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Chapter One

New Alchemy:
Where It All Began

Suppose there were a clever global pollster, assigned to travel the
world, questioning people in places as disparate as the far reaches of the
Australian outback, or in downtown Detroit, on one of the Greek islands
possibly, or in Brazil or on a rural Chinese commune. Suppose the object of
the study was to learn what, if anything, is universal to the human experi-
ence—what it is that matters to people ultimately. Would there be any com-
monality of response? Would it be that, after relief from deprivation and
suffering, most of us would name love, concern for our children and
families, hopefulness, peace of the heart? Or would it more likely be pos-
sessions, wealth, power? It seems possible, were we to answer truly, that we
would most want those intangibles without which all other achievements
eventually prove barren. Yet, as world events attest daily, as a species we be-
have as though power and material objects alone were worth our striving.

This is a book about ecological design. By this term we mean design
for human settlements that incorporates principles inherent in the natural
world in order to sustain human populations over a long span of time. This
design adapts the wisdom and strategies of the natural world to human
problems. Implicit in this study there is a larger question—what is the role
of humanity in the greater destiny of the Earth? As scientific research con-
tinues to discover, all of us who inhabit this planet share the same kind of
genetic material. In terms of biochemical make-up and genetic structures,
the similarities between the human being and the bacteria, for example,
are greater than the differences. The illusive and pervasive issues of how
human beings, as the only self-conscious species, are to live in the world is a
logical outgrowth of our new biological knowledge. Even if the present
path of industrial society held much promise of survival, which we feel it
does not, it is a violent and unhappy world. A reevaluation of the way hu-
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mans place themselves in the larger world seems timely, if not overdue.
Inrecent years people everywhere have been experiencing areawak-
ening realization of the Earth as a planet, alive and beautiful beyond words.
Photographs from space have affirmed its incandescent uniqueness. Scien-
tists, ecologists and environmentalists are steadily increasing our knowl-
edge of its complexity and vulnerability and are rapidly restructuring our
understanding of it. Over much the same period our own research in ap-
plied biology and biotechnology has led to an emerging synthesis of pre-
cepts by which the present human community could sustain itself indefi-
nitely without destroying its basis of living support systems. Itis a claim, we
think, that could not be made for currentindustrial cultures. Co-evolution-
ary with a reawakening sensitivity to the life of the planet there has devel-
oped a series of insights, methodologies, and technologies that make it pos-
sible to create a post- or meta-industrial society without violating funda-
mental ecological integrity. This ability is as unprecedented as it is timely.

New Alchemy

Our own work in ecological design began many years ago with the
New Alchemy Institute, a research institute on Cape Cod, which we
founded with the aquatic biologist and writer William O. McLarney in
1969. Although it is not within the province of this book to recount in detail
the terryifying and all too probable threats that imperiled the world then,
and more so today, the litany of woes, headed by nuclear war and wide-
spread ecological disaster that prompted us to take some sort of action at
that time remains long and familiar. Barring cataclysmic events, we con-
front daily an unrelenting array of humanly created problems. The arms
race, local war, industrial and agricultural pollution, contamination of air,
land, and water, nuclear meltdown, acid rain, deforestation, desertifica-
tion, famine and homelessness are far from ephemeral spectres. They are
directly and achingly real to many people in many parts of the world and
indirectly affect everyone. Yet it is the same haunting threat of rapid or
gradual extinction of much of life on Earth, at least in its larger forms, that
has been a catalyst and context for many changes, some of them hopeful,
which are beginning to take place. This threat was certainly instrumental to
the birth of New Alchemy, and for the thinking and the work that we shall
be discussing throughout the book.

In 1969, compounding the ongoing crises of the Vietnamese War
and conflicting social issues of the late sixties, there was an unremitting flow
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of information about the destruction of the environment. The word ecol-
ogy, which, like economy, is derived from the Greek OIKOS, meaning
household or home, was being adapted into the general vocabulary. Unlike
the term environment, which denotes one’s surroundings in an objectified
sense, ecology by its very inclusiveness implies interconnectedness. This
word’s incorporation into daily language was some indication of a dawning
realization of the complexity of the human interaction with the natural
world.

About that same time we were fresh from a more directly experien-
tial event that also had shaken us and given us a realistic sense of our own
capabilities. Friends renting a small ranch in the hilly country west of San
Diego in California and just north of the Mexican border had asked us for
help in studying the ranch so that they could grow toward self-sufficiency
in food and energy. Spending time in the dry, sun-drenched hills there, we
came to realize that, given the lack of water and almost non-existent soils
where only manzanita bushes seemed to flourish in quantity, we had no
idea how our friends should proceed. Academic credentials and training in
biology were no help in redefining the human place in what had initially
seemed a hospitable landscape, at least not within the framework of the
ecological ethic. We decided then to undertake an intensive study of the
land to examine as many of the aspects of the environment as we were able
to. We collected, studied, and catalogued soil samples, soil animals, insects,
plants, shrubs, and rocks, and noted trees, birds, animals, and other fauna.
Very slowly, some relevant clues begam to emerge. Midway up a small
gorge we found a plant, the roots of which are known to seek out moisture,
indicating the presence of a hidden spring. Below, where the gorge began
to flatten out, there was a live oak tree surrounded by an association of
plants that included miner’s lettuce which we learned required good soil.
With this discovery of a source of water and suitable soil, establishing a gar-
den and a move toward food production became a possibility. If the spring
were to be tapped as a source for irrigation and fish ponds, then gardens,
poultry and other livestock, and eventually orchards could be integrated
and an agricultural ecosystem could become an achievable goal. Our hope-
ful prognosis for the ranch had an abrupt but unhappy end, however, for
the rent on the land was raised unexpectedly to well beyond the means of
our friends. Shortly afterwards bulldozers appeared on the crest of the hill
and began levelling for a colony of weekend cottages.

We emerged from the experience realizing the need for a more se-
cure basis for research. This combined with a desire for the flexibility and
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freedom to begin to search for relevant knowledge, new and lost, led us
outside established academic and scientific institutions to consider an orga-
nization of ur own. Our initial impulse was to become disseminators of in-
formation, thinking, naively, that this would trigger the necessary reform.
We became involved in communication with other like-minded people—
biologists, naturalists, students, environmentalists, parents, anyone simi-
larly concerned. But even as we decried, privately and publicly, the waste-
fulness and destructiveness of many of the practices of industrial societies
we had little to suggest in the way of other possibilities. We began to ponder
the possibilities for ecological analogues to the current, biologically insup-
portable, industrial methods for sustaining the people of the world. We
wondered whether humanity could ever hope to exist again in a mutually
supportive and beneficial way within the biosphere. This question, once it
had articulated itself, persisted. It gnawed at our minds and expanded to
become the underlying intellectual paradigm on which we were to found
New Alchemy.

Accepting the likelihood that there were no existing institutes that
would allow us the freedom of crossing disciplines, setting different values
and priorities as the basis of our work, and looking at biology and agricul-
ture in a larger social and cultural context, we created our own fledgling in-
stitute, adopting as we did so a credo that may have appeared pretentious
or absurdly quixotic. It was and remains utterly hearttelt. Our logo read:

“The New Alchemy Institute.

To restore the land, protect the seas,

and inform the Earth’s stewards.”
Our approach to so large and amorphous a mandate was to translate it into
research which would show how to affect a shift to a more ecological basis
for the provision of basic human needs. This was the work we began when
we, and soon afterwards Bill McLarney, crossed the country and rented a
twelve-acre farm in Massachusetts. New Alchemy settled in on its Cape Cod
center in late 1971.

There were only two paid staff members who did the administrative
work when we first moved onto the farm. Everyone else then, the half
dozen regulars we considered staff, including Bill McLarney and ourselves,
had jobs at The Woods Hole Oceanographic Institute or elsewhere. The
rest of the work and the maintenance was done by volunteers and friends
who gave what time they could. Perhaps by dint of the fact that it was
exploring the potential of a new paradigm, New Alchemy, from the begin-
ning, was difficult to fit into existing funding structures. It remains so
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today, with a core staftf of twenty-two and a long record as an innovative re-
search and education organization. Although several of the staff com-
manded large grants when they worked in established academic and re-
search institutions, New Alchemy consistently has had to struggle to stay
alive financially. Over the years the work has been, and continues to be, car-
ried on by staff who may see months go by between pay checks, and by ap-
prentices and volunteers.

To investigate a question as large as an alternative means for provid-
ing basic human needs, the research was divided into the tangible and
more approachable areas of food, energy, and shelter. Starting quite liter-
allv, from the ground up, we discovered that to work in food production we
had first to manufacture topsoil to augment the meagre layer already exist-
ing on the sandy, glacial terminal morrain which forms Cape Cod. As we
did so, we planted the organic vegetable gardens that have been the focus
of many years of experiments. Subsequently, the agriculture program has
expanded into research in many other areas including tree crops, a type of
tarming that is a logical adaptation to the natural state of Cape Cod. Young
orchards were started, as well as stands of trees for lumber, fuel, manufac-
wure. and food for livestock.

The other major branch of our researchinintensive food production
wasinthe field of aquaculture, the culture of fish and aquaticanimals. Aware
of the growing protein defienciency in the diets of people in so much of the
world, we began research into methods of producing protein resources
that were both economically accessible and ecologically benign. In investi-
zating possible alternatives to nuclear and fossil fuel energy, our work has
been mainly with the renewable sources of the sun and wind. Windmills,
inoking, as one of the group put it, “like steeples of a solar age,” and small,
sun-trapping domes have dotted the New Alchemy landscape since its first
summer. Our efforts proved encouraging in both agriculture and aquacul-
zure within a relatively short time. We began to see a great improvement in
the soil and good-to-excellent yields from the gardens and the sun and
wind-powered fish ponds. We were emboldened to go on to the issue of
shelter—to try to create an integrative form of architecture that would in-
corporate renewable energies and biological systems in the form of grow-
ing areas for plants and fish.

From early on our work found unique direction in this harnessing of
wind and solar energy to power biological systems. We built a number of
variations of small translucent structures that were both greenhouse and
aquaculture facilities. They were microcosms that absorbed and intensified
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the pulses of natural forces to provide food and an optimal environment
for life forms ranging from soil animals, to plants, to fish, to people. As one
design improved on another we evolved what was named the bioshelter,
the structure at the core of much of the achievement of the Institute during
its first decade. Beyond the Institute, it has been amajor catalystin exploring
the fruitfulness of a marriage between biology and architecture. Itis at the
core of most of the design concepts to be described throughout this book—a
harbinger for new directions in public buildings, commercial greenhouses,
private and aggregate housing, and year-round community gardens.

Whether it was timeliness or Fortune that smiled on us, New Al-
chemy’s work was recognized in a shorter time and on a larger scale than we
would have conceived possible in our first seasons. By 1976 we had de-
signed and built two large bioshelters.' One was on Prince Edward Island in
Canada, established in cooperation with Canadian Federal and Provincial
authorities, as a part of conserver society policies. The other was on our
farm on the Cape and designed in collaboration with Solsearch Architects.
Although bioshelter has become a generic name for such structures, we
chose, more poetically, to call them respectively the Prince Edward Island
and Cape Cod Arks. As the cell is acknowledged as the basic building block
in organic evolution, the bioshelter is likely one day to be seen as a basic
building block in ecological design. The Ark in Canada was opened with
considerable fanfare, attended by Prime Minister Trudeau and the then
Premier of Prince Edward Island, Alex Campbell. The building remains
well ahead of its time as an experiment in systemic design and in the incor-
poration of biological elements into a structure that was greenhouse, aqua-
culture facility, and residence for the people who worked in it. Seen in ret-
rospect, what we were acknowledging at the opening of the Ark in Canada
was a turning point in integrative architecture. After several years of our
own research there, monitoring and testing the building, we turned it over
to provincial authorities and it is now a commercial trout-raising facility
and hatchery.

After 1976, a great deal of research was done in both Arks on interior
climate, energy requirements, soil, and vegetable and fish production as
well as overall performance. In the Cape Cod Ark an elaborate monitoring
system was installed with seventy-six sensors relaying information on the
ongoing state of the building to a central computer. Both it and its Prince
Edward Island counterpart weathered their first, unusually severe winters,
without resorting to other than solar heat except for a woodstove in the liv-
ing area of the Canadian Ark. Assessing and extrapolating the ongoing per-
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tormance and productivity of the buildings, we were able to pronounce the
Arks viable beyond our early hopes. They were independent of outside
energy sources for heating and cooling and yielded well throughout the
vear. portending an economic base for future replicas.

