laboratory (Berkeley Lab).
AREA: 39000 SQ FT Chu Hall is Berkeley Lab’s latest addition to
YEAR: 2015 a collection of buildings that create a hub of

interactive and collaborative research.

The new 39000-square-foot, three-story
building is the new home for 100 researchers,
most from the Department of Energy-funded
Joint Center for Artificial Photosynthesis
(JCAP), the nation's largest research
program dedicated to the development of
an artificial solar-fuel generation technology.




Chu Hall has three architectural compo-
nents, each situated on one of the building’s
three levels.

Level 1is the subsurface “Plinth,"which takes
up more than 50 percent of the overall
square footage and designed to be an ul-
tra-low vibration space to house laborato-
ries sensitive to light and vibration.

Level 2, located on the ground level, is the
‘Breezeway.” Designed to foster interdisci-
plinary interaction, it is the location for the
main door and entrance lobby, shared office
space for principal investigators, cubicles
for Theory researchers and small and large
conference rooms.

Level 3 is the “Coronag,” a simple rectangular
form that houses wet lab spaces as well as
research to develop technology needed to
assemble nanoscale components into ac-
tive systems.

Outside, a new courtyard space serves as a
central meeting point used by Chu Hall re-
searchers as well as those from nearby labs
in the Old Town neighborhood.
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LOCATION: QUEBEC, CANADA
ARCHITECT: BUCKMINSTER FULLER
AREA: 65000 SQ FT

COST: $175 M

YEAR: 1967

SERVICES:

ENVIRONMENT MUSEUM

The only environment museum in North
America. The Biosphere is devoted to
educating visitors on major environmental
issues relating to water and @ air
quality,  sustainable  development, and
ecotechnologies.

A complex system of shades was used to
control its internal temperature. The sun-
shading system was an attempt by the
architect to reflect the same biological
processes that the human body relies on to
maintain its internal temperature.

Even more ambitious, Fuller’'s original idea
for the geodesic dome was to incorporate
‘pores” into the enclosed system, further
likening it to the sensitivity of human skin.

Sadly, the shading system failed to work
properly and was eventually disabled.

In August, 1990, Environment Canada
purchasedthesite toturnitintoaninteractive
museum showcasing and exploring the
water ecosystems of the Great Lakes-Saint
Lawrence River regions.

The museum was inaugurated in 1995 as
a water museum, and is a set of enclosed
buildings designed by Eric Gauthier, inside
the original steel skeleton.
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In selecting a client for the Bio-Inspired
Solutions Laboratory, the objective was to
connect the project to a university, in order to
allow students to undertake groundbreaking
research in the field of biomimicry.

A study was conducted in search of leading
institutions In environmental research. The
top three universities were considered
based on the requirements listed at right

An in-depth study of these schools followed
in order to select the university with the
greatest need, potential use, and available
space for the proposed research facility.

REQUIREMENTS:

1
D
3
4
5

Shared principles and values on sustainability.
Committed to conservation of the environment.
Promote interest in study of nature.

|deal location for energy harvesting.

Contain site suitable for proposed facility.



POTENTIAL CLIENTS (UNIVERSITIES):

Harvard University

Massachusetts Institute of Technology (MIT)

Stanford University

University of California-Berkeley
California Institute of Technology
Johns Hopkins University

University of California-San Francisco

Yale University

Princeton University

Scripps Research Institute
Cornell University

Duke University

Washington University in St Louis
Columbia University

Rockefeller University

University of California-San Diego
University of Chicago

University of Wisconsin-Madison
University of California-Davis
University of California-Los Angeles

The following list outlines the universities with the highest rated environmental and biological science programs. as of 2014

Boston, MA
Cambridge, MA
Stanford, CA
Berkeley, CA
Pasadena, CA
Baltimore, MD
San Francisco, CA
New Haven, CT
Princeton, NJ
La Jollg, CA
lthaca, NY
Durham, NC

St Louis, MO
New York, NY
New York, NY
La Jollg, CA
Chicago, IL
Madison, WI
Davis, CA

Los Angeles, CA

ol
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Biomedical Engineering

Chemical and Physical Biology

Earth and Planetary Sciences
Engineering Sciences

Environmental Science and Public Policy

Integrative Biology

Visual and Environmental Studies

Harvard University is a private Ivy League research university in Cambridge, Massachusetts,
established in 1636. However, the university has recently approved the Allston Campus, a
complex for the study of science and engineering. The proposed complex contains program
not dissimilar to that of the thesis project, such as laboratories and teaching environments,
with a focus on natural sciences and renewable energy products.

SEC 114 Western TOTAL
Dedicated Laboratory 203,000 0 209,000
Admin 8,400 12,200 20,600
Amenities / Retail 31,000 1,700 32,700
Atrium / Circulation 122,250 20,800 143,050
Teaching Environments 58,200 14,300 72,500
Core Layout 16,500 2,500 19,000
TOTAL 445,350 51,500 496,850

Allston Campus - Science and Engineering Complex

(Proposed 2015)
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Biological Engineering

Biology

Biomedical Engineering

Civil and Environmental Engineering

Civil and Environmental Systems

Earth, Atmospheric and Planetary Sciences
Energy Studies

Environmental Engineering Science

Toxicology and Environmental Health

Koch Biology Building (1994)
Goody Clancy & Associates

MIT campus in Cambridge, MA currently has three buildings which serve the majority of the
biological science majors.

The Koch Building, named for David H. Koch (SB & SM '62), is a leading-edge research and
teaching facility and the administrative headguarters of MIT Biology. Home to more than
30 members of the faculty, the building, which opened in 1994, was designed to provide a
dynamic forum for interaction and collaboration.

The Administrative Offices for the Department of Biology are located on the first floor of
the Koch Building. These offices support the overall needs of the Bioclogy faculty and the
educational program for the department. In addition, the offices are in charge of the
administrative, financial, human resources, and operations & safety functions of the Koch
Building.

Dreyfus Building (1970) - Dept. of Chemistry
l. M. Pei & Partners Sciences (1964)
I M. Pei & Partners



. Academic & Research

. Residential - Undergraduate
. Residential - Graduate

B 2chietics & Student Life
. Service & Administration
. Parking Garages

A

|:| Renovation

. New Construction

. Capital Renewal Strategies

. Development Concepts Under Consideration
. Academic Development Opportunity

i o e
- ~——

The long-term plan for the campus
illustrates the potential future uses of the
university’s campus. The campus is highly
concentrated with different building types,
such as the academic, residential, athletic,
and administrative program.

MIT campus location in such a highly
developed city does not seem to have
enough open space to accommodate the
proposed facility.

The proposed square footage for the
environmental research facility does not
seem suitable for any of the available sites
within @ reasonable distance from the
campus center.
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Bioengineering

Biology

Biomedical Engineering
Chemical Engineering
Chemistry

Earth System Science
Energy Resources Engineering
Environmental Engineering
Geological Sciences
Geology and Earth Science
Geophysics

Materials Engineering

Physics

Stanford University is one of the world’s leading research and teaching institutions in
biological and environmental studies. Located in Stanford, California, the university’s
sustainable efforts are ingrained in the philosophy of student education. The university’s
goals clearly align with the principles and goals of the thesis.

