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	 									The world will not evolve past its current state of crisis by using the same 
                 thinking that created the situation.
              
                                                                                                    - Albert	Einstein		

																													We do not seek to imitate nature, but rather find the principles she uses.

                - Buckminister	Fuller
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A word that has become mainstream to mem-
bers of the architectural community is Sus-
tainability; but what does this word mean and 
why is it so popular?  The root of this word is 
‘sustain,’ which by definition means: to give 
support or relief to, to supply with sustenance, 
to support the weight of.1   Still, what does this 
mean to the architectural community?

Sustainability is a word the architectural com-
munity uses to define an approach to the 
design of the built environment that consid-
ers environmental and social issues on more 
than just a superficial level.  “Sustainability is 
fundamental to quality design, not just an op-
tional niche market.”2   A precise definition for 
sustainability is almost impossible to outline, 
because every individual has their own inter-
pretation of what quality design is and to what 
degree sustainable environmental and social 
issues are applied to the built environment.  

One way which architects apply sustain-
ability to the built environment is to do more 
with less.  This means to reduce many of the 
harmful effects on the environment by current 
buildings, such as resource consumption, en-
ergy use, pollutions, and waste.  This is similar 
to the David and Lucile Packard Foundation’s 
definition of sustainability, “Any building that 
has significantly lower negative environmen-
tal impact then traditional buildings.”3   This 
is a step in the right direction for sustainable 
design; it gets people thinking.  But, it is not 
a solution to the environmental issues facing 
architecture; it only prolongs the destructions 
of our planet.  This way of thinking continues 
to make building better for the environment 
by being less bad.  But, being less bad isn’t 
being good. 

William McDonough is one of the architects 
that is doing more than being “less bad” to 
create a truly environmentally conscious ar-

D	e	f	I	n	I	t	i	o	n			o	f		S	u	s	t	a	i	n	a	b	i	l	i	t	y
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chitecture.  He has looked nature and its 
complex systems and uses nature as an ex-
ample of how buildings and products can be 
designed using the concept of “waste equals 
food.”4   He once said, “I was tired of work-
ing hard at being less bad.  I wanted to be 
involved in making buildings, even products, 
with completely positive intentions.”5  His con-
cept requires buildings to take advantage of 
the sun and wind as sources of energy. Its 
materials and systems related to the buildings 
environment and culture.  The waste from one 
of the building’s system becomes the nutri-
ents for another or the environment, while still 
creating an aesthetically pleasing building.6  
McDonough’s concept is a holistic approach 
to design of the built environment that begins 
to correct problems of past generations.  It 
provides a vision of a sustaining architecture. 

         5
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Sustainable architecture is not a new style or 
fad, it is an approach to the design of the built 
environment that addresses building’s harm-
ful effects on the environment.  It creates a 
solution to the problems that our industrial-
ized modern architecture and our ignorance 
to the consequences of this lifestyle have cre-
ated.  Albert Einstein once said, “the world will 
not evolve past its current state of crisis by 
using the same thinking that created the situ-
ation.”7   For architecture to become part of 
the solution to current environmental issues 
facing our planet, architecture has to do more 
than just be “less bad.”  Architecture needs to 
stop using out of date ways of thinking and 
designing, if we are to create a truly sustain-
ing architecture.

This thesis project will explore an alterna-
tive approach to design, in order to create an 
environmentally responsible high school, lo-
cated in El Centro California.  It will do more 
than just be “less bad.”  Like McDonough’s 
approach to design, this thesis project will 
use nature as an example of how to design.  
Using strategies that allow this high school to 
function more like nature and strive to the ide-
al of a, “living building,” a building that exists 
as if nature itself created it.  These strategies 
will be as important to the design of this high 
school as other building components.  They 
will create an outline from which the building 
will be designed. 

Using environmentally friendly strategies, 
systems, and technologies as the form gener-
ator for this high school will allow the building 
to become part of a solution to environmental 
issues facing architecture today, not just pro-
longing its destruction.  This high school will 
be at least 30 percent better than California’s 
energy code.  It will provide enough daylight 
so that every classroom will function with-
out the need for electric lights during school 
hours,  run completely on clean energy from 
renewable resources.  As well as convert 
waste or byproducts from one system into 
resources for another.  Testing, modeling, cal-
culations, and computer analysis will be used 
to prove that the design of this high school 
meets these goals.

P r o p o s a l
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Before the invention of the light bulb, air con-
ditioner, and mechanical heating systems, 
architects and builders used their intuition 
and their understanding of nature to design 
and build buildings.  This type of architecture 
is refered to as vernacular architecture.  Ver-
nacular architecture is one of the best insights 
into how to design buildings for a specific area 
with a certain climate.  

Examples of vernacular architecture can be 
found throughout the United States and the 
world. Examples of this architecture can be 
found in the southern states, with its shotgun 
house and Creole cottage.  In this hot, humid 
climate these buildings use deep porches and 
overhangs to cool the breezes before they 
enter the building.  Many of the buildings are 
raised off the ground to allow air to circulate 
underneath to create a cooling effect around 
the entire structure.  They also allow the in-
habitant to take advantage of these shaded 
outdoor spaces.  Another form of vernacu-
lar architecture would be the pueblos of the 
Southwestern States.  This area has very hot 
summers and cool winters, so taking advan-
tage of solar orientation and thick massive 
walls to keep cool during the summer and 
store heat during the winter is vital.8   These 
two examples of vernacular architecture are 
completely different from one another, as they 
should be.  The environmental conditions and 
cultures that created them are completely dif-
ferent. 