For almost all of the same period New Alchemy concepts were being
researched and tested simultaneously in Costa Rica. In 1973 Bill McLarney
tounded NAISA (New Alchemy Institute Sociedad Anonima). It consists of
& small farm located in the Atlantic lowlands, on the Caribbean coast, just
north of the Panamanian border. NAISA is an integral part of the Gandoca
community there. While maintaining a lifestyle absolutely consistent with
zhat of his neighbors, Bill has been able to bring considerable financial aid
and technical innovation into the area. For all that, NAISA remains a Costa
Rican organization with in-country directors and local staff and appren-
sices. Its principal mission has been to integrate locally defined rural devel-

-pment and ecological conservation, which involves work in aquaculture,
agricultural crop diversification, and local economic development. Al-
-hough NAISA is completely independent, there is considerable exchange
~etween it and New Alchemy on the Cape in terms of staff, apprentices,
and information.

On Cape Cod the Institute has expanded until now, with the excep-
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tion of the small public library and reading rooms, every inch of the farm-
house is crammed with desks and otfices. The old dairy barn houses not
only a workshop and storage areas, but a lab, a computer facility, and a
newly completed super-insulated energy education auditorium which dem-
onstrates the most advanced materials and concepts in conservation. From
a starting point behind the house, a series of signs steers ten thousand vis-
itors a year through a self-guided tour of the farm. The education and out-
reach program offers a number of guided tours as well. Beyond the lawn
and the row of experimental bioshelters which dot the hill overlooking the
garden sits an innovative pillow dome (so named because its translucent
skin is divided into hundreds of tiny pillows) that was honored at its open-
ing in June of 1982 by the presence and approval of the late Buckminster
Fuller.

Although the bioshelter research, because of its contained nature,
lends itself well to description, the agricultural work on the farm also pro-
duced encouraging results. Yields of organic vegetables on the steadily im-
proving soil tripled Department of Agriculture averages. Some of the aqua-
culture in solar driven tanks rivals world production records. Farther back
from the gardens, and away from the house, are extensive herb gardens
and a growing orchard of young fruit and nut trees continually tested for
adaptability to the Cape’s climate and soil. The experiment continues be-
hind the barn where many more trees, food-producing and nitrogen-fixing
shrubs, and many different species of bamboo, are all patrolled regularly
by a vociferous gaggle of weeding geese.

Although the present Institute has been pronounced by U.S.
Senator Paul Tsongas as “an 1sland of reason is what otherwise is a rather
dismal scene in this country,” a visitor arriving at the farm some years from
now is likely to see as great a difference again as one from the early years
would see now. Just as then a few of us then could envision not just a neg-
lected farm on a wooded oasis in the midst of suburbia, but a synthesis of
ecological design through faithfulness to the integrity of the natural world,
present New Alchemists see beyond the Institute of today to the one it can
become. Then only renewable energy will be used as a source of power.
The trees will have grown to yield fruits, nuts, animal feeds, fuel, and build-
ing materials. The forest stands, like the fish, fresh and smoked, and the
produce from the gardens and the bioshelters will find ready local markets
and be a major source of economic support for the Institute and its staff.
The farm will have become a model of what is possible in the wooded north-
east, its ecosvstem having proceeded through the phases of ecological suc-
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cession to a near climax state where the soil and plant communities are re-
newed and maintained in an ongoing productive yet stable condition. As
sur farm in the image of the forest reveals a pattern of sustainability for our
own bioregion, the hope is that the same kind of thinking and observations
2an be applied to other areas to create farms in the image of the prairie, the
Adesert, or the savannah.

By the end of its first decade, pooling the promising results of New
Alchemy’s research with that of others in related fields, we began to feel
-hat we had achieved an affirmative answer to our original question. An al-
zernative, ecological human support base was feasible®. It was a sound idea
2o look to biology as a basis of design. We see this as an informed affirma-
1on of the regenerative capabilities of the planet and of the human role as
:zewards of the Earth. For those of us who accept its validity, it engenders
= new and hopetul way of looking at the world. Unlike present industrial
practices, it is reversible. We can afford mistakes. Failures can be recycled
into more useful forms and tried again, leaving open the possibilities for
continual choice. The thinking that underlies the ecological paradigm is
‘ess a linear Cartesian model but rather of the mode that can best be envi-
sinned by the hologram, embodying ceaseless mutual causality and inter-
dependence. If information can be defined as a difference that makes a dif-
terence, the work done at New Alchemy can be considered to have helped
i create a new piece of information, a variable in the overall fund of
auman knowledge. It represents a new way of knowing. It has reinforced
~ur own conviction that a smoggy guttering out of life is not inevitable, but
~ecomes, through non-action, a choice. This conviction has found strength
:n1 the results of the work of countless other like-minded groups around the
world in agriculture, ecology, cybernetics, materials science, physics, and
humanistic psychology, economics and politics. Should the ecological
paradigm become, as it could, a governing world view and trigger adaptive
hehavior in significant numbers of people, we would find ourselves with a
renewed promise for the future.



Chapter Two

From Bioshelters to Solar Villages
To Future Human Settlements

The years with New Alchemy, culminating in the design and build-
-z of the Arks, laid the foundation for our work in ecological design. It be-
~-e rounded out for us intellectually as word of our research and its impli-
-=w~ns for the workability of an ecological paradigm began to spread. New
~-:nemv’s credibility became established. We met a number of people who,
- ~ugh their writings, had been our mentors when we had been establish-
2 the underlying intellectual framework of the Institute. Among them
»=~¢ the economist E.F. Schumacher, author of Small is Beautiful, historian
-~ 2=ocial critic Murray Bookchin, cultural historian William Irwin Thomp-
= Whole Earth Catalog and Co-Evolution Quarterly editor Stewart Brand,
~.kminster Fuller, anthropologist/ecologist Gregor\ Bateson, and anthro-
« 213t Margaret Mead. From all of them we received approval and en-
~ragement. Gregory Bateson made what was to us the most memorable
<=7 heartening statement of reinforcement when he pronoumed what
‘«+a Alchemy stood for—"an epistemology with a future.”
For several years during this period in the mid-seventies, William
.—=1n Thompson had been urging people working in futuristic concepts to
~.oaan larger terms and to reconsider the nature of human settlement. He
aziowated a post- or meta-industrial village, which he called the deme, as the
-ew: unit for design. It was Margaret Mead, however, who was the mostim-
rediate catalyst for the next stage in our work. Shortly before her death
<~ sent for us to explain that she thought that the time had come for New
L nemv's work to be applied on a much broader scale. Her message, in es-
~=:e. was that the creation of the bioshelter had been a good piece of work,
wsetul and relevant, but at the level of the private structure or single family
= izse it was limited. Most of the people in the world would neither be able

vl l;l 4
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to afford one nor have access to one. She felt we must begin to envision the
same kind of integrative architecture at the level of the block, the neighbor-
hood, or the village.

It was a challenging legacy. We could not, nor would we, have re-
fused. It was a major next step conceptually—the question of how to take
the idea of using biology as the model for design, which had proved work-
able on a small scale in an experimental setting, and begin to apply it on a
much broader scale. Our first response was to ask people from a range of
disciplines to join us and the New Alchemists to meet together and ponder
the question for several days. In April of the year following Dr. Mead’sdeath
we convened a conference entitled, The Village as Solar Ecology: A Generic De-
sign Conference'. We dedicated the conference and the report resulting from
it to her memory.

The working hypothesis for the meetings was given in the original
proposal which stated:

“The blending of architecture, solar, wind, biological and electronic
technologies with housing, food production, and waste utilization
within an ecological and cultural context will be the basis of creating a
new design science for the post-petroleum era.”

We were not so naive as to expect that we would emerge from the
conference complete with a communicable and tangible epistemology for
the design of sustainable communities of the future. To have done so
would have been beyond the scope of any conference that did not go on for
years. At that conference, however, and in subsequent years, a number of
design precepts have emerged from our own and other organizations
which are fundamental to the planning of existing and new communities.
If we are to continue to shelter and feed the people of the world in the com-
ing centuries, we will have to design in a different way than we do now.
Gradually, these precepts are being incorporated into existing or planned
projects. In 1982 we took a further step toward implementing the applica-
tion of biotechnology when we created Ocean Arks International. Itis a
non-profit organization intended to disseminate the ideas and practice of
biotechnology and ecological sustainability throughout the world. Its first
project has been to design and build a high speed sailing vessel, the Ocean
Pickup, for use by fishermen.

That a revisioning of the way we live and think about the planet is
crucial was reinforced unexpectedly for us not long after the Village Con-
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-:-zn¢e when a young woman from the Wampanoag tribe at Mashpee,
v zssachusetts visited us at New Alchemy. As always, when the weather is
=~ taintly kind, we were sitting outside on the grass to talk. The general
-7t of our conversation was the differences in the ways of our respec-
-z cultures—hers, the ancestral traditions of the Wampanoags and ours, at
~ 3710 her eyes, those of an exploitative technological society. What she
~x2 10 us in essence was, “My people don’t understand you or why you do
"~¢ things vou do. We don’t understand why you are still trying to take
— re¢ of our land. Why must you own things. Why must you always have
~ re.” Her eyes clouded for a moment as she searched for the right expla-
- zon. then she gestured to a neaby flower bed. “A seed, a flower, a tree un-
s according to the instructions it has been given. We have always tried

ve by ours. We don’t understand yours. How you have been taught to

.=. What vour instructions are.”

Lt 1s possible that we have forgotten. What are our instructions, as a
zeople. a culture? The observation of our Wampanoag friend was
<-rangelv evocative of the words of the poet Annie Dillard, when she says in
“Teaching a Stone to Talk,” “I want to learn or remember, how to live.”” At
:=¢ Solar Village Conference a few years earlier, architect and Royal Col-
< z¢ of Art Professor in London Keith Critchlow had spoken to us of an-
ent concepts of design based on a sacred geometry of the Earth itself. The
creat circle arches, and the mathematical laws that govern the movements
-2 the stars, have found expression in form structures, building and cul-
-.re. These are the expression of the psyche of a people when the sacred is
:m underlying energizing force. Carl Gustav jung spoke of such a time as “a
—ertod in which man was still linked by myth with the world of the ancestors
:~d thus with nature truly experienced.” It is a world view long gone from
< now, but unlike our own governing mythologies of progress and mate-
-zl happiness, it held and satished minds and souls for untold ages and
zenerations. As Giorgio de Santillana said in Hamlet’s Mill, “...it lived on
:nd flowered and let the world live.”™ For longer than we can know, human-
~+ lived in a universe governed by fixed laws at once mysterious and pre-
dictable, the visible aspects of which were inhabited by innumerable un-
wen gods, spirits, and forces. Spirit and matter, humanity and nature were

ne. an original seamless, undivided dynamic unity that encompassed and
znclosed the interplay of all forces.

But then a new cosmology became dominant in the Western world.
It has taken place in a brief period, in comparison to the preceeding eons.
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This new cosmology began with some of the philosophers of ancient
Greece and evolved over the centuries to maturity in Europe during the
Age of Enlightenment. What Louis Mumford has called the mechanical
world order came to be increasingly accepted. Reflecting the thinking,
among others, of Johannes Kepler who, in 1605, wrote “My aim is to show
that the celestial machine be likened not to a ‘divine organism’ but rather to
a clockwork,” it became the basis of all scientific exploration. That knowl-
edge which could be measured, quantified, charted, and ultimately objec-
tified was seen as legitimate for study. Basing their thinking on the
philosophy of Réné Descartes, who saw a fundamental division between
the separate and independent realms of mind and matter, scientists began
to treat matter, including the living world, as lifeless and apart from them-
selves, leading to both the greatness and the folly of the idea of scientific ob-
jectivity. The influence of Cartsian duality was to further lead Western cul-
tures to think of the mind as divided from the body and from the uncon-
scious mind. It remained for Isaac Newton to complete the intellectual
domination of the mechanistic world view, by using it as the groundwork
foundation for his construction of classical physics. The philosophy and
scientific discovery of the Age of Enlightenment produced an explosion in
knowledge and provided the basis for the ever-accelerating explorations of
science. That science bred the technology that has changed the face of the
Earth. Because that technology could not have been implemented without
a world view that reflects our fundamental attitudes about life and
mechanism, we are at once its benefactors and its victims.

For a long time, certainly into our own childhood, the images of a
clockwork universe and of the natural world as functioning mechanisti-
cally, machine-like, removed and separate from ourselves held sway. It is
still not broadly questioned, but signs of discomfort with it are becoming in-
creasingly common. Feedback from the environment—scarred, denuded
hillsides, dying lakes, air murky on the horizon, miles of scrapheaps and
automobile graveyards, urban sprawl-has become impossible to ignore.
The evidence has gained sufficient proportions that it does not take a
philosopher or a specialist of any kind to wonder whether our treatment of
the natural world as immune to abuse is the best or even a safe course. Gre-
gory Bateson compared our behavior to the situation in Lewis Carroll’s
Alice in Wonderland where Alice found herself obliged to play croquet witha
flamingo for a mallet and a hedgehog for a ball. Neither the flamingo nor
the hedgehog behaved in a predictable manner, because they were alive,
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mo iewesss and inert tools, with Alice the only living variable involved in the
meew. Dr. Bateson terms 1t “an inappropriate coupling of biological
ssietes. T implving, obviously, that we treat other living systems as inert
wmmes 1 ~ur mechanical model of the universe. This led him further to ques-
= we<her information after being processed through the conscious mind
s am-goate for understanding another biological system, the behavior of
wmT = 2ased on complicated patterning on a non-conscious level.