The university exhibits an inherent drive to preserve and study nature. This is apparent from clubs,
organizations, classes, and published research journals from students and faculty members. The
open space preserves that surround the campus act as sites for scientific field research and are
integral in classroom studies.

Institutional Goal #1: Maintain land use fexibiliry.

Biological Goal #1: Maintain and enhance natural
eommunities so thar they benefir the Covered Species.

Institutional Goal #2: Maintain and enhance biologi-
cal resources (i.e., native biodiversity) on University
lands so thar these resources can be utilized by furure
generations of students and faculey researchers.

Institurional Goal #3: Prepare a conservation pro-
gram thar incorporates sustainable land use planning
policies and pracrices.

Institutional Geal #4: Implement cost effecrive
conservation measures that efficiently invest the
University's assets.

Institutional Goal #5: Define the University’s legal
responsibilities toward biological resources so thar the
University can develop its lands and operate in an envi-
ronmentally and fiscally responsible manner during the
nexr 50 years.

Institutional Goal #6: Untilize Stanford's water re-
sources for the benefir of the University’s research, edu-
carional, and operational activities, to the full extent of
its warer rights.

Biological Goal #2: Stabilize the local California riger
salamander population and increase its chance of long-
term persistence at Stanford.

Biological Goal #3: Maintain punds to promote
California riger salamander reproduction in the
Foothills.

Biological Goal #4: Increase the local California red-
legged frog population and increase its chance of long-
term persistence at Stanford.

Biological Goal #5: Maintain or improve hydrologic
and terrestrial condirions that presently suppore steel-
head and increase the chance of long-term persistence

for the local steelhead popularion.

Biolegical Goal #6: Maintain and improve habitat for
western pond turtle to increase its chance of long-term
persistence ar Stanford.

Biological Goal #7: Maintain or improve habirar thar
could support the San Francisco garter snake and con-
tinue to contribute to the body of information about
garter snakes ar Stanford.
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18th century

19th century

Early 20th century 1940s

1950s

/0

-1769 - Earliest recorded
history

-City named after El
Palo Alto, a coastal
redwood tree

-1855 - The township of
Mayfield was formed
(now southern Palo
Alto)

-1862 - Flood, severe
damage

-1868 - “Great San
Francisco earthguake”

-1875 - Jean baptiste
Paulin Caperon
purchased over 1000
acres in Mayfield

-1882 - Leland Stanford
bought Ayshire Farm

-1891 - Jane and Leland
Stanford founded
Stanford University

-1894 - Palo Alto
incorporated in Santa
Clara County

-1902 - The Carpenter
Gothic Victorian St
Thomas Aguinas Church
is completed in Palo Alto

-1940 - Palo Alto Airport
of Santa Clara County
begins operations

-1906 - The California
earthquake on April
18th caused over 3000
fatalities and severe
damage in the San
Francisco bay area

-1910’s: - Northern EPA
becomes a military
training ground (WWD

-1911 - Flood, severe
damage

-1925 - Palo Alto voters
approved annexation of
Mayfield

-1936 - The Hanna-
Honeycomb House by
Frank Lloyd Wright is
completed

-1951 - Stanford
Industrial Park in Palo
Alto is completed

-1955 - The Christmas
Flood, severe damage.
More than 650 Palo Alto
homes were flooded,
totaling $11 million in
damage



1960s

1970s

1980s

1990s

Early 21st century

-1961 - The Frontier

Village amusement park

iNn San Jose opens

-1965 - The Grateful
Dead forms in Palo Alto

-1969 - Violent protest;
demonstrators brought
traffic to a standstill at
a Stanford Research
Institute office on Page
Mill Road, resulting in
$20,000 in damage and
93 people arrested

-1970s - University
Ave stores declare
bankruptcy

-1971 - Palo Alto Art
Center is founded,
under a previous name
Palo Alto Community
Cultural Center

-1977 - Largest display
of civil disobedience at
SU; 294 arrested

-1980 - Palo Alto Yacht
Harbor closes after
political campaign

-1983 - The San Jose
School District declares
bankruptcy

-1995 - The San Jose
Earthguakes soccer
team is established

-2003 - Tesla Motors is
founded in Palo Alto

-2011 - Steve Jobs dies
at his home in Palo Alto

/1
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1983 Foothills Park

1983 Boronda Lake

1888 Inner Quad Construction

1906 Memorial Church After Earthquake



1950s Palo Alto

Felt Lake

1955 Christmas Flood

Palo Alto

1965 Palo Alto

Birds-eye Stanford
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Palo Alto Demographic Profile (2010)

Total Population

64,403 - 100.0%

One Race

61,706 - 95.8%

Not Hispanic or Latino

60,429 - 93.8%

White alone

39,052 - 60.6%

Black or African American alone 1131 -1.8%
American Indian and Alaskan Native alone 65 - O1%
Asian alone 17404 - 270%
Native Hawaiian and Other Pacific Islander alone 135 - 02%
Some other race alone 254 - 04%
Two or more races dlone 2,388 - 3/%
Hispanic or Latino (of any race) 3974 - 62%




Palo Alto Historical Population

Census Population % (+/-)
1900 1658 -
1910 4486 170.6%
1920 5900 315%
1930 15,652 131.4%
1940 16,774 229%
1950 25475 519%
1960 50087 10520%
1970 56,040 /2%
1980 552005 -1.5%
1990 55900 12%
2000 58598 48%
2010 64,403 99%
Est 2016 67024 41%

*Information provided by the 2010 United States Census ("“Census 20107).
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The hilly landscape of Palo Alto contains
an abundance of plant and animal life. The
city is committed to properly documenting,
protecting, and managing its natural
resources.

The open prairies give way to dense thickets
of mesquite, acacia, and thorny undergrowth.
These thickets are believed to have inspired
the name Palo Alto (Tall Trees).

This assortment of habitats also supports
a variety of animal life. Coyotes, jackrabbits,
and bobcats roam the open plain. Javeling,
opossums, tortoises and many other animals
find refuge in the brush Rattlesnakes,
scorpions, and fiddler crabs can be found
in burrows under the ground. Dozens of
different kinds of birds, including raptors and
tropical species can be spotted perched on
tree branches.

Palo Alto continues to display dedication to
the management and restoration of natural
habitats and wildlife. The following pages
illustrate some of the animal and plant life
found in the city.

Coast Live Oak

California Buckeye

Madrone



Valley Oak

Big Leaf Maple

California Black Oak

Canyon Live Oak
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Farewell-to-Spring Wild Rose

Western Verbena Purple Starthistle Chaparral Pea




Blue Elderberry

Poison Hemlock

Indian Pink

Hartweg's Tauschia

Fairy Bells

Soap Plant
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Broad-Footed Mole BlOCk tailed Jackrabbit Brush Rabbit

Pocket Gopher Black-tailed Deer




Striped Skunk Long-tailed Weasel Gray Fox

Channel Catfish Red-Ear Sunfish




Cdalifornia Ground Squirrel Eastern Fox Squirrel Virginia Opossum

American beaver North American River Otter American Badger




Mountain Lion

Common Muskrat Northern Raccoon
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Palo Alto is adorned wih richly varied architecture of many styles, including Queen Anne,
Craftsman, Mission Revival, Streamline Moderne, Classical Revival, Prairie Style, Tudor Revival,
Medieval Revival, Colonial Revival, Bay Area Tradition, and Spanish Colonial Revival. University
Avenue (pictured at right) is particularly characterized by its variety of cafes, restaurants,
shops, and businesses lining either side of the street.