With the creation of the systems needed to 
overpower the environment there was also 
the creation of a universal solution to archi-
tecture that could be placed anywhere, no 
matter what the climate or culture of that area 
may be.  As architecture conformed to a uni-
versal solution, many of the intuitive or “com-
mon sense” ideas of design were ignored like, 
human scale, the relationship of the building 

H i s t o r y
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to place, and the appreciation of the organic 
form.9   It began to rely completely on internal 
systems and nonrenewable resources to cre-
ate a comfortable interior, almost completely 
independent of its environment and its natural 
surroundings.  This was made possible be-
cause of the systems that control the internal 
environment and cheap energy from non-
renewable resources.  This trend of cheap 
nonrenewable energy is coming to an end 
as these resources are depleted and their 
harvesting and consumption techniques are 
damaging the environment.10 

Today, the realization of the consequences 
of a universal solution to architecture has 
prompted a new approach to architecture, a 
sustainable or green architecture.  It is more 
environmentally conscious.  In many cases, 
it is a combination of vernacular strategies, 
and new technologies.  This combination of 
vernacular strategies with technology makes 
buildings more efficient and as a result con-
sume less energy to create a comfortable 
living environment.  In some cases they can 
even supply their own clean energy from re-
newable resources like the sun and wind.        

Fig.6

12



T h e o r y



T h e o r y



P r e f a c e

In the last few decades the majority of build-
ings have been designed as if nature around 
them didn’t exist.  These buildings used brute 
force over nature to control the interior envi-
ronment.11   They relied on electric lights to il-
luminate the interior, mechanical heating and 
cooling to create a comfortable living environ-
ment, and the grid infrastructure to supply 
buildings with energy from fossil fuels (non-
renewable resources) and to also dispose of 
waste. 

Sustainable design strives to counteract the 
detrimental environmental aspects of these 
buildings and create an environmentally con-
scious architecture.  Sometimes in sustain-
able design today the sustainable features 
of the building come as afterthoughts, or 
some of the originally planned sustainable 
features are abandoned because of the de-
sign scheme, budget, or aesthetics.  When 
this happens sustainable design becomes an 
option or superfluous element instead of an 
integral part of the design.  The reality is that 
sustainable issues should have the same in-
fluence in the design as all other parts of the 
building.

Many of the strategies, systems, and tech-
nologies used in sustainable design can allow 
the building to function like nature instead of 
overpowering it.  Buckminster Fuller said, “We 
do not seek to imitate nature, but rather to find 
the principles she uses.”12  Using technolo-
gies such as photovoltaics and wind turbines, 
allow buildings to become  sources of energy.  
Incorporating passive strategies as intergral 
components, such as daylighting, passive 
cooling, and heating within buildings take ad-
vantage of natural renewable resources and 
the local environmental conditions; to relate 
the building to the surrounding area.  Including 
building systems like Living Machines allows 
buildings to filter their own waste water natu-

15



rally and convert waste back into a usable re-
source.  These strategies, systems, and tech-
nologies also give buildings the opportunity to 
educate its occupants about sustainable and 
environmentally conscious design.  

To create a building that functions like nature 
requires the formal aspects of the building to 
respond to the strategies, systems and tech-
nologies that are incorporated within the build-
ing.  This way the environmentally conscious 
aspects of the building do not take a back seat 
to other design issues; they establish guide-
lines for how to design the building.  The fol-
lowing strategies, systems and technologies 
are a few sustainable features that buildings 
can be incorporate to function like nature and 
achieve the ideal of a “living building.”    

16
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C	 o	 m	 m	 o	 n	 	 S	 e	 n	 s	 e

Passive strategies are age old and some of 
the best strategies to incorporate in order to 
make buildings that are better for the envi-
ronment.  These strategies are used to light, 
cool, and heat buildings by taking advantage 
of natural renewable resources like the sun 
and wind, to augment and even replace me-
chanical systems.  Determining which pas-
sive strategies to use depends on the climate, 
location, and area of the building.  Defining 
these techniques and strategies early is also 
essential because they have many effects 
on the design. If they are not considered 
throughout the entire design process, their 
positive effect will be greatly diminished.    If 
these strategies and techniques are used 
properly they can greatly reduce the cost of 
operating buildings, reduce the size of other 
systems within the building, and the number 
of systems required within the building.13 

Daylighting is a very effective passive strategy 
that can greatly reduce the need for electric 
lighting within the building by taking advan-
tage of the sun to light the interior during the 
day.  Daylight is also one of the most visually 
pleasing light sources, windows create a con-
nection with the outdoors, the light is always 
changing and moving throughout the space 
to create interest, and  it provides a continu-
ous source  of light.14   Windows alone can be 
effective sources of light for narrow spaces.  
But many times, spaces within a building can 
not be adequately lit by windows alone, so 
light shelves, window walls, clerestories, or 
skylights are incorporated to fill these spaces 
with natural light.  Many of the strategies used 
for daylighting also play an important roll in 
passive heating and cooling.  

