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INTRODUCTION

MNoah was told by God to build an ark. Just
exactly how God told Noah is left up to the
imagination. The fact remains that the clouds
on the horizon were revealed to Noah and even
though he lived nowhere near water, he was
inspired to build a ship. He must have
experienced much ridicule for wasting time,
energy, and materials on this ship,
Inspiration, however, is more powerful
than ridicule. Noah saw the clouds on the
horizon and the coming flood, so he buill a
ship to float on the seas, for there was a time
coming when there would be no land.

Today, it doesn't take a prophet to see the
clouds on the horizon. There are many signs
of the "coming flood". The overall abuse of
the earth by humanity is about to leave our
ever growing population "flooded” with
survival emergencies, on many levels, This
will affect water, air, food, shelter, energy,
ete. All factors of human survival, as we
know it, are immediately threatened by the
rapidly deteriorating condition of the plane
Earth. The media is full of emergencies
regarding polluted oceans, rivers and streams,
vanishing wildlife, air quality, radicactive
waste, garbage, homeless families, etc. The
sitnation 1s escalating and 1n many cases
irreparable damage (relative to human life
span) is done. This is no special awareness

available only to one person. All of us can see
the clouds on the horizon.

Just as Noah needed a life supporting ship that
would float independently without access to
land, we are in need of life supporting ships
that will "float" independently without access
to various archaic self-destructive systems
upen which we have grown dependent. These
systems include centralized energy systems
which give us acid rain, radioactive waste and
power lines lacing the earth like spider webs,
We have heating and cooling systems for our
living spaces that totally depend upon these
centralized energy systems. Most housing
today would be totally nonfunctional in terms
of comfort, water, toilets, electricity, etc.
without massive inputs of energy from
centralized sources. There is also food,
another basic living need, which also comes
mostly from centalized production systems.
The quality of this food 1s, at best,
questionable, and it requires energy consuming
transportation systems for distribution. All of
this is available only through money, which
itself is another system between us and our
sustanence. Due to the fact that these systems
have evolved within a certain narrowness of
vision, they have begun to reach points where
they do more harm than good. They are
literally destroying the planet as they
precariously sustain our rather incomplete
concept of human life. Our ability to evolve



beyond these systems is becoming increasingly
necessary, and has a twofold impetus,

I. If we learn to live without these
systems, we could radically slow
down destruction of the planet and
possibly reverse certain aspects of the
deterioration,

2. If it is already too late, we will need,
in the near future, living units to
sustain us via direct contact with
existing natural phenomena.

We need to evolve self-sufficient living units
that are their own systems. These units must
energize themselves, heat and cool themselves,
grow food and deal with their own waste. The
current concept of housing, in general, sup-
ported by massive centralized systems, is no
longer appropriate, safe, or reliable. We are
now ® need of Earthships — independent

vessels — to sail on the seas of to-
MOrrow,
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1. CONCEPT

THE DETERMINING FACTORS OF
THE EARTHSHIP IDEA

- What it means to interface
- Why we should do so

This chapter will elaborate on and develop
the "independent vessel” concept as a necessary
spark toward the evelution of habitat on
this planet. There will be discussion of
what the vessel must be capable of in
order to independently support human
existence. Idealistic visions will be digested
into realistic possibilities.



A YVIEW FROM THE STARS

Some light beings from Alcyone once sent a
representative to Earth to analyze the situation
there. The light being came, spent some time
on Earth and went back 1o Alcyone and made
the following report:

"Basically there were three kinds of creatures
there. One type of creature was rooted in the
ground. [t was very evolved, relative to its
host planet. [t must have been very intelligent.
Withour moving from place to place, it took
what it needed from the air, the sun, and the
ground to sustain a very long and low stress
life. It dropped its by-products on the ground
around it and they entered the ground and
were recycled back into the creature itself,
When it died, it entered the ground and
became food for its offspring. It was more
than agcreature; it was a system. It had totally

interfaced with its host planet.”

The next kind of creature was also very
evolved, but it had to move around to sustain
itself. It also took what it needed from the air,
the sun and the ground. Some of them took
each other. [Its by-products entered the
ground. When this creature died, it also
entered the ground, and all became food for
the creatures discussed above, These creatures
dlso took some of the above creatures into
them for food. There seemed to be a physical
exchange hetween both of these creatures in

terms of both food and air. They each inhaled
what the other exhaled. Thev had interfaced
with the planet and with each other.”

"The last kind of creature was not very well
adapted to this planet. As a matier of fact, this
creature may have been an alien. It rook from
both of the other creatures as well as the
planet, and gave nothing back except by-
products which made it difficult for itself and
the others to continue living. It seemed to be
taking over the planet like some kind of
malignant growth. These creatures prolifically
multiply, fight each other, ruthlessly slaughter
the other two types of creatures, and ruthlessly
abuse the host planet. They do not seem to
understand their environment, their chemistry,
or themselves. Possibly, they should be
contained in some intergalactic corral to keep
them from harming other creatures and
planets, as well as themselves, In general, this
planet was very beautiful and serene until this
third creature began to multiply into such
numbers that its effect has become a serious
threat to the planer itself.”

The sitwation was examined and the light
beings from Alcyone decided to enter these
creafures and evolve them from the inside out
and awaken them to the system of which they
are a part. They have the potential to interface
with the planet and make it even more
beautiful and wonderful than it was before
they came. So it was and the project began...
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A LOOK AT THE EXISTING
CONCEPT OF HOUSING

It was early fall in Cincinnati, Ohio and the
trees still had all their leaves. A freak early
snowstorm came and the leaves on the trees
caught too much of the snow and weighed
them down with more weight than the
branches were designed 1o  hold.
Consequently, many branches broke and they
took down power lines with them. This
happened in so many places around the ciry
that large numbers of homes and commercial
districts were without power, For a couple of
days, people could not even buy food because
the stores could not operate without power.
Many people, thinking they were well
prepared for such an emergency, got out their
stored canned goods, laid away for just such an
occasion. Unfortunately, the majority of the
pecple in the city had eleciric can openers and
they could not get into their emergency stash

of food!

The concept of housing really has not changed
much in centuries. We started with compart-
ments to shelter us from the elements.  Soon,
we began to do things in these compartments
that required light, fire and water and a
reasonable level of comfort. To achieve this
we began to bring energy and water to the
compartments first by hand, and later by
systems. The systems have evolved from
carrying wood for a fire pit to nuclear power

plants making huge quantities of power that is
fed through wires to various compartments all
over the planet. The systems have radically

evolved; the compartment is still a

compartment.

The systems, which are now centralized, have
grown to be more important aspects of housing
than the compartment itself. We are now
dependent upon and vulnerable without these
systems., When the systems fail due to some
catastrophe, such as a hurricane, tomado or
earthquake, people gather together in commu-
nity facilities such as gymnasiums, with
emergency systems. Existing housing is
nonfunctional without systems. We build
all kinds of compartments out of wood,
concrete, steel, and glass. We even put them
on wheels, but they are still just compartments
that we pump life support into, One can easily
imagine the limitations, dependency, and
vulnerability of being on a life support system
in a hospital. What if you found that you had
o stay on a life support system for the rest of
vour life? Many people would rather die than
live this way. We are living this wayv,

We are also dying this way. The systems give
us power in one hand and poison in the other.
Acid rain, radioactive waste, spider webs of
power lines, polluted rivers and oceans,
vanishing wildlife are all part of the "price"
for the life support systems necessary to make
the current concept of housing functional.
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A person on a life support system in a hospital
has to be always within reach and "plugged in"
to the various systems that keep him/her alive.
So it is with our current concept of housing.
This need to be plugged in keeps us from using
thousands of acres of dynamic and beautiful
land . Some of the most beautiful places on the
planet are rendered useless for human habita-
tion because the systems that support housing
do not go there. The limitations, the depen-
dency, the vulnerability, and the poison give us
Manly reasons to question the existing concept
of housing and ask ourselves, “fs this really

something thar we want to atlempt to go into
the future wigh?"

THE SYSTEMS OF EXISTING
HOUSING

The systems that render the existing housing
compartments habitable are as follows:

E rical r i
istributi ms:
These systems provide the electrica] energy for
lights and appliances and. in many cases,
heating and air conditioning. Also, in some
cases, the water pumping for the living
compartment is dependent upon these systems.
In order for these systems to keep up with the
demand, they are producing seriously
hazardous by-products and effects, as well as
lacing the planet with a web of wires

The price for this power, in terms of money,
is high and is getting higher. These systems
are owned by corporations whose aims are not
always in the best interest of the people or the
planet. The price for this power, in terms of
ecology, is the depletion of resources which
took millions of years to produce and the
pollution of the delicate environment that
sustains life. It is no longer safe for us to keep
using systems, and their reliability s
questionable as we voyage into the future.