FULTOMN ~AISSION BREVIVAL

EMERSON ~— PARARIE







Commercial building on Ramona Street

Palo Alto High School Post Office City Hall
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Hanna-Honeycomb House

Apple Store

Stanford Shopping

e

Center

The Eco Center

Blue bottle Caf
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Similar to that of Palo Alto, the architecture of Stanford’'s campus ranges in style from Classical
Revival to modern and contemporary styles.

Stanford University attracts many tourists each year, some visiting scholars and others
potential students. Of the many attractions, Stanford's unigue architecture captures the
interest of visitors the moment they step off the tour bus. Our architecture represents many
themes, each building adhering to the styles of the time as well as the economic situation of
the times. What results is a campus that represents a mixing pot of styles, while still keeping
a theme of tan walls and red roofs that define Stanford architecture.

The most historic section of the Stanford campus is the original sandstone quadrangle with
its thick Romanesque features and Memorial Church. Distinctive in the university architecture
are the enclosed courtyard, archways, red tile roofs, thick walls, and buff sandstone from
which the buildings are constructed.

The modern architecture of buildings carried over to Hoover Tower—a tall, minimalist bell
tower with hints of Art Deco (zigzag designs and four minor towers on the corners).
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Hoover Tower

———

Cantor Arts Center

Wallenberg Hall

Stanford Memorial Church




Lokey Building

The Gates Computer Science Building

Bing Concert Hall

Stanford Sun

Al

o

lﬂT

@

Q.

ll

i

g

Shiram Center

Stanford Medical Center
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SITE SELECTION REQUIREMENTS

Stanford University was selected as the
client in light of the state of California’s
recent advancements in renewable energy
products and the university's efforts in
establishing a basis for energy responsible
design. Stanford University has adlready
beguntointroduce its students to biomimicry
through the Biomimetics and Dexterous
Manipulation Lab (BDML). The BDML is @
student-led organization dedicated to
biomimetic research as applied to robotics.

The intervention will provide a 72,000
square foot environmental research
facility for Stanford University in
cooperation with the School of Earth,
Energy, and Environmental Sciences.
The facility will provide students with
an ideal location for environmental
research and study.

CALIFORNIA, USA

STANFORD, CA

STANFORD UNIVERSITY




The following reguirements served as guidelines for the site selection:

1 Located near or within reasonable distance from campus.

D Large enough to accommodate a building and outdoor research.

K Within or directly adjacent to a biological preserve for the study and
examination of wildlife species.
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STANFORD FOOTHILLS PARK

The city bought the land for Foothills Park in 1958 and dedicated it as a park in 1965. Part of
the reason Mr. Lee (the previous owner) sold the land to the city was to have it maintained as
open space and to remain undeveloped; this property has been operated as open space ever
since. Prior to the Lee family owning the land, the earliest occupants were Native American
peoples (at least 3000 years ago).

In 1833, the governor of Alta Cdalifornia granted 4,400 acres to Domingo Peralta and Don
Maximo Martinez, one of the Martinez daughters married in to the Boronda family and the
land became known as boronda Farm, the Dougherty family leased land from the Borondas
until the Lee family purchased it

The Stanford Dish is a special area to the surrounding communities, and it serves many
purposes, including:

Academic Programs - The Dish itself is a radiotelescope that is still in use. Other research and
teaching programs also use the dish area.

Environmental Restoration - Stanford's Conservation Biology Program is directing a program
of environmental restoration in the dish area, which includes use of native grasses and other
plants.

Habitat Conservation - Portions of the dish area will be devoted to special efforts to enhance
habitat for the California tiger salamander, including the development of new breeding ponds.

Recreation - The Dish is a popular recreational area for hiking and jogging and is open to the
public from approximately sunrise to sunset throughout the year.
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The 400-acre site is located within a ten minute drive from Stanford University.
It is currently undeveloped land owned by the university, home to a 150 year old
reservoir called Felt Lake.

Felt Lake was constructed by gold miner and lumber dealer Job Johnston Felt who bought
700 acres in northern Santa Clara County to farm. It was his dream to build two water
companies, San Francisquito and Los Trancos, so he diverted thousands of gallons of water
from Los Trancos Creek and then constructed a large earthen dam to hold them.

But by the mid-1880s, facing much opposition to his plans, the elderly Felt abandoned the
water company idea. He sold the farm to Timothy Paige, who quickly sold it to Leland Stanford
Sr. in 1887 The university later added a larger dam to hold irrigation water for the growing
campus.

Local lore holds that Felt Lake was partially drained once before, back in 1907, to look for
the double-barreled shotgun of 22-year-old Stanford law graduate Chester Silent. Silent, a
member of a prominent Los Angeles family, was found dead in a boat at Felt Lake. After the
sheriff found the muddy gun and saw that it had misfired, he ruled that Silent's death was a
duck hunting accident

Butin decades since, the lake has filled with vast amounts of silt. According to campus biologist
Alan Launer, who snorkels there regularly, it has also become home to nonnative creatures
such as large-mouthed bass, bluedgill, sunfish and catfish — as well as bullfrogs, large Asian
snails and the cute red-eared turtles found in local pet stores.

Constructed in 1876, then expanded in 1929, Felt Lake had accumulated so much silt that it
was no longer able to hold the water necessary for campus irrigation. Palo Alto is currently
making an effort to restore the lake to its original size and purpose.
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SITE EVOLUTION

The Felt Lake site displays a palimpsest of
its evolving history over the past century,
including a distinct edge of 60 tall eucalyptus
trees which once marked the southern
edge of the old Stanford farm. Today, a line
of housing development crowds up to the
property line.

INnterestingly, the memories of streams
persist in the landscape, as well. The aerial
image clearly shows sinuous lines of trees
edging Matadero Creek.

The straight line running almost vertically is
a railroad track, and the lines of trees that
follow the creek stop at a major highway (El
Camino Real), an old road that has been in
that location for hundreds of years.

ACCESS

LAND-USES

Felt Lake, aerial view, 1948

WATER RESOURCES




The historical, collaged aerial
maps indicate that the ftree
lines have persisted for a long
time, even through 50 years of
intense development. The lines
of trees along the creekbed
have survived for about half a
century.

The creekis in adifferent setting
now than it had first been
Once it enters the industridl
park, the stream is completely
driven by runoff from acres of
asphalt, and no longer fed by
surrounding grassy fields.

This recent image highlights
the creek in red once it leaves
the Felt Lake site and enters
the Stanford industrial park,
eventually flowing into suburbia.

The creek is visibly broken in
two places- first when it crosses
Foothill Blvd, and then just after
when  channelized beneath
the Tibco building (the straight
segment in the middle of the
industrial park).
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SITE EVOLUTION




1876 - dam built; creation of JJ Felt Water Co.
1887 - 700 acre land sold to L. Stanford
1929 - Felt Lake expanded, water tower added

-Felt Reservoir currently holds 278000000
gallons of water.

-Used to irrigate athletic fields and golf course.