We have not been inclined to think a great deal about the assump-
wms 1 plicit to the mechanocentric theory of the universe, the mindset of
soemss being no less immune to the pervading climate of thought than
max o€ the rest of us. We have all been nurtured in the unconscious accept-
amu= ¢ “he concept of progress and putour trustin linear modes of thought
amz = zsaliy. Itisa habit of mind that has become second nature and we are
172Nt 10 trust any other. Alfred North Whitehead observed, “Our sci-
== s been founded on simple location and misplaced concreteness,”
amz “wrence divides the seamless coat—or to change the metaphor into a
tecceeT form. it examines the coat, which is superficial, and neglects the
mwzi which 1s fundamental. The disastrous separation of body and mind
» 17 has been fixed on European thought by Descartes is responsible for
s ~undness of science.”®

For some time now there have been tremors threatening to under-
mre the edifice of Descartes and Newton and the acceptance of the strictly
zuosz nature of physical phenomena. Early in this century the general re-
arwmy theorv of Albert Einstein abolished the concept of absolute space
&z zme. and with it the mechanistic world view. Since that time the cos-

«w»zv on which we have built our political, economic and social structures
as o longer fit the theories being involved on the frontiers of scientific
~e=»nv and advanced thought. In spite of the daily evidence of our senses
<~z the quantity of information pouring in from the media, books, and sci-
+==n¢ journals—deserts expanding, forests dwindling, species vanishing at
== rate of one a day, widespread social unrest—we continue to actas though
-i-ne of this has anything to do with us and our behavior. Reports are pub-
==ed on limits to growth, on the finite carrying capacity of the Earth, on
-soression and injustice, yet economic and political strategies, both capital-
« and communist, continue to be based on assumptions of indefinite ex-
—wzitation and continued growth. This reflects our world view which was
-.2:it on now outdated concepts butis no longer cohesive with emerging sci-
=~ufic thought. Gradually, however, as general loss of faith and confidence
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are becoming evident, this paradigm is fading and another is emerging. As
the concept of a mechanistic universe and aschizophrenic attitude to nature
are relinquished, we find ourselves on the verge of a cosmology potentially
far more cohesive intellectually, more sound intuitively, and more peaceful
spiritually.

Such a realization led Murray Bookchin to state in the introduction
to The Ecology of Freedom, “Such a philosophy has always been more than an
outlook or a mere method for dealing with reality. It has also been what phi-
losophers call an ontology—a description of reality conceived not as mere
matter but as active, self-organizing substance with a striving toward con-

sciousness.”” The British physicist David Bohm has further stated that “...in-
separable quantum connectedness of the whole universe is the fundamen-

»10

tal reality.

It begins to become increasingly apparent then that with the slow
dissolving of the mechanistic world view, we are evolving a new or renewed
awareness of the universe—one that is internally consistent. No longer must
we gloss over the discrepancies between the spiritual and the material, the
sacred and the secular. The scientific paradigm points to acceptance of the
cosmic dance of Shiva and the dance of quanta—and all of us participate,
creatures of light-energy, star matter; all are dancers. The ancients watched
the sky and saw with their hearts, Eastern mystics see with the inner eye, and
now physicists have looked at the universe with telescope and microscope
and all seem to have come to a commonality of understanding. The physicist
John Wheeler maintained that the most important aspect of the quantum
principle is that it destroyed the concept of the world as “sitting out there.”
The act of observation in itself makes the observer a participator. Making a
measurement, even of an electron, changes the state of the electron to that
degree so the universe will never again be quite the same. He concluded,
“In some strange sense the universe is a participatory universe.”"!

The idea is an overwhelming one. Just as we are beginning to reas-
sume some responsibility for our actions in the context of the Earth, a ques-
tion of a larger context and consequence arises. Yet no matter how far
reaching our ultimate accountability, it seems common sense that it is here,
with the Earth and each other, that the healing must begin. And if because
we have discarded their myths we can no longer look to the ancient gods for
instructions as to how to proceed, science reembedded in the cosmology of
a participatory universe and a sense of the sacred may yet prove to be an ap-
propriate guide. Writing in his. Notebooks, Charles Darwin stated, “The
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.- > question which every naturalist ought to have before him, when dis-

« -~z awhale or classifying a mite, a fungus, or an infusorian is ‘What are
2 _aws of Life?”'* More than a hundred years later and, by his own admis-
<+ ~ ~ot much farther along with so central an issue, Gregory Bateson, in
w o znd Nature, asked the same question in different words: “What pat-
=~ :»nnects the crab to the lobster and the orchid to the primrose and all

== 7 ur of them to me? And me to you? And all the six of us to the amoeba
r ~¢ direction and to the backward schizophrenic in another? What is in
-~ zzttern.” he goes on to ask, “which connects all living creatures? . ..the
-im=mn of patterns?...the metapattern?”'® And he added that, as of 1978
« nen he wrote the book, there was no conventional way o Even DeEinmng
:- describe the tangle of the vast network of interrelationships and our ideas
zbout them which would be necessary to grapple with the metapattern. An
mntuitive recognition of such a metapattern, however rudimentary, was fun-
1amental to evolving the underlying paradigm for New Alchemy and for
z!l the biological design work there.
The chance to participate in a process so much larger than ourselves
“olds out to us, the heirs of the age of science and technology, the possibil-
v of anew set of instructions—or perhaps the eternal instructions—in a lan-
zuage, that of science, which we understand and accept. The Native Amer-
-~an spokesman, Chief Black Elk, once declared that “All life is holy and
2 wod to tell” but we chose not to listen.'* Yet we cannotignore the rest of life
definitely. Our understanding must grow to encompass a union of nature
-d culture in which the sacredness of all life is honored. As long as we saw
- other life as outside and apart from ourselves, we treated it carelessly.
_mbracing the interconnectedness of all life, we can again weave together
-~ rift between sacred and secular, and the totality will be seen as sacred.
- =rhaps, now, with a synthesis of knowledge of fields as disparate as quan-
- .m physics, astronomy, ecology, religion, holography, anthropology, and
-z contemplation of sacred art, architecture, and geometry, certain harmo-
- =< are beginning to be heard, or heard again, and our sense of the world,
-:.:ner than being cacaphonous and diffuse with the claims of economists
.~d environmentalists, communists and capitalists, the secular and the sa-
-=d. begins to make more sense, to ring true. Perhaps a cosmology thatis at
~..¢ bevond memory and still just out of reach of present knowledge, yet
- mehow alive within us, is unfolding. The stars are still there to remind us
-z we are both trivial and non-trivial. One way of reaching out toward
- =il we want to bring into being is a careful reassessment of how we are to

1

tr




Bioshelters, Ocean Arks, City Farming

live; where under the shining sky, in what relation to the sun and the solar
winds, and how we are to best care for the living, celestial matter that is the
small portion of the Earth on which we find ourselves.



Chapter Three:

Emerging Precepts of
Biological Design

From the kinds of work, from the experimentation and the observa-
s1ons of our years at New Alchemy, we began to evolve a way of looking at
ind thinking about the world, an epistemology, to use one of Gregory Bate-
son’s favorite words. As we began to apply this type of mindset, initially to
problems at the Institute and subsequently, on a broader scale in many
parts of the world, it became evident to us that we were creating a series of
precepts for biological design that could serve both to teach such concepts
and to make them replicable in different settings. The articulation of these
zuidelines for design grew from the confluence of New Alchemy’s work
with that of a number of other people who had been thinking along similar
:nes. The formulation of these early precepts as they are applied and
zested will contribute, in time, to the creation of a science of applied bio-
:echnology which will serve in turn as a foundation for future design.

Precept One
The Living World is the Matrix for All Design

Although the myriad life forms, processes and natural cycles of the
Earth have been thoroughly studied and documented, the question of a pat-
-ern of patterns, or a metapattern, that would make the entirety of life com-
orehensible continues to elude us. The most far-reaching, yet credible the-
rv to date, to our way of thinking, comes from the brilliant research of Drs.
Lvnn Margulis of Boston University and James Lovelock of England. Cal-
ed the Gaia hypothesis, after the Greek goddess of the Earth, it suggests
-hat the Earth together with its surrounding atmosphere constitutes a con-
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tinuum, an entity which, taken as a whole, exhibits many of the properties
of life.' There it hangs in the blackness of space, like a great, luminous, pul-
sating cell in and on which, in Dr. Lovelock’s words:

The entire range of living matter on Earth from whales to viruses
and from oaks to algae could be regarded as constituting a single living
entity capable of maintaining the Earth’s atmosphere to suit its overall
needs and endowed with faculties and powers far beyond those of its
constituent parts.”

Formally defined, Gaia may be considered, again in Dr. Lovelock’s words:

. as a complex entity involving the Earth’s biosphere, atmo-
sphere, oceans, and soil; the totality constituting a feedback of cyber-
netic systems which seeks an optimal physical and chemical environ-
ment for life on this planet.’

The maintenance of relatively constant conditions by interacting,
active control processes may be conveniently described by the term “homeo-
ostatis”—meaning those coordinated physiological processes which main-
tain most of the steady states in a living organism. The Gaia hypothesis sees
the Earth as maintaining homeostatic conditions with the biota actively
seeking to keep the environment optimal for life. Dr. Lovelock postulates:

... the physical and chemical condition of the surface of the Earth, of
the atmosphere, and of the oceans has been and is actively made fitand
comfortable by the presence of life itself. This is in contrast to the con-
ventional wisdom which held that life adapted to the planetary condi-
tions as it and they evolved their separate ways.

Such a concept, whether we choose to regard it as scientific fact or as
metaphor, is arresting to the modern mind, schooled to think of itself as
apart from process and the organic workings of the natural world. The
thought that the world around us is alive and continuous with us and
through us in ways far more profound that we can know, comes as some-
thing of a shock to urban-bred cultures. Whether the Gaia hypothesis is
eventually borne out in all aspects, its message is best summarized in a
phrase of New Age teacher and visionary David Spangler, “We live in
Being.” Or, as Stewart Brand once paraphrased Bob Dylan, “In Gaia we’re
all ‘tangled up in blue.”” Trying to fathom and adjust to such a concept is a
little like waking from a dream to find that the dream is true. This living en-
tity, made up of billions of interlocking, mutually interdependent, non-
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.27 lives surrounds us, contains us, and yet is one with us. Such evi-
w - -1 ametapattern confronts the human intelligence with questions of
s+ wz=7ntelligence or mind. Gaia is hypothesized as being a cybernetic sys-

wrwoernetic systems are considered intelligent to the extent that they

<€ acorrect answer to at least one question. Dr. Lovelock’s most strik-

- =xample of Gaia’s cybernetic capability for self-correction is that of the

<en content of the atmosphere, which is twenty-one percent, the safe
= hmit for life. He states:

The range of atmospheric oxygen over which fires can take place yet
=t be so devastating as to threaten all standing vegetation is fifteen to
~wentv-five percent by volume. It is therefore tolerably certain that at-
‘mospheric oxygen has never ranged beyond these bounds in the last
«cveral hundred millions of years. This is a truly remarkable feat of reg-
:ladion, for in the previous ninety percent of the Earth’s history the pE
~as risen by at least ten units but is now held precisely constant.”

~ = selt regulation is protection against the twenty-five percent increase

“= sun’'s luminosity since the Earth had its beginnings. The oxygen con-

-t the atmosphere, it seems, is regulated so as to be optimal for the

= enuty, for life on Earth as a whole. Furthermore, analysis of the car-

= _acles.including atmospheric carbon dioxide and nitrogen cycles, also

-2 concurrent, interlocking examples of self-regulation. There 1s a

- -~z-=¢cology to the cycles that is extraordinary. These are just two illustra-

<t the complexity and durability, ingenuity, and elegance characteris-

: Gaia. the Earth, co-evolving with and inseparable from life. As Greg-

Bateson remarked, “Insofar as we are a mental process, to that same ex-

- we must expect the natural world to show similar characteristics of
Coabiy

[ronically and surprisingly, although it is more than ten years since

-~ +»ala hyvpothesis was first published, it seems not yet, as Dr. Lovelock

~<clt ruefully observed, to have set orthodox science on fire. He spec-

=< that perhaps this is because while science swallows the intricacies of

- :nvitvand of genetics, it has never been comfortable with whole systems.