Water systems:

Centralized water systems always involve
electricity in some way, so the water systems
are dependent on the electrical systems. This,
in addition to questionahble purification and
treatment processes, leaves many cities with
water that is undrinkable and dependent upon
the power grid. In rural situations, pumped
well water is almost always dependent upon the
power grid and in many areas is already
undrinkable due to sewage, cattle urine, or
radioactive waste,

In cities, all waste water goes [o the sewage
Systems and in rural areas, it goes to smaller
sewage treatment plants. In very rural areas,
it all goes into septic systems. 80% of this
water could be reusable as grey water. In
most cases, this is not even considered, so we
are left with massive amounts of sewage 10
treat. The result is extreme pollution in and
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around the water near cities, and a waste of
very rich irrigation water in rural areas.
Again, most sewage systems depend in some
way upon electrical systems to function,

Gas systems:

The natural gas systems are the cleanest and
the least destructive to the planet. However, in
times of catastrophe, they go out (gas lines
break) quite often. The distribution of this gas
is potentially dangerous and unreliable in times
of disaster, and will continue to get more
expensive. If the complete functioning of a
home depended upon gas, this home would be
just as vulnerable as those using any other
system. Of course, gas must be shipped by
vehicle in rural areas, which is an obvious
vulnerability in times of disaster.

Food systems:

Food has become just as much of a system as
anything else. The centralized food production
system 15 definitely one of the major support
systems for human habitat on this planet. The
existing housing compartments do nothing
toward dealing with the food needs of the
human inhabitants. Food is mass produced,
not with human health in mind, but with
profits in mind. Money is, unfortunately,
the major objective of all systems. The
various chemicals used to produce more food,
faster, have radically affected the quality of
fruits, vegetables, dairy products and meats.
(Read Diet for a New America, by John

Robbins). The quality of the global waters is
also beginning to affect fish. Distribution of
food is dependent upon vehicles which may or
may not run during economic, natural, or
human-made disasters. The existing food
system is, therefore, unreliable as well as
unhealthy. In addition, it is s0 wrapped up in
the monetary system, that it almost ceases to be
food. Speaking of wrapped,it is also wrapped
in various plastics and packaging which are a
serious disposal problem. Trees and animals
don't have to wrap their food: why should
we? Is it because we are intelligent?

Materials Systems:

The major materials presently used for
housing compartments have many factors that
warrant some rethinking.

1. Too much wood is used and although this is
a renewable source, trees need time to grow.,

2. Many materials are made in centralized
areas and have to be shipped all over the coun-
try. This is an economic and an energy factor.
3. Most materials require specific skills to use
them. This renders them out of the reach of
unskilled people to use.

4. There is much energy involved in the
manufacturing of materials and consequently
much pollution is the result of this.

5. Many new materials are unhealthy to be
around. Unfortunately, this is not discovered
until they have been used for years.

6. Manufactured materials tend to dictate the
nature of housing. 1t should be vice versa.




Monetary systems:

This system obviously supports the living
compartment because all other systems are
made available only through this system. If
one has no money, the other systems are shut
off, regardless of need. People have actually
died because their utilities had been shut off
during the winter, due to their inability to pay
bills, This puts our very survival dependent
on a rather shaky and hollow economic system,
Thus, the living compartment is in a very
vulnerable place. Not only do we have to
deal with the potential unreliability of
the various support systems, but we
have to deal with the unreliability of
the system which gives us access to the
support systems.

DEVELOPING THE NEW CONCEPT
OF HOUSING

The above systems, plus a slap dash compart-
ment, make up existing human habitat on this
planet. A pew concept for habitat must also
deal with systems as well as a compartment,
Since there are so many problems with the
centralized nature of existing systems, and
since no one really knows what our voyage
into the future will bring, (relative to their
continued feasibility and reliability), we
would be much better off and have
maore control over our lives if our new
concept for housing inherently, within
its own nature, provided the systems to
which we have grown accustomed.

It would help if we could meet the redesign
effort halfway by reevaluating our needs. This
15 very similar to designing a vehicle to make a
voyage into space for five years. The vessel
must be self-contained so our usual amount of
needs must be reduced.

When one buys a house today, hefshe is
essentially going on a voyage on planet Earth
for the next thirty or forty years. Considering
the condition of the planet, (due to years and
years of abuse), our vessels must now be
self-contained. Qur numbers are too great
for us to continue taking from the
planet — we must now stand with it.

L T XN N E N EEE N ENENEL LB EE N B NN B N EJLBKENBJEJNLHE.



.

#;'-;ua-u&-u.a.ilrui'ﬁ.'-l-#.aillJdi#iiiﬂ#ﬂjﬁijﬁliljﬂi

T g

The future must see a self-contained vessel capable of sustaining an environment for human habitat on
its own, through its own interfacing with natural phenomena. This would allow the vessel to be taken
anywhere — to the top of 2 mountain, out in the desert, to an island, anywhere,

It would be an Earthship.




One very important aspect of this new concept
for housing is that it must be available to the
masses. That is to say, it cannot be a
multimillion dollar vessel that only the rich
can afford. Everyone is entitled to voyage into
the future. The concept, design, and actual
method of manifestation of an Earthship must
be developed with this in mind. In addition
to interfacing with natural phenomena,
this concept must interface with the
nature of the common person.

THE SYSTEMS OF THE EARTHSHIP

The Earthship must, by virtue of the way it
interfaces with the existing nawral phenomena,
provide a compartment that maintains its own
levels of comfort. The Earthship itself
must be a heating and cooling system.

Heatine and Cooling system

I'he sun 15 a source of heat. The Earth itself is
a battery to store heat. Earthships, therefore,
must begin relating to both of these phenomena
in their design,

"¥e" is a more appropriate concept for the future than "I"
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House as Battery

Put a cast iron skillet and a tin pan on a stove
and heat them both. Then tum off the stove,
The tin pan will cool off in a couple of min-
utes; fifteen minutes later, the skillet will still
burm your hand to touch it. This is because it
is thicker and has more mass than the tin pan.
It is a better 'battery’ for holding heat.

Housing evolved on this planet out of a
physical and emotional need for shelter, Early
on, shelter began to involve the use of energy.
Fires were used inside shelters for warmth and
cooking. Then electric lights and various
appliances appeared. We now have a multitude
of appliances, as well as elaborate heating and
cooling systems, all of which have become
necessities of housing. The current result
is that now energy is as much a factor
of housing as shelter.

No one would really think of building 4 house
that did not provide shelter. For example, can
you imagine a beautiful floor plan built on the
ground without a roof? This would be absurd.
At this point in our evelution, we must accept
the fact that energy is essential to housing; it
is just as absurd to build a house with
no provision for energy as it is to build
a house without a roof.

The energy factor can be broken into two

categories - appliances and temperature. As

will be discussed later, the electrical energy

requirements of appliances can be met with
immediately available technology, collected
from the sun or wind, and stored in batteries
for later use. Temperature can be collected
and stored much the same way as electrical
energy. A glass wall on the south face of a
house will transmit heat to the space and the
mass behind it. That space and mass, poten-
tially the entire house, can serve as a battery to
store the heat. This concept is known as
thermal mass, and works well anywhere there
i5 exposure to any source of heat.

Thermal mass has been utilized for centuries
by animals and ancient civilizations, but has
been given up for more 'modern’,
‘economical’ construction methods which make
no provision for storage of heat,

The idea that we call a battery is really a
reflection of a pattern or phenomenon upon
which the entire universe is based. This is the
relationship between energy and matter, All
matter is actually stored energy, while all
energy 15 actually ‘evaporated’ matter,
Matter itself is essentially a battery.



In much the same way that matter stores
energy, dense mass stores temperature. The
more dense the mass is, the more temperature
il stores. Therefore, a house or shelter made
of dense mass is much better for storing tem-
perature than a house made of thin pieces of
wood. This is true regardless of the original
source of temperature be it heat or cooling.