-60" tall eucalyptus trees mark the southern
edge of old Stanford farm
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An interview was conducted on Fri, Sep 15, 2017 with Alan Eugene Launer <aelauner@stanfordedu> in regard to the Felt Lake site. As a result
of the interview, the native species around Felt Lake were discovered, as well as the existing conditions of the site, and the past condition of
the site prior to the man-made reservoir, which would have been seasonal wetlands.

1. What types of native species are thriving in and around the reservoir? Are any in particular suffering?

Water fowl are often found in abundance at Felt (Audubon does a Christmas count there). Osprey were formerly common there, but a couple
years ago a pair of bald eagles moved in, and the ospreys seem to have departed. There are few native fishes in Felt - which is not surprising
since the reservoir is only marginally connected to a natural creek system. Western toads are often found in exceptionally high abundances
at Felt, and Sierran treefrogs also reproduce there. There are no California red-legged frogs or California tiger salamanders at Felt..too warm
and exposed for these protected species (but we have them elsewhere on Stanford lands). There are some western pond turtles living in
Felt. The surrounding grasslands and oak woodlands are full of the usual California grassland species..deer, coyotes, bobcats, mountain lions,
ground squirrels, voles, mice, jack rabbits, gopher snakes, western racers, fence lizards, tarantulas..and many raptors (red-tailed hawks and
golden eagles frequently forage near Felb).

2. Does the dam cause any ecological challenges? Or prevent any challenges (such as flooding)?

Well, since Felt is not an in-channel reservoir/dam, the difficulties/challenges associated with many reservoirs/dams are minimized. It is an
off-channel reservoir and its presence is not in any way impacting an active creek channel. A reservoir in the middle of what was originally a
dry grassland obviously does change some things (by providing a year-round water source for one), but these changes are fairly localized.
As for flooding..that is a Tom (Tom W Zigterman <twz@stanfordedu>) question, but as far as | know, the reservoir does not have a significant
impact on flooding (+ or -).

3. Are there/have there ever been plans to remove the dam? (I have looked into Searsville Dam as a precedent).

Felt and Searsville reservoirs are very different. Searsville dam spans a creek, Corte Madera. Felt dam spans what was basically a dry canyon
(which did have some seasonal run-off, but no prolonged flow). Water enters Searsville Reservoir directly from several creeks and flows over
its dam and into the creek system downstream. Water is conveyed to Felt Reservoir via a flume from a somewhat distant point of diversion,
and no water flows over the dam (there is an overflow channel..but given the inflow is managed, the overflow/outflow is minimal). There is
no creek downstream of Felt Reservoir. Currently Felt Reservoir is a very important water storage facility. | dont know of any proposal to
remove the Felt dam.



4. Does a fish ladder currently exist or are there plans in effect?

Since Felt is an off-channel reservoir, with no upstream and downstream creeks directly connecting to it there is no reason to put a fish ladder
at the Felt dam - there is no downstream connection with a creek. There is a fish ladder at the Los Trancos Creek diversion, but that keeps
fishes in the creek and out of the flume (which does lead to Felb).

5. What is keeping Felt Reservoir from being a potable water source?

This is a question for Tom..but from what | can tell, the water in Felt is generally of good quality..add some treatment/filtering and it probably
would be potable. But | don't know how practical or economically feasible it would be to install the required infrastructure. I've certainly waded
and snorkeled in Felt many times.

6. Was Felt Reservoir completely man-made, or did a lake exist in its place beforehand?

As far as | know there was no standing body of water located where Felt Reservoir is located prior to construction of the reservoir. The aread
would have had some seasonal “creeks” running through the rolling grasslands and the valley bottoms would had some wetland vegetation
(the kind typical of seasonal California wetlands..canyon bottoms, not classic vernal pools), but the area where Felt is located was/is fairly dry.
The current reservoir is the second version. A smaller reservoir existed at the site from 1876 to 1929 - at which time the current expanded
reservoir was built.
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18.28.010 Purposes

Open Space District [OS] The purpose and
intent of this district is to:

() protect the public health, safety, and
welfare;

(2) protect and preserve open space land
as a limited and valuable resource;

(3) permit the reasonable use of open
space land, while at the same time
preserving and protecting its inherent
open space characteristics to assure its
continued availability for the following: as
agricultural land, scenic land, recreation
land, conservation or natural resource land;
for the containment of urban sprawl and the
structuring of urban development, and for
the retention of land in its natural or near-
natural state, and to protectlife and property
in the community from the hazards of fire,
flood, and seismic activity; and

(4) coordinate with and carry out federal,
state, regional, county, and city open space
plans.

Open Space/Controlled Development

Land having all the characteristics of open
space but upon which some development
may be allowed. Open space amenities
must be retained in these areas. Residential
densities range from O1 to 1 dwelling unit per
acre but may rise to a maximum of 2 units
per acre where second units are allowed,
and population densities range from 1 to 4
persons per acre.

Major Institution/University Lands/
Academic Reserve and Open Space:
Academic lands having all the characteristics
of open space but upon which some
academic development may be allowed
provided that open space amenities are
retained. These lands are important for their
gesthetic and ecological value as well as
their potential for new academic uses.

Figure Intro.1: Governmental Jurisdiction on Stanford Land



(a) Development Standards

The development standards for the special purpose districts are specified in Table 2, provided

that more restrictive regulations may be recommended by the Architectural Review Board,

pursuant to Section 18.76.020 of the Palo Alto Municipal Code.

TABLE 2

SpreciAL PurPoSE DISTRICT SiTE DEVELOPMENT STANDARDS

Subject to
PF os AC Regulations
in Chapter:
Minimum Site Specifications
Site Area (acres) 10 5
Site Width (ft) 250
Site Depth (ft) 250
Setback lines imposed by a special
Minimum Setbacks (ft) sethack map pursuant to Chapter
20.08 of this code shall apply
Front Setback - 30 30
Rear Setback -@ 30 30
Interior Side Setback -@ 30 15 20.08
Street Side Setback Nl 30 24
Maximum Floor Area Ratio L
Site Coverage and Impervious Coverage
Maximum Site Coverage 30% 10%
ﬁddiﬁn?'ial Site Area permitted covered by 10%
impervious ground surfaces
Maximum Impervious Coverage 3.5% 18.28.070())
Height Restrictions
Maximum Height (ft) 50 25 35
L }'g’f‘“ B 35 18.28.060(a)
Maximum Number of Stories 2
Daylight Plane for site lines abutting a
residential district
Initial height (ft) 10
Slope 1:2
Residential Density 1 unit/acre

Zone O-S: Open Space

Permitted Uses:

-Campgrounds, crops, grazing of animals,
resource management

Minimum Required Area:
-No minimum required area

Maximum Height Limit;
-35 feet or two stories

Minimum Required Parking:
-See applicable use--Part 11, Chapter 2252

Building Setback:
-Certain use setbacks apply

Maximum Lot Coverage:
-No applicable
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L AND-USE DESIGNATION

East
Palo Alto

Crescent

LINCOLN AVE

Community

Center o oz
w\“’s&w@ N
Leland Q@l k
< S Manor & West 8
éé; Carland Bayshore
Ag(?iatli?)n Midtown