-- - reels the circular and recursive logic of whole systems is alien to most

--insts. Stewart Brand in the Summer 1983 issue of the CoEvolution Quar-

asked editorially, “Why should people who are really worried about

~-venewable resources and irreversible damage to the environment take

1le notice of a well thought-out optimistic message?”” We suspect that

- « matter of mental habit, and of time. The existing world view has been
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in place for a long time and is only slowly beginning to change. The impor-
tance of the Gaia hypothesis to a science of design lies not as a precise tool,
or a blueprint, but as a profound multidimensional paradigm for the de-
signs, a meta-model, a basis for thinking about how the world works within
which to frame more concrete questions about design.

The relevance of the Gaia hypothesis in the context of our work s as
both working premise and metaphor. It is a fundamental premise that all
our design must be understood as having as its matrix a living entity that is
profound and complex beyond present comprehension. Itisa metaphorin
the sense that religion or world view is always a metaphor—an attempt to
understand and maintain a connection with the larger life which, ironically,
we can only understand partially—-through a glass darkly. By all the mea-
surements available to us, however, scientific investigation, meditation,
and the evidence of sensory experience, the Gaia theory is the only concept
sufficiently sound to use as the foundation for subsequent newly emerging
precepts of ecological design.

Precept Two:
Design Should Follow, Not Oppose, the Laws of Life

Having designated the living Earth as the context for our thinking
and for ourideas of design, it seems a logical next step to rejoin Charles Dar-
win in asking questions which we quoted in the last chapter. What, indeed,
are the laws of life? Since our present concern is the design of future settle-
ments, it is all the more relevant to examine Darwin’s question in the con-
text of what is, and what is necessary for life as we know it to continue. Just
as the Gaian reality, the metapattern, exhibits characteristics of a living
being, understanding the patterns and laws of the given living world, in as
much as is presently possible, is fundamental. Within such a context biol-
ogy is the model that mirrors most closely the workings of the natural
world. Our second precept of design is therefore that biology is the model for
design. With this in mind it seems appropriate to turn to the natural world
with a biologist’s eye and see what can be gleaned for our purposes from
careful observation and analysis.

1. The cell is the basic unit and building block of life. As such itis an
ety complete unto itself. This is most easily pictured by bringing to mind
e kimd of one-celled creature frequently perused in introductory biology
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..~~=<. the most popular usually being the amoeba. Like all other simple
417 TTimitve organismes, it is self contained. It carries out, at the micros-
2w evel. all the basic attributes of life, including food gathering, feeding,
. ~z70m. respiration, purification, and reproduction. The same is as true
«r ¢ ‘=1 our own kidneys, a butterfly’s wing, or a sumac leaf, as it is in the
m e zendently inclined amoeba.
1. The cell participates directly in the fundamental functioning of
e ~ moje organism. There is a high degree of interaction and cooperation
ww zen cells. At the dawn of life on Earth, evolution was triggered when
n---rent Kinds of organisms invaded or enfolded each other to produce
— asite organisms ranging from fungi and lichens to the higher plants
«nz zumals. Over eons of time the cooperation and interdependence be-
v=== tormerly unrelated organisms has grown ever more complex. Basic
v wwowogical functioning has been the bringing together of normally dis-
me” organisms, the combined activities of which create new organisms.
‘~: »mitantly, many of the ancient, less complex precursors of present life
17— like bacteria, spirochetes, and blue green algae, still persist as inde-
ze~Zent entities. As such they continue to play a basic and major ecological
- w= 2 the overall metabolism of the planet.
ur. The fact that organisms are at once complete, independent and
«.7 - amous, yet interdependent with other life forms, is a paradox to basic
i+ However whole and complete its structure, no organism is an island
i zself. Nature depends upon connections through different levels of
mw o -J1cal organization. The connections are always immediate and near
1 Thereisanunbrokencontinuum fromcell to organism to the larger eco-
«.<zm and beyond to the bioregion and on again ultimately to the whole
memet. Further, although, through differentiation, related cells become
rzznisms that range from insects to trees, ancient biological patterns are
1« zhandoned but maintained through vast reaches of time. In this way
1.7 2re 15 extremely conservative—and this characterstic is a unity that per-

iv. The ecosystem is the next level of organization and is analogous

= wrganism, the differences being that the boundaries are less distinct,
- ength between the components longer, and the couplings looser. An
- svstem is an interacting system of living organisms and their non-living
-~ ronment. In a sense, the environment is the home within which orga-
-.sms live. A pond is one of the simplest ecosystems to visualize because it is
‘=:amned in a bowl of land and its boundaries are easily discerned. An eco-
~.<em can also be defined in terms of contained relationships—the ecosys-
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tem of the food chain or the relationships of the essential gases which are
controlled by organisms are examples. When a pond is exposed to sunlight,
the algae give off the the oxygen essential to the survival of the animals. The
bacteria and animals produce carbon dioxide which the algae and other
plants need in order to live. Populations of smaller fish are kept in check by
predators. Predatorsin turnare regulated by even larger predators like her-
ons as well as by their own reproductive biology in that they produce fewer
offspring. To make an anthropomorphic evaluation of such an arrange-
ment as dog-eat-dog would miss the deeper meaning of nature. Just as all
of us must live to eat, all life forms consume others yet also have a function
beyond their own particular existence. In the end, all life is eaten or decays,
that new life may be born and the larger life continue. Whereas organisms
are outwardly defined by a particular structure or surface or architecture,
such as bark or skin, or scales, topographically ecosystems are defined by
the diminishing or outer limits of the relationships. While the definition of
boundary in a pond is contained by the banks, more often one ecosystem,
like a field, will blend into others like that of a wood or a neighboring lawn.
An ecosystem is not just an assembly of creatures but, because of the integ-
rity of its structures and the mixed relationships, it is a definable entity, a
meta-organism. Just as relationships in amimals are expressed through a
central nervous system, an ecosystem like a pond expresses relationships as
a gestalt—as the sum of its parts acting in dynamic concert.

v. Nature is not static. The natural world lives in flux and under-
stands change. In a wooded area an abandoned lawn left to itself reverts to
a meadow and then, within brief decades, to a woods. During this period,
technically termed ecological succession, structural changes take place.
The landscape becomes more diverse, stable and often less vulnerable to
perturbations. In contrast more humanly derived systems, most of our
towns and cities for example, indicate a frame of mind that could be called
early successional. Structural relationships are defined and fixed at the out-
set and the pattern is hard to change as conditions change. We tend to
build, destroy, rebuild, destroy and rebuild again. Too often we lock our-
selves into inflexible designs which inhibit maturation in a given society or
community.

iv. The bioregion, beyond the ecosystem, is the next over-riding
structural unit, forming a cluster of ecosystems arranged topographically
and climatically to produce a distinct region. A bioregion is easy to recog-
nize but hard to define. It can be framed by a great river valley, by mountain
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ranges or a coast. Usually it is categorized by distinctive vegetation and cli-
mate. Yet even a bioregion is not an island unto itself, for it blends outward
to join with others to comprise a biographical province. The hardwood
forested land east of the Great Plains extending southward from southern
Canada almost to the Gulf of Mexico is one such great province. Such prov-
inces in turn interconnect and blend to form the Earth’s canopy—until
eventually we again come around to Gaia.

vii. All life shares the same basic information. Humans, frogs, and
mushrooms, all are built of the same matter laid down in slightly different
combinations. Modern biology is revealing the language of the genes, the
code which provides the informational or instructional framework for the
unfolding creature. The informational attribute of nature brings home the
realization that life cannot be analogous to a machine. Working with living
material is completely different from working with lifeless subjects. Prepar-
ing a window box, designing a cluster of buildings, or reshaping space in a
vacant lot can create unpredictable results. If a window box is innoculated
with a few handfuls of forest soil, and contains flowers, herbs, and vegeta-
bles, if it is occasionally watered with water from a wild pond, it will unfold
according to its own instructions. It will function as a magnet for unex-
pected forms of life and be delightful and informational as well as useful.
There will be wildness in it. Something comparable happens when build-
ings, parks, and perhaps even towns are designed from ecological rather
than purely technological blueprints. There is a qualitative difference that
we can feel.

viii. Time, in nature, is more complex than time as we experience it.
It is marked by the seasons which are linked to the time of year and contains
life spans that may range from minutes for some microorganisms to cen-
turies for certain trees. Beyond this is ecological time, called succession,
which is usually measured in decades—although the range here can be enor-
mous too. Beyond the ecological timeis evolutionary time, usually measured
in time frames ranging from centuries to millions of years, which describes
the appearance, changes, and often the extinction, of life forms. Finally, we
reach geological time, which overlaps with evolutionary time. This huge
yardstick measures major physical events such as the formation of moun-
tains and the drifting of continents, as well as the major climatic epochs.

We say that time is ecosystem-specific in regard to succession. Time
marks the rhythm of the relationships within the ecosystem. Some microb-
ial communities it contains may experience time in hours; the forests may
measure successional time in centuries. As ecosystems unfold, succession
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-zds to change, maturation, and increases in diversity and complexity. Suc-
-ssion is described in stages encompassing “birth”, “rapid growth”, a phase
- suructural richness, maturation, and finally, decay. Even forests grow

. The orderly progression toward the full expression of place is depen-

-znt on climatic, geological, and edaphic or soil factors, and on external

-ces such as fire and prior human presence.
Succession 1s a powerful conceptual tool for thinking about, design-
- 2. evenreshaping communities. Itallows us to cope creatively with change

~~deventosteerit. In nature change is a creative force. We can use the same

cnciplesindesign. Inan ecosystem, succession incorporates an increase in
- ~ersity from a few simple organisms to a population of inhabitants highly
- ived in complex associations. Such diversity increases the number and,
e importantly, the kinds of relationships, thereby lessening links of rig-
.+ dependency by spreading them throughout a more complex communi-
Diversity leads to increased stability, protection from external change,
zzeiv. and overall system etficiency, which in turn results in greater order
-~ mformation flow. The ordered complexity that is created embodies two
- =mibutes that scientists rarely discuss in their analyses, harmony and beau-
These are not ephemeral qualities. They have meaning that speaks di-
=iV o us.
At New Alchemy the imperative that biology should be the model
- design was a given almost from the beginning. Aware, even in those just
:e-OPEC days that we were a petroleum-addicted society, we were deter-
—.med to design food producing systems based on renewable sources of
:~erav. As we proceeded with our intent of growing food using ecologically
~.zcd techniques, one fact soon became painfully apparent. On Cape Cod,
» =xch in the last century was largely cleared for farming, so much so that
~zoreauon his tour of the Cape remarked somewhat acerbicly on its dearth
- wood, the Gaian impulse is still undaunted in its determination to grow
z<s. Whenever human vigilance is relaxed in lawn or garden a pattern of
~.cession is initiated that is clearly intended to reestablish a forest. Forests
.t the dominant landscape for the entire northeast, in fact, but ironically
~nclination of agriculture, subsequent to that of the Native Americans,
-zs heen based on destruction, rather than the preservation or modifica-
=L or torests. In defining our longterm agricultural philosophy for New
wchemy. we decided that the biology of the forest would be our design
—del,
In analyzing the structure and functions of New England forests, we
_zmie up with an impressive list. Forests control erosion, moderate seasonal

29
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pulses in hydrological flows, buffer climatic extremes, and provide fuel,
food, and wildlife habitat. To conceptualize a farm that reflected the image
of the forest, the primary break with current agriculture was that the main
source of energy would be the sun rather than petrochemicals. Our agri-
cultural forests evolving with time would move naturally through succes-
sion, from cleared areas to forest. To remain most viable the farm could not
be static but will mature gradually to a state comparable to that of a climax
state in nature. Conceptually our farm begins at the bottom of the numer-
ous fish ponds, and extends upward through the water to the ground cover
formed by the vegetable and forage crop zone where livestock graze. It
then rises through the shrub layer to the canopy formed by the trees that
produce fruit, nuts, timber, and fodder crops. Following this plan we are
hoping to maintain the farm in a dynamic state of ongoing productivity
while it continues to evolve ecologically in the direction of a forest.

There are several instances of analagous research in other bioreg-
ions. In the Great Plains the prairie is the model for Wes and Dana Jackson
at the Land Institute in Salinas, Kansas.' They are searching for and breed-
ing perennial grains, including rye, sorghum, wheat, and corn that would
fitinto the ecological structure of a natural prairie. These new plants would
take care of themselves as the prairie plants do. In the Sonoran Desert
bioregion of the southwest, the oustanding work of Gary Nabhan of the
Southwest Crop Conservancy Garden and Seed Bank is following a com-
parable course, in the image of the desert.” He is grafting his knowledge of
Native American desert farming practices with modern ecological research
to create a sustainable agriculture adapted to the pulses, climate, and soils of
the desert. Although the continent separates us, the successional strategies
we employ are the same as those used at the Land Institute and the South-
west Crop Conservancy. Only the exact agricultural form grows out of a re-
gional ecological imperative.