Some passive cooling strategies take advan-
tage of natural ventilation as a means to cool 
buildings.  These strategies are very sensitive 
to the exterior climate.  Passive strategies that 
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work in a hot arid climate may not work for a 
hot humid climate so choosing passive cool-
ing strategies should be considered carefully 
based directly on a climate analysis.15   The 
windows that provide daylight also provide in-
lets and outlets for passive cooling strategies 
like cross ventilation, stack ventilation, and 
nighttime flushing.  Cooltowers are also an 
effective passive cooling strategy.  They al-
low air to pass through a moistened mat, that 
cools the air, which drops to the bottom of the 
tower and then into the building.16   In some 
milder climates these techniques can be used 
to cool buildings without the need for any me-
chanical cooling, but in harsh, hot, or humid 
climates these strategies cannot meet all the 
cooling needs so they are used to augment 
mechanical systems.   

Passive heating strategies take advantage 
of the sun as a source of heat for buildings 
to reduce the need for mechanical heating 
systems.  Direct-gain, indirect gain, and sun 
spaces are three of the strategies that can be 
used to heat buildings.   All of these strategies 
may incorporate a thermal mass.  During the 
day the thermal mass is heated by the sun 
and during the night it radiates heat through-
out the building.17  The thermal mass also 
helps to stabilize the interior temperature.         

18
Fig.8 Fig.9

1

2

3



B a s i c

The sun and wind are natural renewable re-
sources that are very effective when taken 
advantage of through the use of passive strat-
egies, but when these natural resources are 
combined with technologies like photovoltaics 
and wind turbines they become  clean and ef-
ficient sources of energy for buildings.  These 
technologies convert the sun and wind into 
electricity for powering building systems and 
appliances.  Therefore, these technologies 
can reduce a building’s reliance on or make 
it completely independent from traditional 
production of energy, which are harmful to 
the environment and relies on nonrenewable 
resources.  

Photovoltaic cells or PVs take advantage of 
the most abundant, reliable, clean, and under 
utilized natural resource; the sun.  PVs con-
vert the sun’s energy or light into electricity.  
This conversion of light to electricity through 
the use of PVs is internal and has no moving 
parts, which requires very little maintenance 
and is a simple application for buildings.  

PVs are not a new technology.  They have 
been around for quite some time. One of PVs 
first applications was to provide electricity in 
space for NASA space missions.18   It wasn’t 
until the early 1990s that the up-front costs 
and efficiency of PVs were applicable for use 
in buildings.19   Today there are a multitude of 
photovoltaic cells that can be used in build-
ing applications ranging from the standard PV 
panels to PV glazing systems, PV shingles, 
and PV laminates that can be applied to any 
smooth surface.20

Wind turbines are another way of converting 
a natural renewable resource into electric-
ity through a very visually dynamic process.  
They transform the wind’s kinetic energy into 
a spinning propeller that generates electric-
ity that can be used in buildings.  This pro-

19



cess is not as reliable as the sun because in 
most areas the wind doesn’t blow constantly. 
But when it does, wind turbines can produce 
large amounts of electricity.  In most building 
applications, because of wind turbines’ incon-
sistency, they are combined with photovoltaic 
arrays to create a wind/solar hybrid.21  

The incorporation of photovoltaic arrays and 
wind turbines allows buildings to become a 
clean source of energy, reducing the build-
ing’s environmental impact.   Both of these 
energy creating technologies have a visual 
impact on the building.  This fact can be ex-
ploited and used in the design of the building 
to make these features aesthetically pleasing 
as well as educational for its occupants and 
visitors. 
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N	 e	 w	 	 a	 n	 d	 	 E	 m	 e	 r	 g	 i	 n	 g		

Living Machines created by John Todd, co 
founder of Living Technologies Inc., are small 
complex miniature ecosystems that are used 
to filter waste water and sewage from a build-
ing naturally.  The living machine consists of 
a series of ponds that use plants, fish, algae, 
and bacteria to clean and break down waste 
water and sewage.  As the water moves 
down though the series of ponds it becomes 
cleaner and cleaner until it reaches the final 
marsh and is then ready to be recycled for 
non-potable uses within the building.22    This 
is powered chiefly through solar energy (pho-
tosynthesis) and gravity.  

Quantum Dots are a new nanotechnology 
that could potentially double the efficiency of 
traditional photovoltaics.23   These quantum 
dots come in different sizes ranging from 2 to 
10 nanometers.  The different sized quantum 
dots absorb different spectrums of sunlight, 
therefore expanding the bandwidth of sunlight 
that can be absorbed. These dots even allow 
for the absorption of the invisible infrared part 
of the spectrum.24  In tests quantum dots have 
also been proven to release more than one 
electron at a time, compared to current PV 
technology that only release one electron.  
In photovoltaic application the different sized 
quantum dots are layered within the panel. 
This allows a single panel to absorb a larger 
portion of the light spectrum, increasing the 
panel’s efficiency, supposedly to 60 percent 
or more.25   Another advantage to quantum 
dots is that there is really no restriction to 
shape, size or material that they are incorpo-
rated in.  These quantum dots could be the 
breakthrough to making solar electric cost ef-
fective and easier for the public to use.          