De ﬁza

Midtown Q@ﬁ“
West @‘\V&

0ld South ©
”’/00( Los Arboles
%, L §

Palo Alto
Charlestof
Terrace

Stanford
University

Mountain
View

Los Altos

% Commercial Districts

ﬂ Commercial Centers
1. University Avenue/Downtown
2. University Avenue/multi-modal transit station
3. Stanford Shopping Center 7. Alma Plaza
4. California Avenue 8. Charleston Center
5. Town & Country Village 9. Edgewood Plaza
6. South El Camino Real 10. Midtown
0 1 2

Scale (Miles)

m Mixed Use Areas

1. South of Forest Area (SOFA)
2. Cal-Ventura

|:| Employment Districts

ﬁ Employment Centers

1. Stanford Research Park

2. Stanford Medical Center

3. East Bayshore

4. San Antonio Road/Bayshore Corridor

[0 Park/Open Space

O Caltrain Stations

—— Railroads

== Highways

L3 city Boundary
Sphere of Influence

Stanford
University

Los Altos Hills

0 0.25 0.5 Miles

Comprehensive Plan Land Use Designations

Residential

Single Family Res
- Multi-Family Res
- Multi-Family Res (w/Hotel Overlay)
- MIUL/Campus Multiple Family
- Mixed Use

V/A MIUL/Campus Single Family
Commercial

- Hotel Commercial
I senice Commercial

- Neighborhood Commercial

Regional/Community Commercial

Business/Industrial

- Light Industrial
- Research/Office Park
Other

Bl soraicer

B soraicap

- School District Land

- Major Institution/Special Facility
MIUL/Campus Educational Facility

- Streamside Open Space

- Public Park

Open Space/Controlled Development

O cCaltrain Stations

Railroads

[ uiben senvice Avea
—

-
j City Boundary

| F—

Sphere of Influence

- MIUL/Academic Reserve and Open Space

- Public Conservation Land



TABLE 8-1

PALO ALTO ZONING DISTRICTS ALLOWED IN COMPREHENSIVE PLAN LAND USE DESIGNATIONS

Open Space

Comprehensive Plan Land Use Designations

Residential

Single-Family Residential

R-1

R-1 (7,000)
R-1 (8,000)

R-1 (10,000)

>

R-1 (20,000)

R-2

RM-15

RM-30

RM-40
CN

ZONING DISTRICTS

CC, CC(2)

(o

CD-C

CD-S

CD-N

MOR

ROLM/ROLM €

RP

GM

PF

os
AC

Land Use Distribution

PTOD Cal Ave

PTOD Univ Ave

HD
PC

Multiple-Family Residential (w/Hotel Overlay)

Multiple-Family Residential
MIUL/Campus Multiple Family

Mixed Use

MIUL/Campus Single Family
Commercial
Hotel Commercial

Service Commercial

Neighborhood Commercial
Regional/Community Commercial
Business/Industrial

Light Industrial

Research/Office Park
Other
SOFA | CAP

SOFA Il CAP

School District Land

Major Institution/

Special Facility

MIUL/Campus Educational Facility
Streamside Open Space

Public Park

Open Space/Controlled Development
MIUL/Academic Reserve and Open Space
Public Conservation Land

Park/Open Space

Source: City of Palo Alto Zoning Code, 2014.

v
23.3%

7.4%
\\ Business & Industrial Land Uses

Single Family Residential

Multi-Family Residential

Commercial Land Uses

Mixed Use 0.2%

“\_ Public & Institutional Land Uses
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CONSERVATION ZONING

Figure BIO.3: Conservation Easements and No-Build Areas
2 | N

Figure BIO.4: Habitat Conservation Plan Zones

778 c

Habitat Conservation Plan Zones
) —
%27 Conditional Conssrvation Easement I zone 1 Zone3 | | Outside the Habitat
I 50 Year No-build Reserve s o . zone2 [ Zoned == Academic Growth Boundary " .
- i [T
Academic Growth Boundary P A —l
November 5, 2016

November 5, 2016
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ENVIRONMENTAL IMPACT STATEMENT
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CHAPTER 10



ENVIRONMENTAL CONSIDERATIONS

123



124

CLIMATE STUDY
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-Average annual ground temperature is approx. 59 degrees
Fahrenheit
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PSYCHROMETRIC CHART
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WINTER: 30 degrees
SPRING/FALL: 53 degrees
SUMMER: 76 degrees

12:00 PM

3D SOLAR STUDY (SUMMER/WINTER SOLSTICES)
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WIND STUDY
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-The wind wheel indicates the annudl
relative humidity is 20-70%

-The average temperature of the wind
remains at 32-68 degrees Fahrenheit
-Primnarily North West winds and South
East winds

-The wind velocity range indicates that
wind speeds are highest in the spring
and summer months (particularly April
and June) at nearly 20 mph

-Wind speeds are at their lowest in the
fall and winter months (particularly
January and October) at 11 mph

-Annual wind speed average at 15 mph



PRIMARY WEST/NORTHWEST WINDS

3D WIND STUDY

129



130

126°

42°

California - 90 m Offshore Wind Speed
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- Average annual wind speed is 80 mph
(south east, 50-55)
- Areas with annual average wind speeds

around 65 meters per second and greater

at 80-m height are suitable




Offshore wind resource by state and wind speed interval within 50 nm of shore.

Wina Speed at 90 m (mis)

f0-1h i.5-8.0 a0-85 85-910 90-95% 95-10.0 =10.0 Total =7.0
Area km® | Area km® | Area km® | Areakm® | Area km® | Area km® | Area km® | Area km®
State (M) (A () (W) ] (M) (M) (W)
California 11,439 24 864 23.059 22,852 13,185 15,231 6,926 117 555
(57,105)| (124,318)| (115296)) (114.258) (65,824) (76,153) (34,620)) (587.773)
Offshore wind resource area by state with potential by wind speed interval, water depth, distance from shore
Distance from Shareline
0-3nm' 3-12nm 12 - 50 nm
Wind Depth Category (m) Depth Category (m) Depth Category (m)
Speed 0 - 30 a0 - ol ] - 30 30 - a0 = il - 30 30 - ol = il Total
at9om | Area (km®) | Area (km®) | Area (km”) | Area (km*) | Area (km*) | Area (km®) | Area (km®) | Area (km®) | Area (km®) | Area (km)
slate mis [TV} (VY Y, [navy) (VY Ly (AIVY) [ V) (V) vy
Calfomia 7075 75620 K1) oLy 4 1000 558 T5540 77 iR EEW A 114350
(1.331) (1,181 (1.287) (504) (2,284) (22.770) (38) (115) (27.664) {57.195)
7580 2381 26569 189.6 788 4957 38546 0.0 328 19,6161 248637
{1, 1946) {1,283) {94a) (394) {2.978) (19 273) {a) {163 {98 060} (124.318)
8.0-3.5 125.2 1782 281.8 71 1058 4 53591 0.0 0.0 17,8222 230583
(626) (891) {1,409} {386) {3249) (22 695} {a) Q) (89, 111) {113,298)
a.2-49.0 432 141.7 1/0.4 u.b 2.0 4 hod g 0.0 ] 17,8920 228010
(218) (708 (582} (3] (180) (22 793} {a) o {89 460) {114, 258)
0.0-05 21 ER 140 0.0 ] ooe.0 0.0 00 12.160.2 13,104 0]
{1a {94) (74} () {4} (4. 940} {a) ) (60 801) (63.924)
9.5-10.0 W] .l 1349 u.u o b5 1 0.0 0.0 14,054 8 15,2307
{0 {30) ) (0 (o (3,260) {0 ) (72,774} (76, 153)
=100 W] (V] 0.1 u.u .0 2o 0.0 0.0 bb3io 6,925.5
{a) (8] (1) () {a) (1.444) {a) ) {33 188) (34.629)
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Average Annual Precipitation

California

CA AVERAGE PRECIPITATION (in) 5-10

- Average annual precipitation is 10-15
20-30 inches

Copyright 2000 by Spatial Climate Analysis Service.
Oregon State University

Tegend (in inches)

[ Under5 [ 30tad0
@ Stol0 [ 40tabl
O 10015 M 60te8l
15020 M 800120
M 20w03 M Above120

For information on the PRISM.