When, in the evolution of New Alchemy, we became interested in
proceeding from the agricultural landscape to the integration of agricul-
ture and architecture, again biology was the model. We asked ourselves:
What is the smallest contained living system that works completely on its
own? Our only answer was the Earth. Inevitably, the life science of biology
became the model for our first bioshelter. Looking at the question of how
the Earth works we realized the need for an equivalent to the atmosphere
to act as a solar collector. It was obvious that Buckminster Fuller had been
working with atmospheric architecture in building his geodesic structures
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ne~2 on the Earth’s great circle arches. We first chose, therefore, a geodesic
«—.7ure with a thin transparent membrane or skin to serve as a collector
+« ~.zr energy. The question then became: Where does the energy go? In
me zse of the Earth the answer is, obviously, into the oceans, without which
mr Zzrth would be totally unliveable mostly because wild oscillations in di-
v —emperatures of desert area would be unmodified by the seas. We cal-
-1 =1 that, as seventy percent of the Earth’s surface is water, we would ap-
1« mate that relationship in the bioshelter. We dug a subsurface pond to
« - = 2 buffer for swings in temperature.

The next item on our agenda became a bit more complex, for we
w=~= nterested in having our small body of water mimic the workings of
e -weans. The ocean remains healthy and viable because of upswellings,
me n¢ Peruvian Current and the George’s Banks, which rise the surface
ame— w1th nutrients from the colder lower depths. To simulate the work-
me~ ¢ the ocean we used components which would also serve the dual
wm:oen of providing us with a food crop. We introduced mirror carp,
ms1es which have such a powerful swimming motion that they stir and
mv==2rn the water as they swim—which causes the lower water to rise to the
surzae and come into contact with the warmth from the sun. The oceans
e echniques for filtering as well as mixing—great blue whales are
am:r 2 the most impressive examples. Our equivalent was to introduce
mn: v pond a miniature version, the tilapia or St. Peter’s fish. The basis of
me —_zpiasdietis the algae which we had added to the pond water, because
angze xre the major source of gases for the Earth’s atmnosphere. The tilapia
sz around the pond with their mouths open, like small whales, filtering
twe »zier and fattening for harvest. We brought in yet another species of
w1 <> substitute for the function of the rivers in the role of bearing terres-
T Tainents to the oceans. We used the white amur, which feeds on veg-
=z—n< matter like grass clippings and flower stalks and contributes these
mgeients o the pond by passing them through its digestive tract. Collec-
wee . our polveulture of fish made the pond independent of the fossil fuel-
grwes equipment which otherwise would have been necessary to serve the
gur-ses of mixing and filtering the water, as trapping the sun had freed
me scructure from the need of fossil fuels for heating. We maintained a con-
wruems with the Earth’s seventy/thirty percent ratio of water to land in this
=~ dome. In the border of land around the pond, we planted a garden
witn = fluctuated in its crops with the changes in season. Although many of
e svmponents of that early dome have been modified in later bioshelters,
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the fundamental procedures of looking to the living world for inspiration
and of using biology as the model for design, has remained constant.

Precept Three
Biological Equity Must Determine Design

Saul Mendlovitz of the World Policy Institute has a question he is
wont to ask when taking partin meetings or conferences thatare engaged in

examining trends or possibilities for the future. Whether the issues under

discussion are political, economic, or technological, he asks: How will it af-

fect the poorest third of humanity? However obvious and urgent this ques-

tion may sound, from the worsening plight of the poor people of the world,

it is evidently not posed or seriously examined frequently enough when a

new policy or venture is unleashed by the developed world upon them.

Mr. Mendlovitz has not permitted us to disregard his concern. He
questioned us the first time he heard of our work at New Alchemy and has
caused us to keep the future of the poor of both developed and under-devel-
oped nations constantly before us in our design work. Saul Mendlovitz’s
views of our work was reinforced when Margaret Mead made her comment
that our design with bioshelters had, at the time of her observation, little rel-
evance for poor people. e longer we worked the more it became self evi-
dent that biological design and biotechnology could not be divorced from
issues of social justice. Biological equity, the just access to and distribution
of basic resources is, unavoidably, a precept of biological design.

The abuses of this precept are far more numerous than the instance
of it being honored. Francis Lappé and Joseph Collins in Food First: Beyond
the Myth of Scarcity have documented how the agricultural self-sufficiency
and nutritional basis of Third World peoples is undermined through the
infiltration of multinational corporations interested in expanding their mar-
kets or exploiting their resources to create luxurious and exotic products
for sale to the developed world. The Worldwatch Institute has published
more than fifty books on the depletion of basic resources, particularly in
the Third World, which has led to deforestation and desertification, and
the increasing unavailability of fuel. The urgency of these problems for the
people affected is matched only by their complexity.

Anawareness of world hunger and malnutrition were very much with
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Ppmwine -~ = put together our first aquaculture programs at New Alchemy.
B M- - o is one of the pioneers of appropriate technology and was
Bt - -h us at the time, was inclined to look at the question of social jus-
- znother angle. He used to remind people at the Institute that, at

-~ =vervwrench not tomention far more imposing forms of technol-
»~~= ne steel mills of Gary, Indiana: implying that social and techno-
~-..¢s are as old as our use of tools and are probably forever fatefully
m.r1=- 2 With one of our most recent projects we have made a broader
-2~ “ackle the knotty problems of social and biological equity. Rather
f il -~ -2 a concern for Third World peoples at bay or living with itas a
' maag - - - ooy, we decided to try to work closely with a Third World coun-
‘aow a1 - utting our accumulated expertise and knowledge of biotechnol-
wgr o~ =7 disposal, to undertake a project that had energy, technological,
! wmme: . and nutritional repercussions.

=-mabout 1976 on New Alchemy’s work began to be sufficiently rec-
E g~ “or many of us to be invited to travel internationally to discuss the
¢ o -ons of the work. Working in coastal areas and on islands we had a
;f whger: =~ observe yet another horn of the dilemma that industrialization
| ammr .- =3 of cheap fossil fuels had inflicted on coastal and fishing peoples.
Wisr - 2 zrusanal fisheries in the Indian Ocean, in the South Pacific, and
m -+ zribbean, we found that rising fuel costs, supply disruptions, and
e . - z-ailability of spare engine or fishing gear parts, not to mention the

i, - “<arance, through rapid deforestation, of traditional boat building
ww +~13d 1dled many offshore fleets. We learned thatin many places tradi-
wr.. . rafts had been abandoned and modern fishing boats adopted in the
L w2 hetween the end of the Second World War and the early 1970s, which
1+ “=en a time of worldwide economic expansion characterized by low
L mu- <. easy credit, and expanding world markets. With the subsequent
' g1 . recession and the accompanying diminution in foreign credit and
W - 2t exchange resources, the then-expanded fisheries became vulner-

<7~ = the vagaries of international fuel and finance sources over which

a- ad virtually no control. The need to rethink the basis of transport for

.~ :l peoples was becoming increasingly obvious.

f The impressions that we had been gathering from our own travel-
) 1 - = were reinforced by reports from other parts of the world from a num-
e~ 1 our colleagues. Before her death Dr. Mead was drawn to the idea of
-powered shipping which, as the tall ships have proved, have a power of
-zery thatis difficult to explain. The heartis moved, and perhaps the soul
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Ocean Ark, the “Margaret Mead”

as well, by their elegance and by the incipient sense of adventure that stirs
at the sight of swift moving sails on the horizon. More than anything else,
they seem to symbolize the possibilities of rising above rather than being
trapped by the exigencies of the post-petroleum era.

We spent quite a long time mulling over ideas of biological restora-
tion, the potential of biotechnology, and the return of commercial sail. In
1981 we founded Ocean Arks International as the vehicle forimplementing
these concepts. We had thought at first about the possibility of a sort of sail-
powered greenhouse, a “Biological Hope Ship.” The idea was that the boat |
would produce and transport biological materials like seeds, plants, trees,
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sustain itself. The naval architect Philip Bolger designed the 210’ long
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long Y4 scale vessel to test some of his modern rig concepts. After consider-
able experimentation and thought, however, the costs and the technical in-
novations predicated by a project on so large a scale led us not to abandon
it, but to tack off in a different direction. We decided that it was probably
more feasible to start conceptually with smaller vessels and work up. On a
visit to Marlon Brando’s island off Tahiti, we had been impressed that Mar-
lon’s son, on a Hobie Cat, could far outfish the rest of the villagers in out-
board motor boats. It seemed to indicate that the future lay in the speed of
sail rather than the availability of diesel fuel.

We knew of the naval architect Dick Newick by reputation as the de-
signer of some of the fastest racing yachts in the world. His trimaran racers
hold many transoceanic records and in 1980 “MOXIE”, his fifty-five foot tri-
maran, sailed singlehandedly by Phil Weld, who was then sixty-five, won
the TransAtlantic OSTAR Race. We learned that Dick Newick had also pio-
neered a number of new nautical technologies and construction methods.
That he might be sympathetic to our kind of thinking was indicated by the
fact that he had also designed “SIB”, a lightweight but sturdy sailing fishing
craft named after E.F. Schumacher’s Small is Beautiful.

After several meetings and discussions he came up with the right de-
sign for the kind of boat we had in mind. Together we agreed upon the plan
for what we decided to call the Ocean Pickup, intending it to have the same
kind of wide ranging usefulness as its land counterpart. We understood
that to have any appreciable impact, the Ocean Pickup could not in any way
seem like second-hand technology. It would have to be as fast or faster than a
motor-powered boatand justasadvanced. Auspiciously, over the lastdecade
there have, in fact, been four related technological developments which, .
taken together, represent a major breakthrough that could make such a
boat, as well as the rebuilding of artisanal fishing fleets, possible. In the main
the building material for such boats is intended to be ubiquitous, non-tradi-
tional, fast-growing scrub trees.

The first of the innovative technological developments employed by
the Ocean Pickup is a wood/epoxy saturation technique or West System
developed by the Gougeon Brothers of Bay City, Michigan, which makes it
possible to use softer, light woods than have been normally used in boat
building. With this technique strips of wood are used as a structural fiber
which, when layered together with epoxy resins, forms a composite en-
gineering material that is rot-resistant, light-weight, has a high strength-to-
density ratio, and is very resistant to fatigue. Dick Newick has tested one
South American softwood, Baromalli (Catostemma commune), from Guyana,
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~aking sample boat panels which proved exremely well suited to wood/
-« «+ boat construction. The epoxies are not expensive and would come to

- iten percentof the costof a fishing boatin most Third World countries.

The second of the new techniques emerged from an attempt to get

.2d the problem that wooden boats are traditionally custom-built and

- -z1ore expensive. Dick Newick came up with the idea ot a master mold
would permit “families” of shaped panels to be easily {abricated. Dif-

=71 panels from the same mold can be used for a variety of boats, for both

] - 2ecks and hulls. James Brown, an associate of Dick Newick’s, uncovered
€ - Jeometry necessary to permit compound curved surfaces to be covered
.+~ neneer strips so that each of the strips has an identical profile shape.
- ~echnique is called Constant Camber. It enables the fast and inexpen-

- - 2zbrication of compound, curved wood panels. Boat hulls can be made

.. mirror inage cold-molded panels which can be mass produced, and
- nerefore be competitive economically with steel, aluminum, and fiber-
2=~ The third of the new developments used on the Ocean Pickup was
. ..um bagging. Vacuum bagging is a technology that allows the marriage
-z« nxles and wood over large, compound, curved surtfaces so that veneers

.~ ~< laminated into hull-shaped panels. Vacuum bagging evacuates the
] .~ ~~mbetween the layers of veneer and permits the thorough penetration
’ - ~eepoxy. The resultis a composite boat-building material thatis strong,
.- =~lhizht, rot-resistant, and conservative in the use of epoxy, which is why

0w represents such a small percentage ot the overall cost of a boat.

As originally developed, cold-molding vacuum technologies were

..t wmtensive and industrial. Then an engineer named John Marples

zoorated with Dick Newick and Jim Brown to convert it to a low-cost

= ~vard” technology. Vacuum bagging now can be done by villages of

] - :..communities throughout the world. The vacuum pumps can be built

; ~-:pin from old regrigerator units run backwards to create a vacuum. Yet

’ ‘her advantage to vacuum bagging is that there 1s no need for nails,

~ . z.es.or screws in the hull or decks. As a result, weight and costs of the
<t overall are less, as is the dependency on imported fastenings.