Solar Ink is a new liquid silicon nanomaterial 
that is being developed by Innovalight.  This 
technology is similar to thin film photovoltaics, 
it captures the suns light and converts it into 
electricity.  This nanomaterial is anticipated 
to have some distinct advantages over tradi-
tional solar cells.  Solar Ink will be more cost 
effective because  it uses less silicon, and 
has a more efficient manufacturing process, 
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roll-to-roll printing commonly used for print-
ing paper or film.26   This nanomaterial takes 
advantage of quantum dots, so it will have 
the ability to absorb more of the suns energy 
making it more efficient than traditional PVs.  
Its’ roll to roll manufacturing process not only 
allows it to be produced cheaper but allows 
it to be printed into flexible applications such 
as cloth and plastic.27   There are also other 
liquid based nanomaterial that are applied in 
a paint or spray form being developed.

Solar hydrogen production is another emerg-
ing process,  SHEC labs has designed a 
system for this process.  This process uses 
mirrors to concentrate sunlight onto to ther-
mo-catalytic reactors to convert methane, 
carbon dioxide, and water into hydrogen.28   
This system, unlike traditional means of pro-
ducing hydrogen, is effective at a small scale 
and doesn’t rely on fossil fuels to produce 
hydrogen.  SHEC system and process uses, 
the sun, a  clean renewable energy source 
to create hydrogen.  Their process also uses 
waste such as land field gases, biogas for 
municipal waste, and methane from carbon 
Dioxide, therefore using waste product that 
are polluting our environment and transform-
ing them into a useable source of energy.29   
In buildings this system could allow for the 
fueling of hydrogen powered cars on site and 
the recharging of fuel cells to power the build-
ing that is free and produced by the building 
itself.

These are just a few of the new emerging 
technologies and systems that are being de-
veloped for the future application in buildings.  
Some of the technologies and systems above 
are not yet available but when they are they 
have the ability to make building technologies 
and systems better or more efficient.  Being 
aware of what systems and technologies are 
out there that can help to make building more 
environmentally conscious, is an important to 
design.
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E P I C e n t e r

“Perhaps the most important goal of the MSU 
EPICenter project was to change the way in 
which buildings are designed built, operated 
and maintained.  The design team realized 
that to achieve this goal it had to begin by re-
examining the design process itself.” 30

The EPICenter, Educational Performance 
and Innovation Center was a proposal for a 
very ambitious sustainable building for Mon-
tana State University.  It would have housed 
classrooms, laboratories, student study spac-
es, and become the new home for the chem-
istry department.  The combinations of these 
components brought the total square footage 
of the building to over 250,000.  This proposal 
created a vision of an architecture for the fu-
ture.  

If built, this proposed building would have 
been a living building, that takes the knowl-
edge from living systems found in nature, like 
the flower, and follows its examples.

“Flowers are marvels of adaptation, growing 
in various shapes, sizes, and forms. Some lie 
dormant through the harshest of winter only 
to emerge each spring once the ground has 
thawed.  Other stay rooted all year round, 
opening and closing as necessary to respond 
to changing conditions in the environment 
such as the availability of sunlight. Like build-
ings, flowers are literally and figuratively root-
ed to place, able to draw resources only from 
the square inches of earth and sky that they 
inhabit,  the flower must receive all of its en-
ergy form the sun, all of its water needs from 
the sky, and all of its nutrients from the soil.  
Flowers are also ecosystems, supporting and 
sheltering microorganisms and insects just as 
our buildings support and shelter us.  Equally 
important, flowers are beautiful and can pro-
vide the inspiration needed for architecture to 
truly be successful.”31
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By taking this example to heart the technolo-
gies and strategies incorporated into the EPI-
Center would have allowed it to have no more 
environmental impact than if nature itself had 
created it. It was a new and revolutionary ap-
proach to the built environment. 
 
For the EPICenter to accomplish all of its 
goals it needed a new design process and this 
started with the makeup of the design team.  
The design team for this project was far dif-
ferent from the norms of traditional practice.  
It had architects, engineers, and consultants 
like the typical design team, but it also had 
artists, historians, scientists, educators, and 
students.32   All members of the design team 
were involved in the design process from the 
beginning and were included and informed on 
all components and aspects of the building.  
This was done to change the way professions 
think about the design process rather than 
each one doing their own part and not consid-
ering how it affects others. They adapted their 
parts to help and improve the others, making 
the final solution a more cohesive whole.

Changing the makeup of the design team 
was just the start of creating a new design 
process; it also involved creating new ways 
of thinking about the design process.  One 
of these methods was coined by the term 
PLUS ULTRA which in Latin means “more, 

beyond.”33  To the design team this meant re-
defining the state of art.  This method started 
by “identifying the state of art in any field, sys-
tem, or technology, then identifying the bar-
riers to moving beyond that state of art and 
then removing those barriers and redefining 
that state of art.”34   Another method used for 
changing the way in which people think about 
the design process was thinking holistically 
about the project, Making sure that if one sys-
tem, strategy, or component was changed, its 
effect on the related systems and the whole 
was considered.
This approach to the design of the EPICen-
ter allowed for the integration of many differ-
ent technologies, prototypes, and strategies 
to work together as one large system that 
worked like nature.  It is also understood that 
the size of the design team and the time put 
into the development of prototypes and re-
search is highly unlikely to happen in most 
projects.  It was possible on this project be-
cause there were grants and money specifi-
cally for research and development.  Even 
though this project was never built, its suc-
cesses lie in its new design process, methods 
of thinking, and the awareness that it created 
for sustainability.  It proved conceptually that 
a building of this scale and goals of becoming 
a living building were not just a fantasy but a 
reality that could be accomplished, if people 
are willing to change the way they think.  