A good analogy can be made to the way a
barrel stores water. If the water storing
capacity of a barrel were compared to the
lemperature storing capacity of most houses,
the 'barrel’ would be 1" deep, rather than
3-0" deep. Most houses have little or no dense
mass, therefore they store no temperature,

NO MASS

NO STORAGE OF WATER -H\'-V

-

‘R‘H— NO STORAGE OF TEMPERATURE

12

MASS
STORAGE OF WATER

*‘“— STORAGE OF TEMPERATURE

Consequently, energy must continually be
brought in via wires and pipes from outside
sources to control inside temperature.

Today's better insulation helps keep this heated
air from escaping, but insulation does not
absorb or store heat. If houses could store
heat from any source, as a barre] stores water,
they would require much less ENergy to stay
full.”  Instead of using mass, we usually
continuously heat or cool the air in our houses
to control their temperature.  Air does not
hold temperature. This is like trying to
collect water on a flat surface — it just runs
away. Just as we must collect water in a barrel
if we want to save it, we must collect
temperature 1n mass if we want to save it.
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Since we go to the trouble and expense of
putting heat into a house, we should do what
we can to make the house hold that heat.
Houses should be built with mass
surrounding every space to allow them
to truly act as batteries.

Qur bodies, being 96% water — which is mass,
function similarly. A certain amount of
energy is put into our bodies, via food, etc.
Some of this energy results in heat, which is
stored in the built-in mass of our bodies; our
bodies are batteries. Thus we can maintain 98°
F. when the air around us is 50° F. and we
consume food only occasionally. If our bodies
held no heat, we would have to eat all the time,
putting energy in constantly (0 maintain our
body temperature. We would run out of food,
wear out our digestive systems and have time
for nothing but eating.

Housing is similar. Without mass, we are
runmning out of fuel, taxing our energy systems,
and wasting most of our time making and
paying for fuel. This payment is suffered both
economically and ecologically. If our houses
are to hold heat as our bodies do, they must be
made of mass. The more dense the mass, the
more temperature it stores. The Earthship
provides for this storage by wrapping every
reom with 3-0" thick dense walls. It is
interfacing with the earth, by aligning with the
phenomenon of thermal mass.

The concept of house as battery is appropriate
anywhere, regardless of solar availability.
No matter what the heating or cooling
source, the battery will retain the
temperature.

Food system:

An Earthship should encounter the Earth in
such a way that it provides space and environ-
ment for year round growing of edible plants,
fruits, and nuts. Diets could be leaned toward
what is easily produced in the environment
provided by the Earthship, as the Earthship's
food production capabilities are slowly evolved
toward the desires of the inhabitant.

ouse as Greenhouse

For the inhabitants of Earthships to be
independent, they will have to produce food.
What will this mean in the design of the vessel?

"y
=i
=
=

upu



Obviously, we need dirt; there will need to be
areas with dirt floors. Current Earthships
provide planters, but entire rooms and spaces
will be needed to grow reasonable quantities of
various types of food. For example, we will
need height for growing citrus and nut trees.
Major requirements of a garden must he
provided within the vessel, so food production
can occur year round, protected from
temperature extremes and potentially bad air
and acid rain. This means that a certain
amount of space will be for plants, not for
people.  These factors are all design
determinants for the vessel. As important as
a bedroom, there must be a garden.

ol i system:

The Earthship must provide enough electricity
to light itself and to run various appliances to
which humans have grown accustomed.
Obviously, the cost of the components that
provide this electricity would be regulated by a
more ¢fficient approach, on the part of the
owners, to the overall use of electricity. The
simple admission of sunlight reduces the need
for daytime lighting,

House as Power Plant

The vessel must be a small, independent power
station. Through wind and/or sun, it mus
capture enough energy to meet the electrical
demands of the inhabitants in a clean way.
Currently, this can be done by collecting
energy from windmills and photovoltaic panels

- storing the energy in batteries, and using the
energy as needed from the batteries.
Photovoltaic cells have been developed to
convert light energy from the sun into
electricity. They have become more reliable
in more areas than windmills: however, it is
important to note that windmills can be made
with less technology. This energy is stored in
conventional electric vehicle type (golf cart)
batteries. This method has already proven
itself in the 'sun belt' to be an adequate
solution for the reguirements of home
appliances. Based on what has been learmned
there, this method will soon be sensitive
enough to provide for energy requirements in
other areas where the sun must come through
clouds. In the future, there may be other Ways
to collect and store energy; soon we will be
taking it right out of the air, out of the atoms.
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(Read Tapping Zero Point Energy, by Moray
B. King) Our specific use of energy may
evolve; but, today, we need energy which
comes to us through wall sockets. This cannot
be changed ovemnight. The concept of the
energy producing vessel can be evolved in
many ways; but, the immediate
application must start with that to which
we are accustomed, and lead us to that
which is more appropriate,

Just as a generator is designed as an integral
part of a car, a power generating system must
be integral in the design of Earthships. The
aesthetic of the Earthship is a result of the
systems' requirements. Current Earthships are
built and finished with earthy materials, and
are buried with earth. They feel good, but
their appearance is subject to performance. It
will be difficult, if not impossible, to design an
English Colonial Earthship. An empty wood
box can be decorated as an English Colonial,
but it would need power lines and systems. An
Earthship cannot have these connections to the
power grid. The days of preconceived ideas
about what Architecture must look like are
over. Buildings, housing especially,
must become interfacing vessels,
evolving the preconceived ideas of style
and appearance to independence and
performance. Emotionally, this is
another way we must change to meet the
Earthship halfway.
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Water svstem:

The Earthship must, within its own electrical
systern have provision for pumping water with
existing conventional methods, as well as
catching rain and snow melt. An Earthship
must provide its own water.

House as Water Provider

Currently, we bring water systems to houses.
An Earthship can have a well that is pumped
from the Earthship's independent power
system. Wessels can also catch water. These
systems can be built into the nature of the
vessel mself, eliminating the need for an
outside water system. In the future, we may
discover ways to take water from the air,
by condensing it; but, even now, we can pump
water with power produced by the vessel.
Soon it will be important to distill water for
human consumption. Distillers will have to
be built into the vessel. Hot water will also
have to be provided by the wvessel itself.
Various solar hot water heaters work in many
areas with current technology. Earthships
must eventually produce, distill, and heat
their own water.

Sewage system:

An Earthship must divide its water waste into
grey water and black water, reusing both
and/or delivering both to the Earth in a form
which is totally acceptable to existing narural
Processes.

16

House as Septic System

Black water comes from the toilet; grey water
comes from everywhere else, (lavatories, tubs,
sinks, ete.). Current systems put all grey and
black water together underground in a septic
tank or sewer; all of this water must be
chemically treated and ends up polluting our
rivers, streams, oceans, and underground,
largely because of sheer volume. Then we buy
chemical fertilizers for our plants. Instead, we
could be using the grey water, which is right
in front of us to feed our plants. There are
food particles in the kitchen sink; there is
protein in the bath water. Plants thrive on
these things. The waste system for grey water
can be tied into the garden. This can be done
in many ways, but direct flow is the easiest.
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When the grey water is reused, the septic tank
or sewer needs become minimal because only
black water from the toilet is sent to it
Current septic tanks and sewer systems are so
large because they have to deal with the
shower, dishwasher, clothes washer, etc...
altogether. A much smaller septic tank for
black water only may even be contained, or at
least have a minimal effect on surrounding
areas. Sewer systems for cities would also be
much more manageable with only black water.
The reuse of grey water would, of course,
mean watching what you put down your drain
- no Drano or harmful chemicals.

(a8 system:

Since gas is the least offensive system in
conventional housing, early Earthships that
do not quite make it all the way to
total independence should use gas as a
back-up. This should still be for as few
needs as possible.

House as Methane Plant:

Gas (methane) can be made from sewage and
compost. Ideally, Earthships could produce
enough gas from their compost and black
water septic tanks to deal with their own gas
needs. At this point, gas is only required for
cooking and backup hot water. Domestic
methane could easily meet this demnand.