The fourth and Jast of the innovative elementsin the Ocean Pickup is
<~ themostvisible: the fact that it is a trimaran—a three-hulled sailing ves-
~ Asaleading designer of multi-hulls throughout his career, Dick New-
« « nas svnthesized the most advanced aerodynamic and hydro-dynamic

~cepts with the most modern materials. With the Pickup, he has then sim-
v =ed them so that they can be readily adaptable to working water craft
-~ wughout the world. Interestingly, Dick sees himself as working in a mil-
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lennia-old tradition of boat design with its roots in the watercraft of the South
Pacific and South East Asia. Now his Ocean Pickup has opened up another
dimension for multihulls in the form of carrying capacity. It is designed to
carry a ton and a half of cargo, plus crew, even though the overall weigh[ of
the boat itselt 1s less than a ton. It1s intended to sail at working speeds of up
to twelve knots, fully loaded. With a light load itis even faster, sixteen knots
or more. The Pickup does carry an auxiliary outboard motor for periods of
calm but the fuel consumption of the motor is as low as two pints per hour
at six knots. Thoroughly modern in design and materials, it is not intended
foracareerasaracing orleisure cratt but as a workboat—a sea-going Pickup.

Extrapolating for a moment from a single Ocean Pickup to a fleet of
comparable vessels. the economic prospects for a coastal fishery broaden
enormously. Fishing and coastal people could find themselves in posses-
sion of a fleet that is largely self-reliant in terms of fuel and equipment.
They would be able to re-establish control of most of the building resources,
the technology, and the actual construction of their boats, as 1deally, the
boats will be builtlocally of fast growing indigenous woods relying minimally
on'imported items like the epoxy. The construction methods should ensure
that the boats will be long-lived and require very little in the way of mainte-
nance. The boats would be easily replaced when necessary.

There have been a number of expressions of interest in the Pickup
from such countries as India, Indonesia, Sri Lanka, and China. From the
manager of a fishermen’s cooperative in Costa Rica, La Cooperativa de Pes-
cadores del Liroral Atlantico, we received the following letter.

Dear Sir:

We are very much interested i doing sea trial of vour one ton ocean
pick up vessel.

Our association 1s composed of 208 inshore artisanal fishermen
{from the coast of Atlantic Limon, Costa Rica) with a lot of economical
problems.

We think this boat will be great help to resolve some of our critical con-
ditions, such as high costs of fuel and replacement parts for use of our
outboard. Owing to these facts, our activity became non profitable.

We sincerely hope that you will give us the opportunity of testing one
of these boats.

Also from Costa Rica, from Bill McLarney and his colleagues there,
we have had further assurances of interest in a boat such as the Pickup. For
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- e time NAISA has been experimenting with fast-growing trees. Gero-
- =~ Matute, one of the leaders of the Gandoca community, has melina
~=+imma arborea) trees on his land which after only three years have reached
-:7iv a foot in diamter. Should the melina not prove the best tree for the
+ +«d epoxy technique, Bill McLarney lists Albiizia, Sesbania, Eucalyptus,
.- = several other fast growing local trees as possible candidates. The intent
- ~az potential for reforestation will grow with a specific motivation.
It may be apparent that hidden in our agenda of bringing back
+ rxng sailing craft for functional transport and transportation is an at-
-~ pt at land restoration as well—just as during our early work we concen-
~:=d on the land, knowing that one day we would turn to the sea. Em-
»+ed in the plan for using scrub trees as a building material is the hope
-=7 the impulse to plant fast-growing trees which would be ready for use
- min a foreseeable time-frame, perhaps three to seven years, is more com-
:~ ng than planting trees that take generations to grow. For most people
+~>ns with consequences beyond the pressing demands of the moment
~sutute an almost gratuitous act. In such circumstances, for land restora-
o or an ethic of stewardship to have any meaning, the results have to be
s« ~:¢1ved as achievable within a realizable period of time. Planting even
»-=1orscrubtreesinaworld of deserts on the march is a workable first step.
= <~ morequixotically hopeful, perhaps a few of the remaining giants of the
» m=x:mav be spared in favor of smaller trees with shorter generation spans.
The first Ocean Pickup was built by Dick Newick in his shop on
w:7ha’s Vineyard during the fall of 1982. Like the openings of the Arks
« -zl vears before, the launching in late November of that year was some-
-~ mzofan occasion. We had invited the Very Reverend James Parks Morton
¢~ The Cathedral Church of St. John The Divine in New York City to bless
~= 2oat before it was launched. Noon was the time we had chosen because
» - «1shed tobegin with United Nation’s Prayer for Peace, a prayerintended
- = said at noon every day around the world so that it is continuously cir-
1= 2 the Earth. This helped to set the context for the launching of a boat
»~.-h. like the bioshelter, is intended to help create an infrastructure of
= m-exploitative technologies to foster a peaceful world. The boat was
rz7ed the “EDITH MUMA” for the courageous lady who first saw the rele-
:~ve of New Alchemy’s Ark, and with her husband, the late John Muma,
-.~ded it. Dean Morton blessed the boat, using biblical references to the
=zl immeasurable seaand concluded, “Bless, we beseech you, this modern
i« thatit may be a showing forth of the abiding and friendly power of crea-




The “Edith Muma”

tion when used in peace, that wind and sail may again join together for the
welfare of thy servants and the revelation of thy loving care.”

It was very quiet for a moment as we listened to Dean Morton, many
of us half praying, half willing, that the “EDITH MUMA” fulfill its intended
promise and help to move us a little closer to peace with the living world and
among ourselves. Then Margaret Lloyd, another close friend and affiliate
of New Alchemy, opened rather than broke a bottle of champagne to chris-
ten the “EDITH MUMA”. Not to break the bottle seemed a bit off and anti-
climatic at first but it was the idea of Dick Newick and the crew, who thought
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& 7 -violent gesture that also would not litter the beach with broken glass
m~ = nited the spirit of the day. They were right. Once Margaret Lloyd had
souzined the boat with champagne, the entire crowd moved togetherto carry
me Pckup over the sand and set her in the sea. The crew scrambled aboard
amz :dyusted lines and rigging and raised the sails while Paul Winter, whose
mi.< has so often cried out for the preservation of sea creatures, under-
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scored their movement with the music of his saxophone, extending non-
verbally the blessing of Dean Morton.

After a season of testing for both sailing and fishing ability in the off-
shore waters of Cape Cod, the first Ocean Pickup sailed to Guyana in South
America, a distance of approximately 3,700 miles, where, under the aus-
pices of the Guyanese Department of Fisheries, she was tested by local fish-
ermen. The “EDITH MUMA’s” mission in Guyana was two-fold. Not only
was she on trial with the fishermen for suitability as a replacement for the
motor-driven drift-gill net vessels they had been using, she also was being
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~sidered as a relay vessel. By far the most profitable catch for Guyanese
--~ermen is shrimp which they bring back to port for export to the devel-
-ed world. When they spread their nets for shrimp, however, they haul
-z:k in a large number of other fish as well, often up to fifty percent of the
:=-h. The fish caught this way are referred to as a “by-catch.” The shrimp
- 215 have a limited freezer capacity so the fishermen cannot afford to take
- space on board with moderately priced fish as their economics are predi-
.-ed on the expensive shrimp. The fish are thrown back into the sea, dead.
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Although the Guyanese people do not go hungry, their nutrition would be
greatly improved if this by-catch was not completely wasted. It is not cost
effective to use trawlers or other motorized vessels to rendezvous with the
shrimpers, so Fisheries officials decided to test the Ocean Pickup as what is
called in local terminology a “by-catch buy-back boat.” She has sailed suc-
cessfully each morning out to meet the trawlers and load the fish from them
into the deep hold, then raced back to Georgetown to sell the fish at reason-
able prices. In this way it became feasible in 1983 to prevent the ongoing
loss of an important food resource for the people of Guyana and the Carib-
bean basin.

Obviously, fleets of sea-going Pickups can never ease all the problems
of Guyana or any other coastal country, but as a result of one Pickup a few
more fishermen are going to sea and a few Guyanese have more protein in
their diets. If enough future design took the welfare of if not the poorest
third of humanity but only a small fraction of that, as integral from the out-
set, slowly the fate of the poorest third might become less desperate.

Precept Four
Design Must Reflect Bioregionality

In the last chapter we defined bioregion as a cluster of ecosystems ar-
ranged topographically and climatically so as to delineate a distinct region.
At that point we were concerned exclusively with biological concepts. The
human element was not under discussion. Obviously without a considera-
tion of the human role, however, any definition 1s incomplete as, directly or
indirectly, there is very little of the planet where we have not left in some
way our mark. Nor is bioregionality an easy concept to define. It is a notion
that has grown from uneasiness at environmental destruction, increasing
cultural homogeneity, and exasperation at the sluggish ineffectuality of
centralized governments and their attendant bureaucracies to address envi-
ronmental issues and the complexity of modern life. Advocates of biore-
gionalism hold that itis a crucial conceptual tool for protecting and preserv-
ing the biological, cultural, and political integrity of a given area.

Writing in CoEvolution Quarterly for the winter of 1981, Jim Dodge
stated, “Bioregionalism s simply biological realism...holding that the health
of natural systems is directly connected to our own physical/psychic health




d be
cost
 the
lat1s
suc-
hem
1SOn-
oing
arib-

lems
a few
In in
orest
out-

1S aT-
zion.
The
tera-
lyor
ome
tion
1Sing
ty of
envi-
1ore-
Serv-

hdge
~alth
~alth

Emerging Precepts of Biological Design

-~ dividuals and as a species. We must he constantly interconnecting our
« = worlds with other natural systems. Even so,” he adds, “No matter how
—- =7 vur laws, technologies, or armies, we can’t make the sun rise every
r+ ~mng nor the rain dance on the goldenback ferns.”
Dodge enumerates a partial list of criteria that determines what 1t
- <1 constitutes a bioregion. A bioregion includes biotic shift, meaning
v cercentage change in plant and animal species composition from one
-~ 1 to another; watershed or system of river damage; land form or to-
worzphve the culture, perception, and behavior of the human population;
-+ zon or altitude, and the force or spirit or over-riding essence of the
sz self
For most of humanity’s evolution bioregionahsm has been unself-
- ~aouslv and etfortlessly a part of design—from the yurts of Central Asia
~c magnificent Pueblo dwellings of the American southwest, to the tents
¢ ~zndering bands of nomads—culture and identity, geography, topog-
-2 ~v.climate, and indigenous resource base all have been for millennia si-
v« but eloquently expressed in a manner appropriate to the bioregion.
"= _ontrastis greatbetween the diversity of such structures with the recent
-2 oward homogeneity in cities world wide which have been erecting
-« ~Tapers that are ringed with bands of urban sprawl. It is only because
ms =2 -+t us do not have a sense of human history over this long period of
ume “hat we do not feel how odd it 1s to build cities and suburbs as we do.
Takingaverybroad and much simplified overview of the North Amer-
«x Zontinentis one way to illustrate a number and variety of bioregions. It
s 2 once obvious that each of them portray, in the broadest terms, the
ne zning of climate. The forests of the northeast indicate the predominance
e —woisture there. In New England, the diffuse light from the sky is butfered
™ e North Atlantic Ocean and is filtered and muted. Toward the center
i€ “me continent are the prairies, natural grasslands which are similar to a
eesirial seain their vastness of movement and light. Distance is omnipres-
=1 nlied and rimmed by sky and winds with sun and dark intermittent rain
zeds building far off. The deserts of the southwest convey intensity—sear-
mz ~eat. glaring sun, deep night cold, and raw architypical forms—sculpted
mez v bevond the human hand. The northwest is again mainly forested
amc damp but different from the east coast in biological make-up and over-
=z 2 essence. Farther south, the diversity of California’s climate and to-
mczphy is reflected in the diversity of its cultures.
In the northeast, before the coming of Europeans, Native Ameri-
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cans lived in quonset-like, long houses made of saplings and layers of bark.
The arhitecture fit—was suited to the climate. A recent computer study of
the optimal shape for a low energy, advanced solar bioshelter was uncan-
nily reminiscent of such quonset-type long houses. The model indicated
that the structure sited in an east-west direction be insulated and reflective
on the north side and north side interior respectively, and transparent to
light on the south side. Except for the transparent glazing, this type of
building, following our design precepts, could have existed centuries ago.
Early European settlers in New England had ideas other than those
of the Native Americans. Their houses favored high-pitched roofs, salt box
shapes, and many fireplaces. They were fairly energy-conserving struc-
tures, but the open fireplaces burned copious amounts of the then plenti-
ful wood. Surrounded by forest, the settlers were wasteful and as a result
the original forest had disappeared within two hundred years. By the nine-
teenth century houses were no longer sited according to the dictates of cli-
mate but faced the street or road and reflected wealth and status. Some of
these were elegant with an almost timeless purity of line, but they still re-
quired considerable heating fuel. Increasingly, the principal fuel was coal,
which at the relatively low temperatures of firing in household furnaces or
stoves, was a polluting material. By the middle of the twentieth century
climatic sensibility had been utterly abandoned. Made possible by cheap
fuel, the inexpensive, sprawling, badly-sited, fuel-consuming California
ranch house had moved east and north. In a colder climate, the extensive
use of glass, spread-out configuration, and single story architecture de-
manded extra heating and cooling. Picture windows which faced north as
often as not, further exposed such houses to heat loss and chilling winds.
Before the westward march of civilization the teepee was the domi-
nant traditional architecture for the plains. In a region where hunting
grounds shifted and firewood was hard to come by, the teepee was light,
portable, energy efficient, and seasonally adjustable, not unlike soft, archi-
tectural extensions of clothing. As farmers, the early white settlers were sta-
tionary. Livestock and grains necessitated storage, so they built sod houses,
barns, and outbuildings. Some of them were well bermed, with sod and dirt,
and faced south for light and supplemental heating. Of necessity, as wood
was scarce, they were low-energy houses. But by the middle of the twentieth
century, prairie architecture caught up with the rest of the country and here
again, the California ranch-type house came into vogue. Prairie architec-
ture, however, could take another course. If traditional notions were grafted
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w-~ «zical ideas, an indigenous housing which grows out of and is part of
lgam: - ~ms could be developed. These could possibly be in the form of a
mar—.:Zc of bermed and sod-covered structures looking like hillocks, to
ligrn ~..2r forms rising out of the earth in teepee shapes.