26
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A	d	a	m		J	o	s	e	p	h		L	e	w	i	s		C	e	n	t	e	r

“We intended to create not just a place for 
classes but rather a building that would help to 
redefine the relationship between humankind 
and the environment – one that would expand 
our sense of ecological possibilities”35 
 

The Adam Joseph Lewis Center for Environ-
mental Studies is a steeping stone for the de-
velopment of ecological and sustainable de-
sign, located on the Oberlin College campus 
in Ohio.  This building houses classrooms, 
office spaces, environmental studies library, 
and a resource center.  These components 
brought the total square footage of the build-
ing to 13,600.

Many different classes are held within this 
building, some are even environmental stud-
ies courses, but for the students, visitors, 
and faculty in this building the learning and 
knowledge gained doesn’t just take place in 
the classroom.  The building itself is a teacher 
and informs students though its technologies 
and systems.36   As the students and faculty 
learn from, monitor, and understand the build-
ing, it evolves and is modified to adapt to its 
environment and to new more efficient tech-
nologies.

One of the systems that allows the AJLC to 
move toward a smaller ecological footprint 
or environmental impact was the inclusion of 
the living machine.  The living machine treats 
waste water from the building by filtering it 
though a biological system.  The water is then 
reused for non-potable uses within the build-
ing and for landscape irrigation.  This system 
not only filters all water from the building natu-
rally, but is powered by the sun.37 

Another important feature that lessens the 
AJLC environmental impact is the use of a 
photovoltaic array.  The photovoltaic array 
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allows the building to supply its own energy 
during the day and return energy to the grid 
when energy production is in excess of what 
the building consumes. During the night the 
building uses energy from the grid to run the 
building.  This is one of the features of the 
building that may evolve in the future, with the 
inclusion of fuel cells so that excess energy 
can be stored during the day to run the build-
ing during the night hours.  This way the build-
ing becomes less dependent on the grid. 

The AJLC is an example of boldness and 
modesty all in one.  It shows that a sustainable 
and ecological building of this type is possible 
today, through the use of its advanced tech-
nologies and strategies.  But, it also realizes 
that a building of this type is an evolving pro-
cess and allows the building to adapt.  Now 
that the building is operating, it is monitored 
and analyzed to quantify data that compared 
with preliminary design calulations highlights 
the buildings strengths and weaknesses.
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N	o	r	t	h		C	l	a	c	k	a	m	a	s		H	i	g	h		S	c	h	o	o	l

“Not so many years ago, gazing out the win-
dow of your high school could get you in trou-
ble for not paying attention.  That was before 
designers of school realized that natural light 
from the sun could actually make one a better 
student.”38

The North Clackamas High School is a mod-
el for sustainable school design  located in 
Clackamas, Oregon.  This project was de-
signed for over 1,800 students plus faculty 
members and has a total square footage of 
265,355.  This is a large scale sustainable 
project that is a model for energy efficiency.

Clackamas High School’s outstanding energy 
efficiency was made possible in large part due 
to its integration of passive systems with its 
active systems.  This building was orientated 
to take maximum advantage of daylighting, 
ventilation, and solar strategies.  Courtyards, 
narrow bays, window walls, clerestories and 
light shelves were used to maximize daylight-
ing which cut back on the need and use of 
electric lighting.  The inclusions of mechani-
cally controlled damper louvers and air stacks 
supply natural ventaltion throughout the build-
ing, which allowed for a downsized HVAC.   
Thermal masses were incorporated in the 
walls and floors to help maintain internal tem-
peratures. There were also occupancy, CO2, 
and light sensors installed throughout the 
building to ensure that light, heat, or air con-
ditioning is only supplied to areas where it is 
needed.39   These energy efficient strategies 
incorporated within this building are estimat-
ed to save the Clackamas school district over 
$69,000 a year.40 

Clackamas High School‘s design also dealt 
with many of the typical program issues that 
arise when designing a high school.  First, the 
school was laid out in a way to insure security 
of the grounds by keeping eyes on the site.  
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The design also addressed safety issues on 
the exterior by separating service zones, ve-
hicle access, and pedestrian areas.41      

Designing a sustainable school like Clacka-
mas High School is not only energy efficient 
and better for the environment, but schools 
like it have been proven to make better stu-
dents.  Studies have been done that show that 
naturally lighting, natural ventilation, operable 
windows, and views to the exterior increase 
test scores, attendance, and productivity, all 
of which are intergral components of sustain-
able design.42
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The site for this thesis project is located in the 
Imperial Valley of California, more specifically 
within the City of El Centro.  El Centro is the 
largest city in the Imperial Valley and is locat-
ed in extreme southern California.  It is 117 
miles east of San Diego and 15 miles from the 
Mexican boarder.
 