‘modeling system, visit the
QO_BO SCAS web st ot

hitpfam.ocs orst edprist

The latest PRISM digital data
sets created by the SCAS can

be obtained from the Climate
30-40 i
‘hitp: e clitatesource o3 m

This s 2 map of annual precipitation averaged aver
the period 1961-1990. Station observations were
collected from the NOAA

. state and
— e tks. The PRI =
o rided 3
map was mate. ‘The size of each grid pivel &
approximately 4

Support was provided by
=g

o Jn,
- the NRCS Water and Climate Cel

CA DROUGHT REGIONS (2014)

-The state recently experienced
record-breaking drought levels
-41% of the state faced “exceptional Average
drought”

Moderate

Severe

- Extreme

- Exceptiondl
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PALO ALTO: 22 IN.
US. AVERAGE: 39 IN.

CURRENT RESERVOIR
STORAGE CAPACITY: 104956 ACRE FEET

3D ANNUAL RAINFALL STUDY
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CONCEPTUALIZATION
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SITE INTERVENTION

The site intervention intends to restore the

landscape to its prior riparian state, before

the introduction of the man-made reservoir

that is known today as Felt Lake. The area

would have had some seasonal “creeks” EXISTING AGRICULTURAL USE
fUnning through the rolling grasslands and — eeeeseeeeeciiieiiiiiiiiiiitittit it
the valley bottoms would had some wetland

vegetation

The goals of the site intervention include:
PROPOSED WETLANDS

- Integration with the man-made reservoir
and earthen dam

- Introduction of wetlands to restore the site

to its riparian state /{;;//"/

Q .\/\\ Lt 7

~

EXISTING DAM

-Restoration  of habitats through the
introduction of a fish ladder and lowering of
the existing dam -~

CURRENT RESERVOIR
STORAGE CAPACITY: 104956 ACRE FEET
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The goals of the architectural intervention
include:

- Achieve maximum energy-efficiency
through the use of renewable energy
harvesting tools, ie. solar, hydro, and wind
energy

- Facilitate the production of biomimetic
design and research

- Allow the building itself to be used as a
teaching tool

- incorporate natural materials, natural
light vegetation, nature views and other
experiences of the natural world to achieve
a biomimetic / biophilic design




FELT Biomimicry Research + Innovation Center //

Biomimicry Incubator

Program Area (sq ft) Number |Total Area (sq ft) Height requirements Required Description
) 400 1 1,000 public meeting space fo_r users and V\sitors_; large light installation on the ceiling and a green _wa\l; circulglion paths clearly visible;
Lobby/Atrium ' entrance lobby is an active living space which encourages collaboration through shared multilevel meeting spaces
Education |Classroom (Type I) 750 10 7,500 traditional classroom
Classroom (Type Il) 950 10 9500 shop-style classroom
Lecture Hall 2,000 1 2000 public/student seminars about nature environment biomimicry
Located between admin and education spaces. small, sound-proof areas for telephone calls, two -man conferences or personnel

Micro Meeting Space 100 6 600 meetings
Computer Lab 12000 1 12,000 design/research desks; connection to the outdoors. Visible from the entry courtyard.

EDUCATION Research Laboratory 10000 1 10,000 Haas OM-2A CNC machine, Laser Cutter, Universal Robot traditional laboratory; located near growing areas / wildlife
library storage
Library 2000 2 4,000 desks, bookshelves, main desk, Biology, energy, technology, and design textbooks for research and study.
Meeting Rooms 600 4 2,400 Promote an environment of collaboration and ongoing discussion.
Think Tanks 0

Innovation | Workshops 0 expandable by flexible partitions. All the furniture and the stands are on wheels and support agile working.
Innovation Studio 8000 1 8,000 In close proximity to the research laboratory and production rooms; flexible and agile working environment
Production Room 12000 1 12,000 3D printers, prototype build stations. In close proximity to the research laboratories and exhibition space.
Exhibition Hall 2,000 1 2000 To inspire the users to draw inspiration from the surrounding environment.
Office 350 20 7,000 The faculty offices should be separate from but located near the educational space.
ADMINISTRATION Staff Lounge 800 4 3,200 Adjacent to the offices; retreat for faculty and staff.

Staff Lavatories 0 *Calculate
Greenhouse closed loop system for rainwater storage; educational tool for students
Visitor Center 1000 1 1000 Biodiversity in Bay Area

ECOLOGY Lecture Hall 2,000 1 2000 public seminars about nature environment biomimicry
Biodiversity/Biomimicry Museum | 1000 1 1000 Exhibits of biomimicry examples in the arts and sciences
Immersive Education Area 1000 1 1000 adjacent to the museum; show films (3d) - science museum
Nature Observatory 300 1 300 viewing deck/tower
Service Core 0 core that receives all serv@ng and technical features of the building such as the emergency stairwell, the elevator, the technical

infrastructure and the sanitary system.

Cafe 0 closed loop system; for institute and visitors
Kitchen 0

SUPPORT Storage 85 10 850
Mechanical Space 2000 1 2000 The mechanical equipment to be clearly displayed in some way that it may be used for educational purposes.
Security/Camera Room 100 1 100
Lavatories 200 20 4000 *Verify* number of M/F toilets
Courtyard 400 1 400 growing area for plant species that can be studied in laboratories.

OUTDOOR Nature Trail 0 0
Ampitheater Seating 0 0 Outdoor classroom; opportunity for observation and teaching.
Parking 162 80 12960 *Verify* number of spots

Total Net Area (sf) [ 93450
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SCHEME #1: THE HILL

s Situated atop the highest hill
' overlooking the dam and the
reservoir

—— L

Section 2: Facing North

Section 3. Facing East
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SCHEME #2: THE DAM

Spanning the length of the
existing dam

3D MASSING

Section 2: Facing North

Section 3. Facing East
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SCHEME #3: THE LAKE

e DrOken down by shared
' program and spread out
around the lake

3D MASSING

Section 1: Facing North

Section 2: Facing North

Section 3. Facing East
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D E S I G N D EVELOPMENT
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HYDBRID SCHEME

As a result of the three studies in the
conceptudlization phase, the design that
resulted was a hybrid between schemes
1 and 2, the hill and the dam. The refined
architectural goals were to integrate with
the dam, to provide program on either side
of the dam, and to dllow the passage of
water beneath a bridge structure.