The extreme climate of the deserts has produced some of the most
‘w2 21 and powerful clustered architecture in North America. For over
@ mo-sand vears Native American builders developed and refined their
s~ < w1th nature. Hopibuilders were masters at minimizing the effects of
s+ extremes. Their settlements were built into massive, south-facing,
mm < -zoes that trapped radiant energy when the winter sun was low in the
#ie.  ~<v used thick, heat-absorbing adobe as a building material to buffer
e -+oremes of heatand cold. After the arrival of the Spanish, villages and
e < became less well sited partially because, in some cases, military con-
s~ 7ons were predominant. The natives and settlers did continue to use
amve 37 as a building material, recognizing its function as a thermal buf-
= - Zreventing overheating in summer and extreme chilling in the winter.
T« walls. proper solar orientation, and suitable lighting persisted in re-
g zrchitecture and some of this tradition yet survives. But again, by the
=i~ of the twentieth century, the most prominent form of urban archi-
‘e had become the ranch house.

The ranch house in its original form and indigenous surroundings
wus 2~ elegant and appropriate architectural form, its design reflecting
ar=Zonal cultural, climatic, and resource criteria. As long as we lived in
am -~z ot cheap fossil fuels even its cloned descendant offered the advan-
asg=~ I convenience and relative economy. But we now no longer live in an
ag~ - nnocence with regard to energy, and the inadequaces of inapprop-
i Z¢sign are becoming increasingly apparent. What has become of
wr.: T 1mportance now is how we think about design. Merely to substitute
am w—=horated form of the ranch house or the high rise is to limit our think-
me - “he short term and is a continuation of the same process that has us
m T 2dle now. In mathematical terms it would be a change of coefficients
mur "~ 7 of structure.

The concepts of bioregionalism, in concert with the other precepts of
w7 w e have described, offers a means of learning to think in a different
am: —- re integrated and comprehensive way. In launching into a descrip-
wn - doregionalism in relation to design, however, we are in danger of
wna - 2 ourselves hoist with our own petard. We cannot possibly cover the
m—2on or even its facsimile, of every person we hope to reach as areader
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of this book. That, eventually, must come from the inhabitants of each area—
not from outsiders. We shall, rather, heed William Blake’s caution that,
“General good is the plea of the scoundrel, hypocritand flatterer,” and con-
fine ourselves to what Blake called “minute particulars.”* We will limit our
discussion of the role of bioregionalism in design to our own bioregion of
Cape Cod and show its functioning by examples, only venturing briefly
afield to describe a design appropriate to an area in Colorado that we have
come to know well.

We live on Cape Cod, a former peninsula that juts into the mid-Atlan-
tic, made an island early in the century by the exertions of the Army Corps
of Engineers when they dug the Cape Cod Canal. The sea is the over-riding
natural presence, an ameliorator of climate and the only untamed wild-
ness. The sandy, acid soil, the remains of a terminal glacial moraine and our
legacy from the ice age, is covered with pitch pine and scrub oak and dotted
with kettle hole ponds. Stone walls straggle through the low-growing woods,
memorials to the sheep farms of the last century. Long a home of the Wam-
panoags, for many years after European settlement the Cape was an agri-
cultural area supplying Boston with vegetables and fruit, even growing
some grain. Now, with the exception of fish and native cranberries, straw-
berries, and blueberries, we import almost all our food at extremely high
prices. Cape Cod hasbecome aslightly rustic, woodsy suburbia, and a haven
for tourists. The poverty of close to a third of the inhabitants is fairly well
disguised in the general affluence. It is an area ripe for increased indepen-
dence in food and energy.

According to the Barnstable Reguster, one of Cape Cod’s leading news-
papers, the past decade has done more to alter the character of the Cape
than the previous two hundred years. The newspaper has kepta close eye on
the Cape, describing the pace of development here as “virtually unmatched
in America.” Arthur Palmer, author of the book Toward Eden, and an envi-
ronmental lawyer and landscape designer, has pronounced Cape Cod “a
community on the edge of a cliff ”* because, again in his words, it is an “at-
tractive nuisance.” Its attractiveness has led, as a result of very rapid popu-
lation growth, to haphazard commercial development, traffic congestion,
problems with waste disposal, and water pollution. This last, along with the
threat to the remaining agricultural land, present together the most pres-
sing ecological problems. Whereas most bioregions think in terms of water-
shed, on Cape Cod our water source is a single aquifer which lies like a lens
under the ground. It can only be replenished by rainfall. The growing pop-
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wauin 7 is drawing off water more rapidly than the rain can keep it filled, so
e =~ ¢l of the water table is slowly going down and, in the foreseeable tu-
ur- ould be inadequate to meet the needs of the Cape’s inhabitants. Fur-
nme-Tore. although there is little industry, as a result of run-otf from years
# ~Z zving with pesticides, fertilizers from the cranberry bogs, salting the
T2 0 winter, leaching from septic tanks, and some leaching from the
mur zing of toxic wastes by the military, the purity of the water is in ques-
min :nd certainly is seriously threatened if nothing is done fairly soon.
The soundest solution would seem to lie in bioregional planning.
an e sense, such a conceptis not too ditficult to communicate on the Cape
me: _se. since the cutting of the canal, we are an island and our boundaries

are +zs1ly recognized and defined. With characteristic Yankee indepen-

@, however, the various committees and planning boards of the Cape’s

whe=7 towns have always met separately to consider, separately, such com-

m:c problems as water quality, land use, and the despoilation of the nat-
wru environment. Recently with considerable encouragement trom several
mw s2aper editors and community leaders, Cape-wide meetings and work-
#m: = nave been organized and have succeeded in achieving a fair hearing
wr Teoregional ideas. The word “bioregion” is now tossed about quite casu-
alw = the local press. Greg Watson of New Alchemy has proposed “A Cape
i_wez Rezional DevelopmentPlan,” the first step of which would be to develop
& . omplete inventory of local natural resources. He has made a proposal
wrscent of New Alchemy’s early work in the California hills, through
s he intends to catalogue and codity information on the soils, geology,
w2 wogv. and vegetation on the Cape. [tis Mr. Watson’s hope that such an
mw=~2orv. when complete, will influence zoning laws, subdivision bylaws
amz ~uilding codes. Accepting the fact that development here cannot be
a:coed. the inventory is intended as an educational tool through which it
ms 2e imited and controlled.

Whereas this aspect of New Alchemy’s recent work has been more
auwurwal in terms of bioregionally appropriate design, there are now also
w7zl advanced new structures at the farm which can serve as models of
peszn suited to the bioregion: a super-insulated auditorium designed not
# ~eed central heating and a pillow dome which will be described later.
% Alchemist Ron Zweig suggested to the Town of Falmouth thatit has the
w:z7ial to improve its water purification capability by establishing a treat-
me=: plant based on a bioshelter design which would provide a solar heated
=r--ronment for sewage-purifying aquatic plants. A full-scale ecological




Bioshelters, Ocean Arks, City Farming

solar powered waste treatment plan along this design is currently under
construction in Woodstock, New York, for which New Alchemy was a con-
sultant. Falmouth will not likely follow suit as we did not come forward with
ourideas until another commitment was too far advanced to change plans,
although town officials did express some regret. In the long run our solar
powered design would have been less expensive in terms of energy costs
and would have offered the further economic advantage of commercial by-
products in the form of soil amendments and livestock feed made from
processing the aquatic plants and biogas for use as a fuel.

Although integration with its own immediate community and sur-
rounding bioregion has been a part of New Alchemy’s plans since the begin-
ning, acceptance on the home front has been the hardest to win. In the win-
ter of 1977, however, came both the opening and the organization to allow
us to serve our own community more directly. We were approached by the
Community Action Committee of Hyannis, a group with a long and estab-
lished reputation, to band together with four other groups, including the
Housing Assistance Corporation, the Wampanoag Councils of Mashpee
and Gay Head, and the Martha’s Vineyard Energy Resource Group, Inc.
The result of this coalition was the Cape and Islands Self-Reliance Corpora-
tion. It has a claim to uniqueness in being the first of a kind—the first food
and energy assistance corporation dedicated to low income residents of a
particular area in the country. '

The Co-op, asitis familiarly called, has given New Alchemy a timely
opportunity to share the knowledge and skills that we have been accumula-
ting over the years, and equally important, a network for reaching people,
often those who most could use it, who otherwise might not have known
of our work. The program which has grown out of the collaborative effort
offers free energy and food audit and financial counseling for home energy
improvements and food production. It provides access to the skills, services,
and materials needed for energy conservation, renewable energy use, and
local food production at discount rates. It also holds technical workshops
with courses that cover the ecological, political, social, economic, and legal
considerations integral to the effective functioning of small local organiza-
tions so as to further empower them to greater independence.

Largely as an exercise in ecological fantasy we have created a design
for an area much more modest than that of the bioregion of all Cape Cod. It
is for Sippewissett, the area that immediately surrounds our house. Sippe-
wissett is a part of the Town of Falmouth. Around the turn of the century it
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womeroination of sheep farms and a summer colony. Now almost each
fies s<m.ce wooded acres has a house on it. Rimmed with superb beaches
=5 773CLs tourists, and the fine salt marshes are a magnet for marine

<. There is one sprawling Victorian hotel which serves group tours

b 5w mer. Four-hundred acres of woods have been set aside as a pre-
rwr —rovide wildlife habitats, a haven for townspeople, and a place for
z~d for running in the spring and fall and for cross-country skiing
T iippewissetts’s inshore waters provide some sport ﬁshing and

Sang and horse boarding stable and an excellent little orchard and

« rzrden farm which does a booming business. There is some boat
mg :nd repair work carried out by a few master craftsmen in their back-
k- cnmercial zoning begins a mile or two away closer to the center of
mec=. The most likely course for Sippewissett lies in maintaining the
s.u . At the present, during the summer at least, the areais close to its
@i “:TT\ing capacity. A more promising and stable future calls for the
sn and enhancement of the woods, the salt marshes, and inshore

: ~T=is could be achieved by the residents undertaking to diversify the
"‘ — e N base of the area. Ouridea s to turn to the sea and create float-
=< otfshore from the great Sippewissett marsh where vast numbers
1 «ﬂﬁmmw:m:ﬂ clams, mussels, striped bass, salt water-acclimated trout, and sal-
| mmmm <1 be cultured. Most of the technology to accomplish this has been
- uillmew: c-d 1 Japan and Scandinavia, and some elements have been tried
smm=ss [V 1n North America. The Cape with its great range of currents
| st «: cemperatures could be a major center for the culture of marine
| flbemcs. <0jeCTions to ﬂoatmg rafts marring the view of Buzzards Bay could
- e ame-orated by towing the complex offshore in summer. The food cul-
mae —z< could be seen as an alternative to further housing development
ammr w=citant pressure on the immediate ecosystem and more broadly, on
e +_:2e’'s questionable water table. A program to produce trees useful in
s -_2:ding. both fast growing trees for wood/epoxy boats like the Ocean
Wws-. - and more traditional building trees, would pay within a generation
ame »-ald further diversify and preserve the woods.
Reahzing a design such as this for Sippewissett is still unlikely, but
e ements already exist. [thelps that we are very sympathetically treated
we me swal press, particularly the Falmouth Enterprise, which has been ex-
mweme - supportive of New Alchemy. One story we did about the possibilities
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for Cape Cod in the year 2000, which was predictably an ecological scenario.,
was read widely and commented upon. Already germs of the ideas are float-
ing about in the air like dandelion seeds. Some have already taken root.
others will. Dandelions are sturdy and good at thriving.