The exact site within the city was a difficult 
choice.  One of the sites that was considered 
was old industrial land that would have been 
classified as brown field, which would be a 
logical choice for a sustainable project.  This 
thesis project would have be able to trans-
form land that is now unusable into useable 
land again, but its proximity to railroad tracks 
and location on the outer edge of town were 
not desirable traits. 

The specific site within the city of El Centro is 
located between Lincoln Avenue to the North, 
Villa Avenue to the south, and just west of La 
Brucherie Avenue.  This piece of land was 
once an agricultural field that produced many 
different crops.  For the last two years this 
land has been idle and is now scheduled to 
become part of a large residential develop-
ment of fast track homes. Using a virgin site 
isn’t the most sustainable thing for this thesis 
project, but this thesis project will be better 
suited and environmentally friendly for the 
site than a large number of fast track homes.  

This site has many attributes that will be ben-
eficial to this thesis project.  First of these was 
its location within the city.  It is situated within 
walking distance to many different residential 
communities. This will cut back on the dis-
tance students have to travel to attend school.  
The site also fronts one of the main arteries of 
the city running north and south that has stop 
lights on both corners of the site, which will 
accommodate vehicular access to and from 
the site.  The site’s size, the size of nearby 

S	 i	 t	 e	 	 S	 e	 l	 e	 c	 t	 i	 o	 n
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buildings, and adjacent land planning will al-
low this thesis project to take full advantage 
of wind and sun in its design.  This also en-
sures that the views of Mount Signal to the 
southwest and the In Ko Pah Mountains to 
the south will be preserved. 
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I	 m	 p	 e	 r	 i	 a	 l	 	 V	 a	 l	 l	 e	 y	 	 H	 i	 s	 t	 o	 r	 y

The Imperial Valley was once know as the 
Colorado Desert and was classified as unin-
habitable and worthless land until the introduc-
tion of water from the Colorado River in 1901.  
This new resource allowed the pioneers of 
this area to begin farming and growing crops.  
This sparked a rapid population increase in 
the area, and created a need to transport 
goods to and from the Imperial Valley.  As a 
result, a branch line from the Southern Pacific 
railway was constructed.   Until the introduc-
tion of water and the construction of a railroad, 
Imperial was the only city located in this area.  
Soon after, the cities of El Centro, Braw-
ley, Calexico, and Holtville were founded .43

 
In the early years of these towns the popula-
tion growth was very explosive. This was due 
to the intense competition between the cities 
for the county seat which El Centro won.  The 
irrigated land and farming grew just as fast 
as the population, with the construction of 
new canals and laterals to supply more wa-
ter to the Valley.  Today, there are more than 
500,000 acres of land in production and hun-
dreds of miles of canals and laterals.  Agricul-
ture remains one of the Valley’s major indus-
tries, but El Centro has also emerged as the 
Valley’s administrative and commercial center. 
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Looking North

Looking East

Looking South

Looking West
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C	 l	 i	 m	 a	 t	 e	 	 A	 n	 a	 l	 y	 s	 i	 s

The climate of the El Centro is a typical low 
desert.  It has very hot dry summers and 
warm winters.  During the winter, the temper-
atures average 57 degrees and 107 degrees 
during the summer.44   On average El Cen-
tro receives a total of 3 inches of rain a year.

One of the first things to consider in this cli-
mate are the extreme summer temperatures. 
Therefore, the design of this thesis project will 
have to consider ways to counteract these ex-
treme temperatures.  Thermal masses, cool 
towers, and window shading strategies can to 
useful tools to aid in counteracting hot tem-
peratures.

The lack of rainfall in this area is also another 
important climate feature that this thesis proj-
ect will need to address.  As said before, El 
Centro, as well as the entire Imperial Valley 
receives all of its water from the Colorado 
River.  Harvesting any amount of rainfall will 
be helpful to lessen the amount of water the 
building needs to draw, just like desert plants 
do.  Incorporating systems like living ma-
chines to recycle the building waste water will 
also be helpful.

The amount of sunshine that this area re-
ceives has its advantages and its disadvan-
tages.  The more sunny days there are, the 
more electricitycan be produced by photo-
voltaics.  The large amount of sunshine also 
means a large amount of solar heat gain.  
This project’s design will have to pay close at-
tention to solar heat gain issues.  
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Designing a sustainable building takes 
thought and consideration.  It is important to 
decide what  sustainable strategies, systems, 
and technologies will be most effective for the 
climate and location of the building.  Once 
these are determined, they become the driv-
ing force behind the design.  They are incrop-
erated holistically to work towards creating a 
living building.

When designing a living building there are 
seven basic principles that the building must 
folllow.  Living buildings must: 

“Harvest all energy and water needs  
on site.

Be adapted specifically to site and climate 
and evolve as conditions   change

Operate pollution-free and generate no waste 
that aren’t useful for some other process in 
the building or immediate environment

Promote the health and well-being of all in-
habitants as a healthy ecosystems does

Be comprised of integrated systems that 
maximize efficiency and comfort

Improve the health and diversity of the local 
ecosystem rather than  degrade it

Be beautiful and inspire us to dream.”45 

One of the problems that this high school will 
encounter in becoming a living building is ac-
quiring its own water from the site itself.  It 
is located in the desert and the only source 
of water comes from the Colorado River, but 
water issues will still be addressed in how 
much water the building consumes and how 
the waste water can be treated to become a 
resource for the surrounding irrigation.