Each of these factors was considered dall
while integrating with the site topography
and considering the enviromnmental needs
for renewable energy harvesting.

The following design development phase
included a study of the arrangement of
spaces in order to create a building that can
be used as a teaching tool for the emerging
practice of biomimicry.
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INITIAL SECTIONS
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INITIAL LAYOUTS
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INITIAL RENDERINGS
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INITIAL RENDERINGS
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Program Count Total Area (sq ft)
Classrooms 8 3,000
Education Conference Rooms 3 1,500
Lecture Hall 1 3,000
7,500
Laboratory 2 12,000
Library 1 1,700
Research Computer Lab 1 450
Greenhouse 1 7,000
Observatory 1 1,400
22,550
Innovation Studio 1 4,700
Production Workshop 1 420
Robotics Lab 1 400
3D Lab 1 400
5,920
Exhibition Hall 1 5000
Exhibition Cafe 1 1500
Kitchen 1 500
7000
Administration Administrative Offices 14 2,100
Staff Amenities 1 2,500
4,600
Lobby 1 1400
Student Lounge 1 1700
Support Mechanical 1 1700
Security 1 150
Lavatories 34 1440
6390
53,960

The building square footage was adjusted to
better fit the needs of the site, the building’s
energy efficiency goals, as well as the
requirements for each of the programmatic
elements.
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Thefinaldesignis aresultof acomprehensive
study of building organization, orientation,
and sustainablility. The program is separated
into three distinct zones: exhibition,education,
and research, and is arranged in such a way
that the building can be used as a teaching
tool for students and visitors alike.

The 200-foot bridge spans across the
existing earthen dam, acting as a threshold
above the existing reservoir and the
proposed riparian wetlands.

The building not only responds to but also
integrates with its environment, restores
the site to its riparian state, utilizes
renewable energy resources, and facilitates
research and the production of biomimetic
prototypes. for an emerging practice and
standardization of biomimicry.
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Level 04

Library
Computer Lab
Greenhouse
Observatory

Level 03

850 Sk
450 Sk
7000 Sk
1400 Sk

Exhibition

Library
Innovation Studio
Workshop
Robotics Lab

3D Lab

Level 02

2000 SF
850 Sk
4700 Sk
420 Sk
400 Sk
400 Sk

Lobby
Exhibition
Lecture Hall
Office
Laboratory

Level O1

1400 SF
2000 SF
3000 Sk
2100 Sk
6000 Sk

Exhibition
Cafe
Laboratory
Mechanical

1000 SF
1500 SE
6000 Sk
1700 Sk

Circulation Diagram




Sections

RESEARCI GREENHDUSE

WORKSPACE |

LABORATORY

LABORATORY MECHANICAL

Program Exhkﬂﬂon/Lecture T Rawéq,rﬁg

Section 2: Conference/Classrooms

Conference/
Classrooms

- Research/
Workspaces Section 3: Exhibition/Lecture
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EXTERIOR RENDERING
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At the entrance level, the lobby contains a reception areag, seating, connection to the bridge, and a
living machine, all of which overlooks the double-heighted research laboratories. At the upper levels,
users can access the research greenhouse, workspaces, and the observatory.
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Laboratories devoted to the development of The outdoor areas facilitate field research of
biomimetic research allow the findings to be biological habitats and riparian areas, such as the
applied in the design phase. wetlands.
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The Research Greenhouse is equipped with the Iatest technology in a climate controlled growth
environnment Visitors are provided an elevated observation space to view the greenhouse activity
without disrupting the controlled experimentation below.
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Classrooms and conference spaces along the The Exhibition Hall publicly displays the biomimetic
bridge contain expansive views of Felt Lake and prototypes that are produced within the Bio-
promote collaboration and flexible layouts. Inspired Solutions Lab.
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The Lecture Hall, which seats 250 visitors, is hung A large, flexible workspace facilitates the
from the structure to allow for a direct, expansive production of biomimetic prototypes in a studio-
view of the wetlands. like environment.
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SUSTAINABLE STRATEGIES

Section Through Conference/Classrooms:

() habitat restoration

@ fish ladder

© constructed wetlands

@ natural ventilation

@ evapordative cooling

© fully daylit interiors

© photovoltaics

(& deep overhangs for shading

N N Bio-Inspiration:
N The design of the bridge’s structure was inspired by the
anatomical composition of a butterfly’s wing.




Bio-Inspiration:

The design of of the vertical stacks was
inspired by termite mounds in Africa
which drive natural ventilation through
convection.

Section Through Research/Workspaces:

@ natural ventilation

© evaporative cooling

© louvered vent

@ wind harvesting

© stack ventilation

@ fully daylit interiors

(7] photovoltaics

@ shading device

@ rainwater harvesting

@ on-site cistern for water storage
@ pond source geothermal wells
@ thermal mass flooring o

EETE
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ENERGY HARVESTING

The building capitalizes on all aspects of its
site by “harvesting” natural resources from
the earth.

Wind Collection:

The strong western winds allow natural
ventilation and evaporative cooling to cool
off and ventilate each space. The bridge is
slightly skewed in plan to also allow for such
ventilation.

Four 8 ft x 8 ft chimney stacks provide @
temperature differential to help push hot air
out of the building interior and keep fresh air
flowing throughout the building at all times.

Within the four stacks are four biomimetic
vertical wind turbines, which capture the
wind energy that results from the pressure
differential.

—

S s A

| B

Hydro Collection:

Rainwater is collected through the roof
gutter system as well as on the u-shaped
roofs of the chimney stacks. The water is
then stored in on-site cisterns as well as
in storage tanks within the basement level
mechanical room.

Thermal energy is harvested from pond
source geothermal wells that are located
within Felt Lake and connected to the

mechanical space in the basement level.

Evaporative cooling from Felt Lake lifts the
air from the body of water in order to cool
the building's interior.

Solar Collection:

The building captures solar energy through
the use of 1200 (77 in. x 39 in.) photovoltaic
panels on its roof. for a solar collection value
of Energy = A *r *H * PR = 523102 kWwh/an

A = Total solar panel Area (m?) = 2,3249 m?
r = Solar panel vield (%) = 15%

H = Annual solar radiation = 2000 kwWh/m?
PR = Performance ratio = Q.75

The solar panels are operable so that
they can be oriented to the proper angles
and achieve maximum solar gain. During
the summer solstice, the panels should
be adjusted to 76 degrees and during the
winter solstice, 30 degrees.