Materi ystem:

The shape and fabric of an Earthship must
grow out of the "natural” resources of our age.
This includes anything that appears on the
planet in large quantities and in many areas,
These materials and the techniques for using
them must be accessible to the common person
in terms of price and skill required to use
them. The less energy required to tum a
found object into a usable building material the
better. Designs for Earthships must relate to
the direct use (with little or no modification)
of natural resources of the 21st century,




Garbage is delivered fe
the local reeyeling center

Materials are brought to
the construction site and

Garbage is picked up
to be delivered to the

| RECYCL ING CENTER ] Materialz are

sorted

House a5 Assemblage of By-products

An Earthship of the future should make use of
indigenous materials, those occurring naturally
in an area. For centuries, housing has been
built from found materials such as rock. earth,
reeds, and logs. Now, there are mountains of
by-products of our civilization that are already
made and delivered to all areas. These are the

dssembled inte a heuse
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lozal resyoling center

Inhabitants of the
hause produce more
garbage

natyral resources of the twentv-first century.
An  Earthship must make use of these
via techniques available to the common
person. In a time when MOortgage payments
take up 75% of monthly income, homelessness
is an epidemic, and the stress is becoming a
disease, housing must return to the grasp
of the individual.
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Monetary svstem:

Because the Earthship itself provides all of the
systems upon which the inhabitant would be
spending much money , and the fact that the
Earthship, inherently in its concept and design,
is very accessible to the common person, the
dependence upon the existing monetary system
would be greatly reduced, thus reducing stress
to both people and the planet.

House as a Method for Survival, (Money!:

The ideal vision of the Earthship would there-
fore be — a vessel that provides both space
and systems for humans and edible plants,
independently, through its own interfacing
with natural phenomena. This would reduce
and ultimartely remove the stress involved with
living on this planet, both to humans and the
rest of the planet. This concept of living,
(independent voyage vs. dependent trap), could
change the natre of the human mind itself. It
could provide a basis and a direction for
conscious evolution on the Earth.

This is a vision for tomorrow to inspire us.
Now, what can we do today?

TODAY

The bummer factors of existing housing are:

- it is continually increasing the need
for the monstrous systems which
are failing and flailing and
destroying the planet

- 115 locartion is limited relative to the
availability of systems

- 1t 15 non-functional without systems

- 1ts method of manifestation
contributes to the stress level of
both people and the planet



An independent vessel must;

-be able to function anywhere

-decrease and ultimately dispense with
the need for the outside systemns
which currently support the
living compartment

-be accessible to common people

-grow food

-deal with its own waste and by-
products

-make its own energy

-make its own temperate climate
inside

-make use of the by-products of the
twenty-first century

All of this must be done by interfacing with
natural phenomena, without any connection to
outside sources.

20

WHAT IS MEANT BY INTERFACING

“Interfacing” is a word which 1s used a lot
these days. When a solar electric system or a
wind powered electric system is hooked up to
the existing power grid, and more power is
needed than can be provided by the solar or
wind electric system, it is provided by the
power grid. When there is an excess of solar
or wind generated electricity, it goes back to
the power grid. This is called 'interfacing
with the existing power grid.’

Interfacing is a dance between two systems. In
the example above, the solar/wind system
interfaces with the existing system and they
give and take, back and forth. It is a dance, a

wave, a pulse, an alignment, as opposed to
merely taking from the existing power system.

Animals and trees interface with the natural
phenomena of the planet. A tree grows out of
the planet, feeds from the planet, dies, rots
back into the planet, and its offspring feed
from the rot that the tree became, It breathes
the carbon dioxide given off by animals, and
provides oxygen for animals to breathe. Trees
and animals are active participants in the
processes of the planet and each other.

Humans' lifestyle, including housing, is not
interfacing with the planet. We are getting
further and further away from the processes of
the planet. Currently, we are basically taking

o e R A e m e o A o A M R R M R D e B P T R

s s
|

ot

" T% 9



PP SS 3083338888833 359ddFddIIFITIINI

from the planet, while we are not returning
anything useful to the planet. Our life is on
the planet, but not of the planet,

Interface: A point at which relative systems
interact,

Deface: To mar or spoil the surface or
appearance of, disfigure.

Existing houses, due to the fact that they are
totally supported by destructive out-of-control
systems, contribute to the defacing of the
planet. A new concept of housing must
interface with the planet. By interfacing with
the planet, it supports us as humans while
supporting the planet as an organism. This
recognizes both the planet and the relative
systems. This requires aligning ourselves
with the processes of the planet and
reevaluating our concept of living. Housing is
how we live; we may have to begin to
reevaluate how we live in order to relate to a
new concept of housing.

There are many existing natural phenomena
which result in temperature, energy. food
production, and all things we need to sustain
life. We must learn to align ourselves with
these phenomena - to interface with them. We

YWebster's 11, New Riverside Dictionary, Berkeley Books, New
York, 1984,

a1

must create a vessel which helps us to do this.
Through imterfacing with existing phenomena
on site, the vessel must provide an environ-
ment which will sustain human life, This is a
visionary concept, which cannot be achieved
overnight.  We will only be able to create a
facsimile of this ultimate inmerfacing vessel -
the Earthship., However this is the first step
toward the vision of the ultimate interfacing
vehicle. The facsimile interfaces with the Sun
and the Earth and begins to take care of us;
but we must accept the fact that it is not nearly
as evolved as the vision. It is simply a step In
the direction of the vision.

Our minds can move toward the
truth more swiftly than our
bodies and emotions.
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WE CAN ALIGN OURSELVES WITH NATURAL PHENOMENA AND INTERFACE WITH THEM
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THE EARTHSHIP AND ITS
RELATIONSHIP TO THE CAR

The inventors of the automobile perhaps had
visions of faster, smoother vehicles rolling
on wheels, such as the cars we have today;
however, the best they could produce with
their current industry and technology was
the Model T. Likewise, our current
technology today makes Earthships barely
functional, perhaps even crude, relative to the
vision of the concept. It is only a step away
from the dependent house, but it is a
significant step. Future Earthships will keep
evolving toward that vision, as a Model T
evolved into a 1990 Porsche.

The automobile was an invention and a
vision; however, this vision was limited. The
inventors did not envision the planet filled
with millions of cars emitting carbon
monoxide, or cities filled with traffic jams,
making life so unhealthy one could barely
wilk down the sidewalk. The car has evolved
to the point where it could be the wrong
thing now, due to fumes, noise, pollution,
the dependency on oil, and the stress it puts
on the planet. The concept of moving along
in a capsule may be fine, but there needs
to be a new kind of vessel. The concept of
a gasoline fueled vessel must be evolved
beyond the dependency on gasoline, the
emission of pollutants and the noise.

21

Likewise, the house must be developed into a
new kind of vessel. It is merely a package
now - an empty box. If there were only a few
of these houses scattered around the planet,
there wouldn't be a problem. But, when an
idea or vision 15 taken relative to people, who
keep multiplying, it too must be multiplied,
Simply multiply each invention times 1 billion.
If Henry Ford had taken the Model T times 1
billion, he would have thought of the
pollutants, and the gasoline dependency as
problems.  Existing housing has similar
problems - it requires a massive amount of
energy and sewage systems which in tumn
pollute the environment. This housing times 1
billion is going to kill all of us and make our
planet uninhabitable.

Next, consider the concept of the Earthship
times 1 billion. It is interfacing with the
planet, not stressing it. Compare this to
multiplying a tree times 1 billion; there is no
real problem. If we are going to interface, we
must look to trees, animals, rivers, etc. to see
the rules of interfacing. If we are to design a
vessel which won't backfire in the future, it
must be looked at on a mass scale. We must
envision what it would be like to live in the
midst of Earthships, which emit no pollutants,
deal with their own waste, are partially
covered with earth, and require no outside
systems. This is like standing amongst 1
billion trees, instead of 1 billion cars. Our



current housing and automobile situation
shows the shortsightedness of our vision, The
concept of the Earthship is prepared 1o evolve:
It has a broader vision. The way in which a
tree interfaces with the earth is the format for
how the independent vessel should evolve. We
must begin *leaning toward this vision. (*See
A Coming of Wizards, Chapter 6, Michael
Reynolds) It cannot be done overnight; but,
if we lean in that direction, we are
participating in our own evolution and
giving ourselves a chance for survival.

EVOLUTION OF OUR LIFESTYLES
RELATIVE TO THE VESSEL

It is probable that, even if we did have the
ultimate interfacing vessel available to us now,
we wouldn't be able to survive in it. We
would have to evolve our living habits toward
what the vessel could provide. For instance,
our diets would chanpe, The vessel eould not
produce packaged microwave dinners and
other processed foods, so we would have to
lean our diets toward what it could produce -
fruits, vegetables, and grains. The Earthship
will continue to evolve 1o be able 1o produce
more foods, as we continue to lean toward a
new diet. Current Earthships do provide
growing spaces for plants, with the living
spaces for people. These growing spaces are
easy to care for because they are in the "path
of everyday living”. But because they cannot

24

supply everything, we must supplement the
vessels with grocery stores. Ultimately, as
both we and the Earthship evolve, we will be
able to grow all of our own food, and redyce
or dissolve our need for packaged foods. This
is true of all needs. As we "lean” our lifestyles
toward what the Earthship can provide, we
evolve the Earthship toward what we need,
Someday we will meet,
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JUST AS MOSS GROWS ON THE NORTH SIDE OF TREES,
PEOPLE WILL FLOURISH ON THE SOUTH SIDE OF MOUNTAINS

26
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2. LOCATION

INTERFACING WITH LOCAL
PHENOMENA

- With what can we interface?
- How do these phenomena work?
- How is an Earthship placed on a site?