Q	 u	 a	 l	 i	 t	 a	 t	 i	 v	 e	 	 P	 r	 o	 g	 r	 a	 m
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Another goal of the design of this high school 
is to create spaces that encourage learning, 
not just a traditional school curriculum, but 
also learning through architecture.  The inten-
tion is to educate the students, faculty, and 
visitors about sustainability though the archi-
tecture and the design of the building.
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64     Classrooms                     1,000sqft
11     Lab / Studios         1,300-2,000sqft

Administration       

     12 Offices                       100-150sqft
     1 Guidance center               1,000sqft
     1 Entry / Reception               2,000sqft
     1 Nurses Office / Sick Room   500sqft
     2 Conference / Meeting Room   500sqft
     1 Teachers Lounge  2000sqft

Gymnasium     
   
     4 Locker Rooms     2,500-3,000sqft
     1 Weight Room               3,000sqft
     1 Wresting Room               4,500sqft
     2 Gyms    9,000-18,000sqft

Field House     
   
Library / Information Tec hnology   
 
     1 Library                9,200sqft
     1 Office                   150sqft
     1 Computer Center               1,250sqft

Multi-Purpose Room    
  
     1 Food Preparation               2,000sqft
     1 Dinning / flexible space          10,000sqft

Performing Arts     
  
     2 Offices           100-150sqft 
     1 Auditorium                5,500sqft
     2 Band / Choir      1,500-2000sqft
     1 Dance Studio               1,300sqft
     3 Practice Rooms            75-150sqft
     4 Storage Rooms          250-400sqft
 
Industrial Technology    
   
     2 Shops                2,000sqft
     2 Storage Rooms                  625sqft
     3 Labs                1,300sqft

Q	 u	 a	 n	 t	 i	 t	 a	 t	 i	 v	 e	 	 P	 r	 o	 g	 r	 a	 m

 
64,000sqft
 23,100sqft

 10,500sqft

 45,500sqft

  2,500sqft

 10,600sqft

 12,600sqft

 16,000sqft

12,000sqft

187,700sqft
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Exterior Space

3 Baseball / Softball Fields       260’ x 460’  

4 Tennis Courts         100’ x 120’  
 
1 Baseball / Softball Fields        360’ x 360’  

1 Football / Track Stadium        300’ x 700’  

7 Basketball / Volleyball        100’ x 110’  
  
2 Soccer Field          200’ x 360’  

7 Apparatus Areas 1,000sqft   
      
      
 
      
  

358,800sqft

48,000sqft

129,600sqft

225,000sqft

77,000sqft

144,000sqft

7,000sqft

916,400sqft
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I	n	t	e	r	n	a	t	i	o	n	a	l			B	u	i	l	d	i	n	g			C	o	d	e	
305.1 Educational Group E.
Educational Group E occupancy includes, 
among others, the use of a building or struc-
ture, or a portion thereof, by six or more 
persons at any one time for educational pur-
poses through the 12th grade.  Religious 
educational rooms and religious auditoriums, 
which are accessory to churches in accor-
dance with section 302.2 and have occupant 
loads of less than 100, shall be classified as 
A-3 ocupancies.

Table 302.1.1 Incidental Use Areas
Laboratories and vocational shops, not clas-
sified as Group H, located in Group E or I-2 
occupancies. 1 hour or provide automatic fire-
extinguishing 

303.1 Assembly Group A
A – 1 Assembly uses, usually with fixed seat-
ing, intended for production and viewing of the 
performing arts or motions pictures including , 
but not limited to:
    Motion picture theaters
    Symphony and concert halls
    Television and radio studios admitting an 
audience 
    Theaters

A – 4 Assembly uses intended for participa-
tion in or viewing outdoor activities including, 
but not limited to:
    Arenas
    Skating rinks
    Swimming pools
    Tennis courts

A – 5 Assembly uses intended for participa-
tion in or viewing outdoor activities including, 
but no limited to:
    Amusement park structures
    Bleachers
    Grandstands
    Stadiums
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Table 302.3.2 Required Separation of Occu-
pancies (Hours)
Between Occupancy Groups A-1, A-4, A-5, 
and E requires 2 hour separation

Table 503
Height and square footage limitation for con-
struction types.

506.3 Automatic sprinkler system increase.
Where a building is equipped throughout with 
an approved automatic sprinkler system in 
accordance with Section 903.3.1.1, the area 
limitation in table 503 is permitted to be in-
creased by an additional 200 percent (Is = 
200 percent) for multistory buildings and an 
additional 300 percent (Is = 300 percent) for 
single-story buildings.  These increases are 
permitted in addition to height and story in-
creases in accordance with Section 504.2.

Table 601
Fire-resistance rating requirements for build-
ing elements.

1003.2 Ceiling Height
The means of egress shall have a ceiling 
height of not less than 7 feet

1003.3 Protruding objects
Protruding objects shall  comply shall com-
ply with requirements of sections 1003.3.1 
through 1003.3.4.