SITE MODEL

s Rege@rch/\/\/orkgp@ceg

Conference/Classrooms Exhibition/Lecture

Constructed
Wetlands
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“I firmly believe that biomimicry is going to be one of the most
Important sources of solutions that will allow us to move from the
iNndustrial age to the ecological age of humankind”

-Michael Pawlyn, 2013






B

B L

O GRAPMHY

183



thesis
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https;/mediamnn.com/assets/images/2016/10/burrs-velcrojpg1000x0_g80_crop-smartjpg
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energy harvesting
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precedents

http:/bcjcom/images/uploads/regular_case_study._slides/_slideshow/FEC5png
https:/archpapercom/wp-content/uploads/2016/08/Frick_NL_2016_664.001_LRjpg
http:/bcjcom/images/uploads/regular_case_study_slides/_slideshow/FECIOpng
http:/landtechconsultcom/wp-content/uploads/2013/10/landtech-kohler1_stern-optjpg
http:/data2finalsitecom/cf73/choate/data/media/fullsize/342jpg?v=073114140631
http:/designawards.architects.org/wp-content/uploads/2017/02/11-Kohler-Environmental-Centerjpg
https:/rgsenergy.com/wp-content/blogsdir/1/files/com-choate-rosemary-hall/choate-5jpg
http:/www.ewingcole.com/wp-content/uploads/2013/06/SERCI15jpg

http:/www.ewingcole.com/wp-content/uploads/2013/06/SERCO4 jpg
https://serc.si.edu/sites/default/files/styles/slideshow-wide/public/pictures/Opportunities/organ_facility_with_chambers.
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contextual information
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biomimicry

http:/asknatureorg/
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http:/slimoco.ning.com/

Algorithms In Nature & Architecture (Biomimetic Architecture), by Shiva khoshtinat, January 2015,

Biomimetics: forecasting the future of science, engineering, and medicine, by Jangsun Hwang, Yoon Jeong, Jeong Min Park, Kwan Hong Lee,
Jong Wook Hong, and Jonghoon Choi, September 2015,

Biomimicry, Janine M. benyus.

Biomimicry: A Source for Architectural Innovation in Existing Buildings, by Thomas Button, April 2016.

Biomimicry in Architecture, by Michael Pawlyn.

Nature, Mother of Invention: the Engineering of a Plant Life, by Felix R. Paturi.

On Growth and Form, by DArcy Thompson.

Origins and Form: the Shape of Natural and Man-Made Things, Why They Came to be the Way They Are and How they Change, by
Christopher Williams.

Structure, Space, and Skin, by Nicholas Grimshaw & Partners.

laboratory design

Building Type Basics for Research Laboratories, 2nd Edition by Daniel Watch. New York: John Wiley & Sons, Inc, 2008. ISBN# 978-0470163337.
CRC Handbook of Laboratory Safety, 5th ed. by A. Keith Furr. CRC Press, 2000.

Design and Planning of Research and Clinical Laboratory Facilities by Leonard Mayer. New York, NY: John Wiley & Sons, Inc, 1995,

Design for Research: Principals of Laboratory Architecture by Susan Braybrooke. New York, NY: John Wiley & Sons, Inc, 1993,

Guidelines for Laboratory Design: Health and Safety Considerations, 4th Editionby Louis J. DiBerardinis, et al. New York, NY: John Wiley & Sons,
Inc, 2013.

Guidelines for Planning and Design of Biomedical Research Laboratory Facilities by The American Institute of Architects, Center for Advanced
Technology Facilities Design. Washington, DC: The American Institute of Architects, 1999.

Handbook of Facilities Planning, Vol. 1. Laboratory Facilities by T. Ruys. New York, NY: Van Nostrand Reinhold, 1990.

Laboratories, A Briefing and Design Guide by Walter Hain. London, UK: E & FN Spon, 1995.

Laboratory by Earl Walls Associates, May 2000.

Laboratory Design, Construction, and Renovation: Participants, Process, and Product by National Research Council, Committee on Design,
Construction, and Renovation of Laboratory Facilities. Washington, DC: National Academy Press, 2000.

Planning Academic Research Facilities: A Guidebook by National Science Foundation. Washington, DC: National Science Foundation, 1992.

Research and Development in Industry: 1995-96 by National Science Foundation, Division of Science Resources Studies. Arlington, VA: National
Science Foundation, 1998

Science and Engineering Research Facilities at Colleges and Universities by National Science Foundation, Division of Science Resources Studies.
Arlington, VA, 1998

187



-
[

-
|

<

NG
A
A

AL
&
e
=}
(NCh
.i":l' "" ]
L X
R

e
[
X
1)
|
T
w9
-
L
N
'_ir"'\.

"

S
A
_—

=¥

7703
V.4
X

P g

N
o
L eSS
i Yo s o
". :;-_]'-_. :“ ,-""' A t
%
o

-
.
P
i'-"t
»
| %
L%

et

-q!:
¥l

|. “i"ﬁ ;

" :::-. -Ftl:li- e
AN

]
fat
-
AN
h.....,‘
9
>

4 LA
.__‘_" : -‘.i-f-.-j!:ﬂ'-"‘

5 v e e, S
5 g e e T o
i . P 'h"ﬂ'"!"-‘?“""-*'*?'. P :Fl.: P T X T A
. - o g My -.‘__-.- -ul — L1 ._:: ; '1;!-_.__' e h L
S W'ﬁ‘ﬁ 7R PR N A PRSI ~

| & N s S e
=S TN W Wls T res S T s

P W T . oo e
A W e A Y, e i e, P Sl N, R
I T A R IS 7SN
R ctoA L VRt A SN B WS S L e
b Rl W NN e i S e g [ R A g
| f‘*ﬂ{hﬁﬂﬂl,p“@\ ST SN W S
¥ ‘.:-’#ﬁ“&iﬂi}"ﬂ N A I ORI i
L kT & ! P AN AN SR L e e e Y 3
PR NN WA 7 N AR e DI g

S R e s
B Sy S T U i AN s
NREAEEA UL, W NS L

R

2 N%‘ﬁ*‘*f?-‘ﬂﬁﬁ,?f%jnhﬁ-=" T VS O
% ~ ISP "ﬂmiﬁu:'ﬁ:— SNWis :aéa'-’i}-' e %*r" T g b
: ‘A ‘;'!3.?,1!'.: NN S SN e A ﬁgf*i:i s T he. E""ﬂiﬁ L7 v
UL A PR T NSRTA 7 A S AN R T AT a
RO 3‘_*;’?,“%&:;;! NCTEKA .}.ﬁ; ﬁx >
SRR TR TN A SRR | LS e e o T ) U
AU YA LGS S BREAE A SSORETS AN, Pl L



189



BPIOHARVESTING

AN INVESTIGATION OF THE INTERFACES OF HYDRO AND SOLAR ENERGY HARVESTING FOR A NEW
STANDARDIZATION OF BIOMIMETIC TECHNOLOGIES AT STANFORD UNIVERSITY IN STANFORD, CA USA

BIOMIMETIC PRECEDENTS

HE POSTER

SITE ANALYSIS
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THESIS STATEMENT

“the study of nature

biomimetic architecture energy
harvesting &

PRECEDENTS

LOCATION:
ARCHITECT:

YEAR:

LOCATION:
ARCHITECT:

YEAR:

CLIENT
SITE HISTORY

Felt Lake |

PROGRAM

72,000 square foot ¢

@ e EDUCATION

O ADMINISTRATION:

o SUPPORT:
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bioharvest | Bio-Inspired Solutions Lab at Stanford University
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D

BOMMCRY SKETCH

STRUCTURAL AXON PHOTOVOLTAIC MEMBRANE DETAIL
(or section perspective)

COMMENTS AT THE
GATE REVIEW:

- Develop plans

- Develop circulation, access

- Develop elevations

- Develop landscape

- Develop bridge structure in
the Iateral direction

- Develop roof structure
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