In the Northemm Hemisphere, moss grows on
the north side of trees and snow melts on
the south side of mountains. If you want a
log 1o float downstream, you must place it
in the current, not near the shore in an
eddy. Earthships must also be placed for
optimum interaction with natural phenomena.
This chapter explores the natural phenomena
of the planet and explains how to interface
an Earthship into the existing phenomena
of the area.

Ly |



THE PHENOMENA

The Earthship was developed at 37 deprees
North latitude and at an altitude of 7000 feer,
The winters get as low as 30° below zero
and the summers as high as 100° F. In
this climate of extremes, the Earthship
(through interfacing with natural phenomena)
maintains a temperature of 65°- 75° F with
no backup heating or cooling systems. These
extremes have demanded evolution of the
Earthship's performance, both in terms of
heating and cooling itself, The phenomena
have been studied in theory and reality, and
the interfacing methods have evolved
through testing and experimentation, so that
at this peint, the Earthship can be taken
almost anywhere.

We will first explain how these phenomena
determnine the design of the Earthship in
Northern New Mexico. This will provide an
understanding of how to relate to these
phenomena as design determinants. At the end
of the chapter, we will discuss how the
interfacing with these same phenomena varies
in different chimates.

The phenomena with which the Earthship
interfaces are all related to the four elements,
FIRE, EARTH, AIR and WATER,

FIRE

Fire provides HEAT, LIGHT and ENERGY,
The SUN is unarguably our major source of
the above. The sun is a natural phenomenon.

Conventional housing compartments shield the
living spaces from the sun, thus disregarding it
as 4 potential source of heat. light, and energy.

_____________
|||||||||

CONVENTION AL
HOUSING COrP ARTHENT

An Earthship must encounter the sun and
interface with it to gather this limitless heat.
light and energy. This suggests a different
shape for the compartment, and an orientation
toward the sun.
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This in turn suggests an analysis and
understanding of this phenomenon called sun.
We must understand this fire in order to
interface with it.

Sun / Earth Relationships

Cirbit

The Earth orbits around the sun once a year,in
an elliptical path (the shape of an oval), and at
an average distance of about 93 million miles
(150 million kilometers).

Earth Axis

The Earth also spins about its own axis, which
accounts for the apparent rising and setring of
the sun.

0

Tilt

The tilt of the Earth is 23 1/2° from the plane
of 1ts solar orbit, which is why (in the
Northern Hemisphere) the sun appears lower
in the sky in the winter and higher in the sky

in the summer.

=DEC,
W INTER

NORTHERN
HEMISHPEREA.




The opposite is true in the Southern
Hemisphere. Due to this tilt, the sun comes to
Northern New Mexico at about 30°, relative to
the surface of the earth, in the winter,

NEW MEXICO * WINTER * DEC. 21

SUNS RAYS

SUN

and about 77°.relative to the surface of the
earth,in the summer.

NEW MEXICO * SUMMER * JUNE 21 |

aUN'S RAYS

o SUN

it

Solstice [ Equinox

The sun will appear at different angles in the
sky from different locations on the globe.
Relative to the Northern Hemisphere, it is
always at its lowest point in the sky on the day
called the winter solstice, and at its highest on
the summer solstice.

—=

SUMMER SOLSTICE
SLN
TROFI OF GoHCER

EQUATEE
TEOFEOF CAPER ORI

ey
T

EQLINDH SUN

WINTER SOLSTICE
SUN

These dates are December 21 and June 21,
respectively. In the Southern Hemisphere, it is
the opposite. Midway between these points are
the two equinoxes, March 21 and September
21, on which days the sun is in the midpoint
between its solstice positions, i.e. straight
above the equator.

Albituide

The apparent height of the sun can be mea-
sured as its angle above the horizon plane of
the earth. This is called its altirude.
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There is a difference of 47 degrees between 1ts
summer and winter altitudes, as secn from
New Mexico at noon.

-

SUMMER SU['J-__ n

-
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L 479
DIFFEREMCE

LOCATION - ORIENTATION

N NORTHERN NEW MEXICO, AND
ANYWHERE AT ABOUT 37' NORTH LATITUDE,
THE SUN IS AT A 30" ALTITUDE AT NOON ON
THE COLDEST DAY OF THE YEAR. THE MOST
[MPORTANT THERMAL PRIORITY FOR THIS
AREA 1S GETTING ENOUGH HEAT THROUGH
THE WINTER. THEREFORE, WE EACE THE
GLAZING OF THE EARTHSHIP TO THE SOUTH,
AND TILT THE GLASS AT 60" TO BE
PERPENDICULAR TO THE SUN AT ITS LOW
pOINT. THIS REDUCES REFLECTION TO A
MINIMUM IN WINTER WHEN HEAT IS
NEEDED.

WINTER

GLASS PERPENDICUL AR
TO WINTER SUN—_ A

THIS SLOPE ALSO RESULTS IN
CONSIDERABLE REFLECTION IN THE
SUMMER, WHEN HEAT 1S NOT WANTED.

SUMMER %f

EFLECTED

E
\, SUN RAYS
W




These same phenomena also account for the
change in length of days between summer and
winter. The sun is not only higher in the sky
in the summer, but also poes Lhruugh a wider
plan arc, or azimuth. In northern New
Mexico, the summer azimuth is about 240°
while the winter azimuth angle is abour 120"
This means that the winter sun rises 60" east of
south and sets at 60° west of south. When
heating is and issue, these winter angles must
be related to in the front glass face
configuration.

WINTER —y gn® &0 1= WINTER
MORMMNG AFTERMNDON
SUN SUN

120°

Dﬁlgr rDEEN'sEE! :

SUNRISE  SU

foURsE__suiseryy
f

WJUNE 218 | JUNE 21

SUNRISE N " SUNSET

40 NORTH LATITUDE

LOCATION - CONFIGURATION

AN EARTHSHIP IN NORTHERN NEW MEXICO
SHOULD HAVE A FLAT FRONT FACE. IF
THERE ARE TO BE ANY PARTS THAT ARE
FULLED FORWARD OF OTHER SEGMENTS,
THEY SHOULD RELATE TO THE WINTER
ALIMUTH ANGLE OF 607, 80 AS NOT TO

Lad
[

CREATE ANY SHADOWS THAT WOULD
BLOCK S0OLAR GAIN.
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Solar Arc

In combination, (altitude and azimuth changes)

the sun appears to move through our sky in 3
3-dimensional solar arc, as the earth rotates.
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This path changes every day from shortest and
lowest on the winter solstice 1o longest and
highest on the summer solstice. It is always
symmetrical about its high point (its zenith) at
noon, which also points to true south.

LONGEST PATH

SUMMHER
ZENITH
W INTER

CENITH

1 r Ll Al T il
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EARTHSHIPS IN NORTHERN NEW MEXICO ARE
POSITIONED 50 THAT THEIR NORTH-SOUTH

WINTER
SUNSET

N SUMMER
SUNSET

AXIS IS SLIGHTLY (10-15 DEGREES) EAST OF

13

TRUE SOUTH. THIS ALLOWS THEM TO CATCH
THE HEAT OF THE S5UN A LITTLE EARLIER IN
THE WINTER MORNINGS.

Percent Solar Possible

Difterent points on the globe get different
amounts of sunshine, but places along the same
latitude lhines see the same number of sun hours
on any given day. Also places along the same
latitude, will see the sun at the same altitudes.
This means the solar orientation for an
Earthship will be the same on any given
latitude assuming the elevation above sea level
15 the same. Climate obviously varies with
elevation difference.