1004.7 Fixed seating.
For areas having fixed seats and aisles, the 
occupant load shall be determined by the 
number of fixed seats installed therein.

For areas having fixed seating without divid-
ing arms, the occupants load shall not be less 

60



than the number of seats based on one per-
son for each 18 inches (457mm) of seating 
length.

1005.1 Minimum required egress width.
The means of egress width shall not be less 
than required by this section.  The total width 
of means of egress in inches (mm) shall not 
be less than the total occupants load served 
by the means of egress multiplied by the fac-
tors in Table 1005.1 and not less than speci-
fied elsewhere in this code.  Multiple means 
of egress shall be sized such that the loss of 
any one means of egress shall not reduce the 
available capacity to less than 50 percent of 
the required capacity.  The maximum capacity 
required from any story of a building shall be 
maintained to the termination of the means of 
egress.

1020.2 Width
The width of exit passageways shall be de-
termined as specified in Section 1005.1 but 
such  width shall not be less than 44 inches 
(1118mm), except that exit passageways 
serving an occupant load of less than 50 shall 
not be less than 36 inches (914mm)

1006.1 Illumination required.
the means of egress, including the exit dis-
charge, shall be illuminated at all times the 
building space served by the means of egress 
is occupied.

1013.3 Common path of egress travel.
In occupancies other than Groups H-1, H-2, 
and H-3, the common path of egress travel 
shall not exceed 75 feet (22860mm).

1014.1 Exit or exit access doorways re-
quired.
Two exits or exit access doorways from any 
space shall be provided where one of the fol-
lowing conditions exists:
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1.The occupant load of the space exceeds                 
    the values in Table 1014.1
2.The common path of egress travel exceeds 
    the limitations of section 1013.3
3.Where required by Sections 1014.3, 1014.4,                 
a nd 1014.5

1014.1.1 Three or more exits.
Access to three or more exits shall be pro-
vided from a floor area where required by 
Section 1018.1.

1014.2 Exit or exit access doorway arrange-
ment.
Required exits shall be located in a manner 
that makes their availability obvious.  Ex-
its shall be unobstructed at all times.  Exit 
and exit access doorways shall be arranged 
in accordance with sections 1014.2.1 and 
1014.2.2.

1024.1 General.
Occupancies in Group A which contain seats, 
tables, displays, equipment or other material 
shall comply with this sections.

Table 2902.1 Minimum Number of Required 
Plumbing Fixtures
A – 1. Water closets, Male 1 per 125: Female 
1 per 65: Lavatories, Male and female 1 per 
200:  Drinking fountains 1 per 500 
A – 4. Water closets, Male 1 per 75 for the 
first 1,500 and 1 per 120 for the remainder 
exceeding 1,500: Female 1 per 40 for the first 
1,500 and 1 per 60 for the remainder exceed-
ing 1,500: Lavatories, Male 1 per 200: Female 
1 per 150: Drinking fountains 1 per 1,100.
A – 5. Water closets, Male 1 per 75 for the 
first 1,500 and 1 per 120 for the remainder 
exceeding 1,500: Female 1 per 40 for the first 
1,500 and 1 per 60 for the remainder exceed-
ing 1,500: Lavatories, Male 1 per 200, Female 
1 per 150: Drinking fountains 1 per 1,000.
E. Water closets, Male and female 1 per 50: 
Lavatories, Male and Female 1 per 50: Drink-
ing fountains 1 per 100.
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Classroom Section

Library Section

Cafeteria Section
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Electricity Diagram

Cooling Diagram

Living Machine Diagram

Daylighting Diagram
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Administration Building

Gymnasium

Library

Performing Arts Center

Industrial Tech. Center
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Entry Perspective

Courtyard Perspective

Quad Perspective

Quad Perspective
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Center Mall Perspective

Locker Kiosk Perspective

Classroom Hallway Perspective

Photovoltaic / Interior Classroom Perspective



R e f l e c t i o n

	 Thoughout this past year I have 
gained a vast knowledge of many different 
sustainable desigh techniques, both passive 
and  active, and the impact that they have on 
design. By incorperating these techniques 
into the design of my high school as a  pri-
mary concern, they became intergral parts 
of the design. Thereby creating a school that 
runs completely on clean renewable energy, 
recycles its own byproducts and uses less 
energy than traditional buildings.  Display-
ing how sustainable design can be taken to 
the next level, to design a building that has 
almost no impact on the enviornment.
 By making the sustainable aspects 
of my project the primary concern, I struggled 
bringing the project back to dealing with the 
human scale.  Once I had put all of my fo-
cus  on the sustainable aspects of the project 
it was had to branch away and make sure the 
the project functioned as a school. This along 
with the shear scale of the project were the 
two things that I struggled with the most.     
 This thesis project has only in-
creased my passion and hope to help imple-
ment the ideas behind this thesis project in 
the professional field.  It would be nice to work 
on a project that has simiular goals in the real 
world, now that I know it can be done hypo-
theticallly.  
 I would also like to thank my thesis 
Advisors, Tom Wood, Chris Livingston, and  
Jack Smith greatly.  Without them I would 
have never have been able to finish this proj-
ect.            	 	
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