Places that are on the same latitude may not get
the same amount of actwal sunshine, due to
clouds, smog, haze or any other conditions that
might block out the sun.

e




LOCATION - SOUTHERN EXPOSURE

ON DECEMBER 21, WHEN THE 5UN 1§ AT ITS
LOWEST POINT IN THE SKY, IT IS ONLY 30
DEGREES ABOVE THE HORIZON AT NOON. AN
EARTHSHIP IN NORTHERN NEW MEXICO MUST
BE LOCATED WHERE THERE WILL BE NO
OBSTRUCTIONS THAT MIGHT BLOCK THIS LOW
WINTER SUN. A FEW DECIDUOUS TREES
(THOSE THAT WILL LOSE THEIR LEAVES IN THE
WINTER, THEREFORE LETTING SUN THROUGH
WHEN IT 15 MOST NEEDED) ARE OKAY.

e

30° WINTER SUN

EARTH

The earth receives, stores and refines the heat,
energy, and light from the sun. There are
many earthly phenomena involved in these
processes. Since the Earthship receives the sun
much the same as the earth itself does. it woyld
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obviously employ the same processes of inter-
facing with the sun that the earth itself uses,

Heat
A brief discussion of the way heat moves

(thermodynamics) is necessary here 1o explore
these processes.

Heat Ene gy

Heat energy cannot be created or destroyed,
but it can be converted into other forms,
channeled to and contained in specific places.
Whatever renewable energy source is locally
avallable, there is a way to convert it into a
form we can use and put it in a place we can
use it from. Heat energy can be converted into
electrical, chemical, or mechanical energy.

Heat Transfer

When free interchange of hear takes place, it is
always from the hotter (place or body) to the
colder. The hotter will lose energy and the
colder will gain energy uniil a state of equilib-
rium is attained. Cool mass walls will absorb
the sun's heat, but when the sun goes down and
the air in the room cools, the heat will slowly
be drawn back out of the walls,

conduction

The process of heat energy moving through a
material (the sun heats the south side of a mass
wall and the heat moves through the wall to the
room on the north side of the wall),

a
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radiation

Radiant energy is transmitted as electromag-
netic rays, which can travel through space
(even a vacuum). They heat any object
which intercepts them (the sun heating the
earth and you).

convection

Convection 1s the movement of heat in liquid
or gas. The source heats the gas and the
currents within that liquid or gas carry the
heat to you. (Subtle heat from warm thermal
mass travels through the air to warm you).

Comftort Zone

The comfort zone is the set of conditions at
which humans are comfortable to perform
everyday tasks. It is a very different set of
conditions for each location and culture, but
all are affected by some of the same
environmental phenomena:

ambient air temperature

the temperature of the air surrounding the
body (without taking humidity into account)
relative humidiry

the percentage of water vapor in the air
relative to to maximum amount of water vapor
it can hold at a given temperature

air movement or speed

how fast the air is moving adjacent to the
body, 1t can be affected by ventilation
temperature of adjacent objects

Sometimes called mean radiant temperature,
this is the effect of heated mass upon a body (if
the air in a room is cool, but the walls and
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floor are warm, then the perceived tempera-
ture 1s higher)

latier

All matter 1s made up of molecules which have
weight or mass (weight is actually the effect of
gravity upon mass).
specific heat
All mass has the ability to store heat, yet some
substances have the ability to hold more heat
per unit weight than others. The term for this
capacity is specific heat,
thermal conductivity
Thermal conductivity is a measure of how
tast heat is conducted through a unit thickness
of a substance.
thermal mass
Thermal mass is a term for any mass used to
hold or contain temperature. For example,
our bodies are made up of about 90% water.
Our bodies hold a 98" temperature due to the
thermal mass of this water. The ideal
material for thermal mass would hold 2
lot of heat and give it off over a long
period of time. Water 1s one of the best
natural materials with regard to these
properties. Earth, adobe sand, rock, brick and
concrete are also good thermal mass materials.
Earth is the least expensive and most readily
available, however, and can also be stabilized
for structure. This is why it is the ideal
material for the Earthship. The more dense
the matter, the more heat it will hold.
Therefore tightly packed or rammed earth 15 a



very good container or "battery” for storing
“comfort zone” temperature in.

LOCATION - MASS

THE INDIVIDUAL SPACES (LE. INTERIOR AIR
VOLUMES) WITHIN THE EARTHSHIP MUST BE
INDIVIDUALLY SURROUNDED BY ABUNDANT
DENSE MASS TO STORE AND GIVE OFF THE
HEAT OBTAINED FROM THE SUN. THE HIGHER
THE YOLUME OF MASS, RELATIVE TO THE AlIR
SPACE YOU ARE TRYING TO HEAT, THE MORE
STABLE YOUR COMFORT ZONE COULD BE,
THIS CAN BE ACHIEVED BY VERY THICK
INTERIOR WALLS AND SUBMERGING THE
VESSEL INTO THE MASS OF THE EARTH AS
MUCH AS POSSIBLE. IN NORTHERN NEW
MEXICO, 50UTH SLOPING HILLSIDES ARE THE
BEST, BECAUSE THE EARTHSHIP CAN BE
SUNKEN INTO THE MASS OF THE HILL
WITHOUT HAVING TO DIG A PIT IN FRONT FOR
LETTING SUN iIN.

Thermal Movement

When a substance is heated, it will expand;
when it is cooled, it will contract. Earth,
concrete, wood, and all building materials are
affected by weather in this way. This is called
thermal movemeni, and can cause a brittle
material like concrete or masonry to crack.
Masonry buildings may also be pushed by the
swelling of frozen earth or water around their
foundation walls. An Earthship is more "of
the Earth,” and it will accept and experience
similar thermal movement to that of the Earth.
Consequently, it will move with the Earth
rather than resisting it. It is very expensive to
make foundations that resist the Earth. An
Earthship must interface with the Earth, rather
than resist it.

R
i

EARTHSHIPS MUST BE BUILT QUT OF EARTH
ON STABLE, UNDISTURBED EARTH. THE

-
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DESIGHN 1S NOT MEANT TO RESIST THE EARTH,
BUT TO JOIN IT.

Energy and Light

Green cells in the leaves of plants and trees
harvest the sun's energy. They change the
sunlight into chemical energy by the process of
photosynthesis, This chemical (food) energy is
then transported to the rest of the plant for use
or storage.

To make the most of this phenomenon, the
Earthship must provide sunlit areas for
photosynthesis to happen within its interior
space. This allows for year round growing of
edible plants. The Earthship must be oriented
toward the sun for this to be possible,
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In addition to this, the Earthship must perform
a similar "harvest” for electrical energy.
Photovoltaic cells, mounted on the roof of the

Earthship, change sunlight into electrical
energy, which can then be transported 1o
batteries for storage and use.

Natural sunlight can often be used instead
of artificial electrical light, if it is
appropriately allowed into an interior space.
This reinforces the solar oriemation of the
Earthship once again.

life

The interfacing of the Earth with the sun (and
with water) is responsible for what we call
life. There are certain functions of life itself
that must be interfaced by the Earthship.

The biosphere is the region surrounding the
Earth that supports life. This includes the ai-
mosphere, the hydrosphere (oceans), and the
lithosphere - the outer layer of the
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Everything between, including all of life, is
powered by the sun. The less we pollute the
biosphere the better it will be able to support
us. The sun is the most abundani ETIETEY
source available, it is free and its direct use
does not harm our biosphere, where as man
made power plants are destroying it.

food chain

Through photosynthesis, the sun's energy is
stored in plants, and can then be used by
animals, including humans, for their energy.

Thousands of plants become the food for
hundreds of small creatures who are eaten by
scores of larger creatures, who are eaten by
single large predators. In a natural commu-
nity, there are just enough of each type of
organism to feed the next group and still have
enough survivors to propagate the species.

38

The intertwinings of life, death and decom-
position are continuous natural life cycles,

production

The inclusion of greenhouse space in the
Earthship design brings some of these
processes into everday life, and in doing se,
also conserves the energy of commercial food
production. Energy does not need to be used
for centralized growing of food, (possibly
using very much of it to raise livestock), then
packaging and transporting the food products
to a local market, refrigerating them, and
finally bringing them home. By nterlacing
our homes with natural phenomena, they can
produce much of the food we need, thereby
greatly reduce general energy consumption.

Geothermal

The earth is not only heated by the sun, but is
heated from within. The tremendous pressure
of gravity pulls the entire mass of the earth ta
its center, creating heat and melting rock into
magma. The result is called georhermal
energy.

Ciround Tem perature

Al even the outermost layers of the earth this
heat can be felt. Just four feet below the
surface, the ground rtemperature remains
remarkably constant, especially compared o
climatic conditions above the ground. At a
tour foot depth, the temperature is usually
between 55 and 60 degrees F, which is much

i
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more comfortable than weather conditions of
both summer and winter. By tapping into this
natural thermal constant, the Earthship can
remain consistently comfortable, because this
15 only 10 degrees away from the North
American comfort zone of 70 degrees. The
Earthship tempers this natural constant up to
70" in the winter via heat from the sun. In the
summer, this massive constant tends to drag
the 100" air temperature down to 707,

LOCATION-DEPFTH

IN NEW MEXICO, THE DEEPER AN EARTHSHIF
CAN BE SUBMERGED INTO THE EARTH, THE
EASIER 1T WILL BE TO MAINTAIN A
COMFORTABLE TEMPERATURE.

SUN LIGHT

A SUNKEN GARDEN OR "PIT" MAY NEED TO BE
DUG IN FRONT OF A SUBMERGED EARTHSHIP
S0 THAT DESIRED SUNLIGHT IS NOT BLOCKED,
MANY UNDERGROUND BUILDINGS HAVE BEEN

20

BUILT THROUGH THE YEARS. IT HAS BEEN
CUSTOMARY TO INSULATE THESE BUILDINGS
AWAY FROM THE EARTH. AN EARTHSHIP
MUST NOT BE INSULATED FROM THE EARTH, IT
MUST INTERFACE WITH IT, THUS TAKING
ADVANTAGE OF THIS TREMENDOUS THERMAL
CONSTANT.

WATER

Water interfaces with the Earth, Sun and Air
In many ways to create and sustain life. The
Earthship must both avoid and encounter water
to provide human habitat.

Runoff

Due to the movement of ancient glaciers, water
and wind erosion, earthquakes, volcanos, and
other geological phenomena, the surface of the
earth has many peaks and valleys. The largest
and deepest valleys are full of water-they are
the oceans. Water flows from the high points
all the way down to these oceans, if it does not
flow into an underground reservoir or
evaporate first. Water also comes to the Earth
by rain. That which is not absorbed into the
ground and therefore is free to spill downhill
is called runoff. On any site there will be
some locations which have less runoff passing
over them than others, These are the better
locations for Earthships. Interfacing with
natural runoff patterns can create a dry pocker
or island for the Earthship.




LOCATION - HEIGHT ON SLOPE

THE BEST LOCATIONS ARE THOSE WHICH ARE
DRIEST - USUALLY CLOSE TO THE PEAK OF THE
HILL. WHERE THERE WILL BE NO WATER
RUNOFF FROM HIGHER PLACES,

OBVIOUSLY, NOT EVERYONE CAN LOCATE ON
THE PEAK OF A HILL, 50 RUNOFF
LANDSCAPING MUST BE EMPLOYED. THE
MOST CRITICAL ISSUE, IS TO NOT LOCATE THE
EARTHSHIP WHERE THERE WILL BE A LOT OF
WATER RUSHING TOWARD IT. RUNOFE
SHOULD BE CHANNELED AROUND THE
EARTHSHIP. AVOID PLACES WHERE WATER
COLLECTS.

40
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Water Table

Water that is absorbed into the ground may be
absorbed by roots of plants or may percolate
down into underground voids. Under almost
any site there will be some water, although it
may be hundreds of feet down. The depth of
this moisture is called the water table. Often it
is within 10 feet and may be only a couple of
feet down on a wet site,

WET SITES MUST BE AVOIDED, AN EARTHSHIP
MUST BE AT LEAST FIVE FEET ABOVE THE
WATER TABLE! RECORDS ARE OFTEN KEPT
FOR THE AVERAGE WATER TAELE OF A SITE,
AND FOR THE HIGHEST POSSIBLE WATER
TABLE IN THE SPRING. THE BEST THING TO DO
[5 TO HAVE A HOLE DUG, IN THE HEIGHT OF
THE SPRING RUNOFF SEASON, DOWN BELOW
THE LOWEST POINT THAT THE EARTHSHIP
WILL POTENTIALLY OCCUPY.  IF THE EARTH
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FIVE FEET BELOW THE EARTHSHIF FLOUR 15
TOTALLY DRY, THERE SHOULD BE NO
PROBLEM, IF WATER IS5 DISCOVERED, THE
FLOCR SHOULD BE PLANNED TO BE WELL
ABOVE IT, OR ANOTHER LOCATION SHOULD BE
CHOSEN.

AN EARTHSHIP MAY EVEN SIT ON TOP OF THE
GROUND. IFIT IS DRY, AND IF AMPLE DIRT CAN
BE OBTAINED TO BERM UP TO THE ROOF ALL
ARQOUND THE HOUSE., OFTEN THE DIRT CAN BE
OBTAINED BY DIGGING A SLIGHT RUNOFF
MOAT AROUND THE EARTHSHIP,

DIRT
FROM

Springs

Springs are small, contained, naturally
occurring, streams of water. An underground
spring is to a water table as a stream is to a
lake on the surface, If an underground spring
15 discovered on the site, it can be channeled

directly through the Earthship to be used for
plants, humidity, etc.

Rain

Since Earthships interface with existing runoff,
their roof water can be combined with runoff
patterns and caught in cisterns (catch water
systems) for domestic use.




Wells

If enough domestic water is not made
available via springs and/or cisterns, then a
well 15 necessary.

In this case, the well can be pumped with
electric energy harvested by the power system
of the Earthship, which can be sun or wind
generated, Sun power systems are a result of
photovoltaic panels on the southern face of the
vessel. Wind devices can be incorporated into
the structure 1n the areas where the wind is a
reliable source of energy.

AIR

Air plays an important role in the processes
that support life. ‘There are also patterns
and characteristics of air movement which,
when aligned with, enhance the livability of a
human habitat.

Respiration

Carbon dioxide must be present for photosyn-
thesis in green plants. By-products of this
process are oxygen and water vapor, which
can be used in the respiration of animals, whao
exhale more carbon dioxide. On a huge scale,
there is a global breathing exchange going on
between all plants and all animals. By
cutting down the rainforests, we are
cutting off our own oxygen supply.

The breath exchange can take place on a small
scale inside an Earthship.

Wind

Wind is created by the uneven solar heating of
large masses of air. The air rises as it gets
heated, pushing and pulling the air masses
around it.

4
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Often wind is predictable due to climatic and
geographic conditions, and will come from one
direction most of the time. If there is such a
prevailing wind, it can be interfaced with, for
ventilation or power. For ventilation, a raised
opening facing away from the wind will draw
air out of the house as wind blows over the
opening. For power, the arms of a windmill
can turn a generator, which creates electricity
for use or storage.

Stratification

As a fluid (liquid or gas) is heated, il rises: as
it is cooled, it settles. This produces what is
called stratification. If the warmer air at
the top of a space is allowed to escape,
cooler air will be pulled in, if there is
an inlet, Earthships have a high operable
skylight and a low window in each room

A7

to allow warm air to escape and cool air to
be drawn in,

This also allows individual air movement
control in each room. Ewven when the hot sun
is "charging up” the mass, enough natural
ventilation ¢an be allowed to keep the space
comfortable and full of fresh air.

Through interfacing with the wvarious
phenomena discussed in this chapter, the
Earthship provides an inviting, comfortable
environment for humans and plants without the
need of human-made energy. The phenomena
around us can provide for all of our needs if
we learn to align with them.



LOCATION — REVIEW

We have now seen various ways of interfacing
with the four elements; FIRE, EARTH,
WATER and AIR. The result is that these
natural phenomena have actually determined
the design of the Earthship in northern New
Mexico. Many methods of interfacing would
be the same in any climate. For instance,
water run-off 15 dealt with similarly in Flornida
and in Ontario. One of the major aspects of
the Earthship is that it holds temperature (not
just heat). This 15 why 1t can be taken
anywhere - hot or cold. Some methods of
interfacing would be different in differing
climates, The most basic modifications for a
few climate extremes will now be discussed, If
vour climate is a combination of these, the
Earthship should be designed for the most
extreme conditions.

HOT ARID

NO SOLAR GAIN IS WANTED IN A HOT ARID
CLIMATE. TO ACHIEVE THIS, THE EARTHSHIP
1§ TURNED AROUND TO FACE THE NORTH.
PLENTY OF REFLECTED LIGHT CAN STILL
ENTER THE INTERIOR SPACES, WITHOUT THE
DIRECT HEAT OF THE SUN. THE COOLNESS OF
THE EARTH CAN STILL BE TAPPED INTO. THE
60 DEGREE EARTH CAN COOL INCOMING 100
DEGREE AIR BEFORE IT REACHES THE LIVING
SPACES. HIGH CEILINGS WILL KEEP THE
WARMER AIR OVERHEAD. FURTHER COOLING
CAN BE ATTAINED BY EVAPORATION, USING

FOUNTAINS OR EVEN CLAY JUGS OF WATER.
PLANTS HELP TO LOWER AIR TEMPERATURE.
HOWEVER THE FOOD PRODUCING AREA
SHOULD BE SEPARATE FROM LIVING AREAS
S5INCE IT REQUIRES DIRECT SUNLIGHT.
EITHER A ROOF GARDEN OR A SOUTH FACING
GARDEN WOULD WORK.
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HOT HUMID

THE EARTHSHIP SHOULD ALSC BE TURNED TO
FACE THE NORTH IN THIS CLIMATE. THE
CRITICAL FACTOR HERE IS VENTILATION FOR
COOLING AND EVAPORATION. AIR PASSING
OVER OUR SKIN HELPS PERSPIRATION TO
EVAPORATE, THUS COOLING THE BODY. THIS
CONCEPT CAN WORK TO COOL AND REDUCE
HUMIDITY IN AN EARTHSHIP. TO HELP INDUCE
VENTILATION, A DARKLY PAINTED STACK
WITH THERMAL MASS BUILT IN TO IT CAN BE
USED. IT WILL COLLECT HEAT DURING THE
DAY AND SLOWLY RELEASE IT AT NIGHT. THE
AIR INSIDE IT WILL THEN BE WARMED UP AND
RISE, PULLING MORE AIR BEHIND IT. THIS
INDUCED AIR MOVEMENT KEEPS THE
EARTHSHIP VENTILATING CONTINUQUSLY.
ROOFTOFP SPACE CAN BE USED AS AN
UMBRELLA TO SHADE THE INTERIOR BELOW, A
LOW-MASS ATTIC WILL NOT HOLD HEAT AND
WILL ALWAYS COOL OFF AT NIGHT, AGAIN.
SUBMERGING INTO THE EARTH WILL HELP

a4 =

DRAG DOWN THE AIR TEMPERATURE,
HOWEVER IN HUMID AREAS MORE ATTENTION
MUST BE GIVEN TO GROUND MOISTURE.
LOCATING THE EARTHSHIP ON HIGH GROUND
IS IMPERATIVE,

Tolow mass | : Fhl et e
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A TEMPERATE CLIMATE MAY BE A NATURAL
CONDITION THAT 1S NEARLY COMFORTABLE
FOR HUMAN HABITAT, THE MASS OF THE
EARTHSHIP WILL BUFFER ANY TEMFPERATURE
EXTREMES THAT DO OCCUR. THE MASS TO
VOLUME RATIO IS NOT VERY CRITICAL 50 THE
ROOMS MAY BE DEEPENED AND WIDENED TO
THE MAXIMUM THE STRUCTURE WOULD
ALLOW. THE GLASS DOES NOT NEED TOQ BE
SLOPED, AND THERE CAN EVEN BE AN
OVERHANG TO SHADE THE INTERIOR FROM
UNNEEDED SUMMER SUN. HERE THE
SOMEWHAT REDUCED MASS WILL SIMPLY EE
USED FOR A STABILIZING EFFECT ON THE
COMFORT ZONE.
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The Earthship is designed for cold climate
conditions. For extreme cold, the depths,
widths and heights of the spaces should be
decreased to increase the mass relative to the
air volume. The angle of the glass should be at
90 degrees to the lowest winter sun. The

building should be submerged into the earth as
much as possible.
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Overhangs should be avoided as they effect
spring and fall heating potential. Airlocks(see
chapter 3) should be considered. Bathrooms
should be on the solar face. Earth parapets

should be very thick 10 keep structure below
frost line,

The Earthship can be taken anywhere. It is
designed for extremes. Solar Survival
Architecture is available for consultation on
Earthship location for unusual situations.
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3. DESIGN

FOLLOWING THE DIRECTIVES
OF CONCEPT AND
NATURAL PHENOMENA

- The basic module
- How these modules can be
combined to design a house

Fast cars are designed in wind tunnels, i.e. the
wind dictates the design of the car. Likewise,
natural phenomena dictate the design of an
Earthship. The design schematic of existing
Earthships is presented in this chapter as it
relates to local phenomena. Within these
parameters, personal needs and desires are
dealt with. The issue of performance versus
tradition is discussed from the perspective of
"Live simply so that others may simply live."

A7



Chapters One and Two have described the
concept and the methods of interfacing that
have evolved into the Earthship. They have
shown how the elements through their very
nature c¢an determine the nature of the
architecture. Interfacing with these
phenomena delineates the form of the simple
module which can provide for the basic human
needs of shelter, water, oxygen, food,
temperature and energy.

This chapter will review the parameters of this
module, and show how these modules can be
combined to design a house.

MODULE REVIEW

The module, itself, is an individual U-shaped
space or room, with mass on three sides, glass
on the fourth, and a skylight in the ceiling
above the U of mass. Earth is bermed up on
the outside of the mass walls for even more
mass.  Often the U shape is partially
submerged as well. In places where heating is
required, the wall of glass 1s oriented to the
south and sloped for maximum solar pain on
the coldest day of the year. Because the
modules are U-shaped, they will often be
referred 1o as "U's."

-----

SKYLIGHT
ABODVE

EARTH
BERM

The module is actually constructed in two
parts: the U (three mass walls), and the
greenhouse (the glass wall),

EARTH
BERM  SKYLIGHT  "U” MASS WALLS  GREENHOUSE

The mass U is the main living space for
humans, and the greenhouse is the main living
space for plants. The greenhouse is always in

48
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sun, whereas the U space has the potential of

sun control.

This module can be as small as anyone wants to
build it, but it should not be larger than 18 feet
wide by 26 feet deep. The 18 foot dimension
is the largest recommended span between the
mass walls, because longer spanning structural
members are uncommon and expensive. The
26 foot dimension is as deep as the module can
be and still be comfortably warm. If the total
area of the room exceeds these dimensions, the
volume of air space becomes so large that the
surrounding mass can not keep it within the
comfort zone of 65°-75%,

RULES OF COMBINATION

The module is not a house, but is an individual
room. This room ggnnot be expanded to make
a house, but must be multiplied. A house is
therefore a collection of modules, strategically
placed in relation to each other and the site.
There are, however, some specific rules of
how the modules can be put together,

Straisht Row, East W
U's can be constructed right next to each other
with exactly the same solar orientation, and
shanng a common mass wall. The greenhouse
then becomes a hallway, the means of
circulation from one U to any other. It also
acts as a heating duet, since it is where the

A

direct solar heat gain collects. The greenhouse
can actually be closed off from some U's while
remaining open to others. It is the main
circulation vein and the heating duct for
servicing the individual U's. This allows the
U's to maintain their simplicity and mass
without the expense and lack of performance
that other circulation patterns would bring.
The simple module is preserved.

GREENHOUSE / HALLW AY / HEATING DUCT
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As was shown in chapter 2, individual U's can
be stepped back from one another without
causing shadows on the glass of the adjacent
U's. The back U can be located far enough
over so the connecting glass is within the
effective winter azimuth angle. This angle is
derived by the location of the winter sun
between 10 AM. and 2 P.M. It is between




these times that the sun is most effective for
heating. In northern New Mexico, this is a 60°
angle. The space generated between the U's
can become a very thick mass wall, or an
indirectly heated utility space. All major
living U's should get full sun across their south
side between 10 AM and 2 PM.
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The results of this kind of combination are
much like those of the straight row, The
greenhouse becomes the circulation hallway
and a heating duct, connecting the simple U
modules.

Straight Step- On_Slope

Two U's can be put one behind and above the
other, making them like steps on the slope of
the site.
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Each level can still be insulated all around by
earth, and can still have the full height of glass
on the solar side. The roof of the lower U can
then become a deck in front of the U above. It
is necessary to have a sloping site for this kind
of combination.
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Many U's can be combined in this way, There can be an overlap between steps,
creating a square grid of U's, in plan, that step creating a space in the middle that is 2
up the slope. stories high inside. This is good for fruit

and nut trees.

The "greenhouse / hallway / heating duct” still
functions as in the previous examples, thus
again leaving the simple modules intact.