If our scenario for Sippewissett still ranks with the largely futuristic,
we have realized a small personal attempt to protect the area in the solar
retrofitting of our own house. We had several reasons for retrofitting and
building a solar addition to the house where we have lived for more than ten |
years. The trees stand tall around it and the orchard which we planted has
begun to bear. It is where our children have grown, and it is home. We had
no desire to live anywhere else, but we felt a certain amount of pressure, as
aresult of our work at New Alchemy. Visitors to the farm would often com-
plete a tour or a workshop on the bioshelters with a comment to the effect
of, “This is wonderful. I suppose you live like this athome too?” It posed an
awkward moment. We tended to shift uneasily and mutter something about
not doing it quite yet. It began to be increasingly embarrassing to advocate
and not to do. Our house had been built in the late sixties and as a result wasf
poorly insulated and heated exclusively by natural gas. We asked architect]
Malcolm Wells to suggest a method for retrofitting the house and to desigm
a solar addition and greenhouse. The extent of the project involved retra
fitting the existing house by insulating the basement, roof, and windows in
addition to building the new part. We had the one advantage of almost di
rect southern exposure on the front and we wanted the suntodoas mucha
the heating of the existing house and a greenhouse as possible. We though
that the electrical requirements for heat circulation should be minimal
equivalent to no more than two or three lightbulbs. As a result of Malcoln
Wells’ work and that of local solar designer Greg Wozena the solar retrof
has been completed and the workings are quite simple.

Against the north wall of the basement and ground level south-facing
greenhouse are ten organ pipe, translucent, fiberglass fish tanks, whid
stretch eight feet in height from the lower basement floor to a person’s waist
in the first floor living-room. They are eighteen inches in diameter—a vard
iation in shape on the traditional New Alchemy solar-algae ponds. The
serve double duty as fish culture units and as primary heat-storage compa
nents. The tubes absorb solar energy during the day and release heat
night, warming the greenhouse and adding heat to the house. In them
grow tilapia, catfish, trout, as well as mussels and oysters in the one sea wate
tank. The basement is the other heat storage component which, to avou
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s+ :<:2¢. was clad on the outside with four inches of styrofoam coated
me . -7 laver of stucco. The interior basement walls and the contents of
- wa~=ent, including furniture, and a boat, firewood, tools, as well as
émia -~ writer tactfully called, “the flotsam and jetsam of a family of five,”
g 7 27 trom the greenhouse.

.; ~re solar heating is primarily passive, as the design called for ther-
mmwm = ~cmpered glass on the southern exposure to capture lightand heat.
e e distribution in the living areas of the house is both active and pas-
| wer - stair wells and air vents in each of the rooms permit a passive up-
maarrs v of warm air. A ceiling fan in the living room circulates air warmed
- 1me » . wxdstove. In the summer the glass on the south side acts as an air ac-
| w2 7. drawing in cooler outside air which, passing through the house, is
| «lon~ - pstairs and exits through the north windows. We are sun-warmed in
| e 21d cooler in the summer than we used to be. Internal insulated shut-
| e~ -~ the inside windows reduce heat loss at night and shut out draughts
| e tehy

j The projectis by no means over. Our future fantasies include, some-
=mmme > w1 the line, photovoltaics on the roof and a solar hot water heater, to
wr 1m~z.led in the upper part of the interior of the greenhouse. We already
w7 smug satisfaction of our own salad greens, tomatoes and herbs in

w2 ot snow and dazzle an icicle even while it is raising the thermometer
msece “he greenhouse to seventy. Winter need not be one’s sole reality dur-
me =< months of hard, frozen ground. Earthy smells, flowers and fresh
w~g-:0les are with us all year, because the greenhouse is open to the living-
w10t separate from it. A tangerine tree blossoms in early December,
nbirz the house with the smell of citrus while we do battle with whiteflies
an: :ohids. monitor the weather, and are doubly glad to see the sun.

We will be discussing a number of other designs which have incorpo-
zw== dioregional criteria throughout the course of the book, many extant,
wtems still ahead of their time. We include one more in this section because
w= zel it Hlustrates so clearly the precepts of the design within which we are
wrung. It was done in collaboration with the architect David Sellers for
me Lindistarne Institute near Crestone, Colorado, but it is well suited to
mia: 7 of the rest of the arid, mountainous southwest.

Lindistarne has anideal location for a solar village. We have suggested
: ~zmiet which, seen from a distance, will seem so much a part of the land-
«.: 2w asto be barely discernible. Unlike our low lying, sea-bound bioregion,
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in Colorado it is the power of the continental land mass and the vastness of
the sky that dominate. At the Lindisfarne site the Rockies tower over the
plain of the San Luis Valley and the ghost of the long vanished inland sea
still lingers. The sun shines almost daily, summer and winter. Behind Lin-
disfarne each evening, as the sun sets, it stains the snowy peaks of the Sange
de Cristo Mountains red. Water comes from the melting snow. Occasional
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st through the rugged mountains creating rifts where aspen, cot-
« o o2 and wild flowers grow—pockets that are gentler and less austere
- recurring ranges of mountains. The climate is extremely arid. [tis

- = cent. but not particularly hospitable, region.
'.r plan, developed further by architect David Sellers, suggested a
-~ unded in the rugged terrain built to be a continuous part of that
The encircling exterior walls of the hamlet are of native stone and
-~ = small inner settlement comprised of clustered houses, gardens, fish
~estock and fountains. The outer wall is eight to ten feet in height,
-2 down the middle, and contains wiring for electricity, water and
—:ping. and fittings for the various attached buildings. It follows the
- the land with a rectangular shape overall, completely enclosing
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Building Walls, Lindisfarne Hamlet

the village and gardens and protecting them from cold winds and from for-
aging deer, cattle, and rabbits. The wall will render the hamlet almost invi-
sible among the pinyon trees. It could be built in stages and the living com-
ponents added as money and labor became available. The wall would be
owned collectively by the villagers and sites for shops, houses, garages, and
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o - :ces along the wall could be purchased. In this way the community

i Tk its way, boot-strap style, into existence as people acquired sec-
v - - che wall,

The drawing is an early schematic of the idea. On the south face of

e - 1 wallhouses are connected to each other by bioshelters. Each house

-« 733 to at least one solar greenhouse. There would be espaliered fruit

m-— - 1y the house walls to the south as well as shrubs which need the

. rmth of the wall to mature at that altitude. These would create a

:mopv to shade the houses in summer. The gardens would be sited

m front of the bioshelter sections for maximum warnth and sun-

Mg rners that receive poor light would be used for storage and equip-

e=11 4 all cars would be kept outside. A stream, or aqueduct, which would

fav- . -~ 1mming pool midway, would run through the hamlet. Along the

- z1i on the south side a low fence barrier would retain livestock like

~iwckens, sheep, horses, and perhaps llamas. They will have their

win -« i ted by the stream. On the north side of the southern wall there

e 7. -~ and haybarns, granaries, stalls for the sheep and llamas, and poul-

mr .- << An orchard would be planted to give shade for the animals.

‘ ~.: wastes would be purified in aninexpensively constructed bioshel-

e i . <:nilar design to the one suggested for Falmouth. It would be built

x 11~ .iside of the enclosure that runs the full length of the south side of

~ "~ wall. Supplemental winter forage crops could be grown in a con-

- «ries of solar-algae tanks. At the opposite end of the structure com-

. ~ower and vegetable crops would be grown for local sale. The ham-

* .~ vonceived, would be bioregionally sound and would provide for

- :ne needs of the inhabitants in terms of food, energy, shelter, and

we - -sunent. Like a self-contained oasis of green and warmth in that

. v it will satisty the needs of the inhabitants for sustenance and

.. et not impinge on the silence and solemnity of the great moun-
e .. zround.

wr -7 Fiie
‘ Should Be Based on Renewable Energy Sources

¢ stated at the outset that it was not our intent in this book to be-
-ngth the ills that plague us as members of advanced technological
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societies. The pervasiveness of our energy dilemma, however, is impossib
to overlook. Our massive dependency on non-renewable sources of energyy
fossil fuels, and on nuclear energy, is one of the prime symptoms of the lack}
of resiliency that characterizes the developed countries at present.

Since the mid-seventies, in spite of substantial bulwarks from gov-
ernment subsidy and the protective vested interests of industry and the mils
tary, nuclear power has continued to fall short of the expectations of its pro-
ponents. Potentially fatally dangerous, inelegant conceptually, perenially
vulnerable to sabotage, accident, and disruption, it is now obligingly prov-
ing itself far more costly than sunny forecasters first predicted for the do-
mestication of the peaceful atom. While the fact that it is economic criterea;
rather than social costs that has slowed its progress to a near halt, a sign o
the lingering malaise of a nearly exclusively materialistic society, it has been
the efforts of environmental and humanistic groups that have forced the
installation of safety requirements which have increased the overall cost of’
nuclear energy. Rather than go into an analysis of nuclear power, which has
been expertly done in a number of books to date, we would rather confine
our remarks on the subject to the observation thatitis an unforgiving tech-
nology, with a timespan we cannot fully comprehend, predicated upon both
human and technological infallibility. The same criticism applies equally to
the development of fusion, the advocates of which are strangely evocative |
of those of the peaceful atom. |

Before the 1973 Arab oil embargo and the subsequent entrance of
OPEC onto the stage of world events, most of us accepted our consumption
of fossil fuels, in the myriad forms we did so, as heedlessly and unquestion-
ingly as we do air or water. We traveled, drove cars, powered our houses and
relied on the products of the industries and agriculture than ran on fossil
fuels. As students of biological principles we became aware quite early of
the fallacy of depending on so narrowly based and frequently distant sup-
plies. Our work daily brought us into contact with the workings of efficient
systems and we, like many others, realized the inherent shortcomings of
such a dependency relationship. In explaining our windmills and solar de-
vices at New Alchemy prior to 1973 we would argue, often to a circle of puz-
zled faces, that we as an industrial culture had predicated our way of life on
a contradiction—the necessity of continuing economic growth in a world
that had a biological base of finite resources. To the degree that it improved
our credibility OPEC did us a favor by flexing its muscles when it did in the
early seventies. The culture at last understood the limits of fossil fuels dur-
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- < <risis, but the cultural memory is short. People return to the earlier
-~ - and use patterns without an energy crisis, forgetting that these
. - <15 are still limited and finite. Now in the eighties, it would seem re-
m=- 2. but again is totally necessary to point out the inherent political
e - -nomic instability of the profligate use of fossil fuels that charac-
-~ <he period from the end of World War 11 to 1973. We dimly under-
- <<, as a culture, but have not changed either our domestic or foreign
- - - reflect anything but a total reliance on fuel oil. Imported oil is un-
‘ - znd renders us vulnerable. Coal, although still comparatively plen-
fu :- 1 a potental interim possibility, raises grave environmental ques-
pur~ - -he form of land devastation, atmospheric pollution, and acid rain.
Jos © -~ discounted are the intolerable human conditions under which the
h ~ ~uned. Natural gas, the cleanest of the fossil fuels, is not renewable
~ <1 be regarded as finite. The gradual drop in fuel consumption of
i - .cls since 1973 and the concomitant improvement in energy effi-
=.though less than it might be hoped, are encouraging signs that our

~:hip to fossil fuels, while addictive for a period, can be cured.
%+ the cracks in the foundation of a society based on nuclear and/or
wi © -.s become increasingly apparent, there has been a concurrent rise
b @i -~ =< in the possibilities for turning to renewable sources of energy to
e - ¢ behemoths we had previously tapped. Itis largely a grass roots
s -~ -0 moving more from the bottom up than from the top down. In
- - . ert analysis of the energy situation in the book Brittle Power, Amory
- .niter Lovins list as renewable sources of energy those that harness
- nd. water, and biomass or wastes. The transition to a society based
1 renewable sources would, they point out, “eliminate the need for
bami . -+ - o< wells, gathering lines, terminals, tankers, pipelines, coal trains,
bsin— +:pelines and most bulk transmission lines.”! They do qualify the use-
b -~ 1 existing power grids for linking dispersed sources of renewable
e~ . supplies. “Indeed,” they go on, “[the power grids] eliminate the
Lmee— - - - the fuels themselves, oil, coal, gas, or uranium, and hence for de-
- ¢ on the nations or institutions which extract, process, and sell
g~ [0 addition, renewable energy is end-use oriented, and therefore
jmi1- -\ more efficient. Renewable energy circumvents the clumsiness of
TJM"I“‘, -~.ale single source strategies, which have been likened to using a
Hliwu s <+ to kill a fly or a chain saw to cut butter. The particular energy need
s .-~ - v analyzed before the possibilities, which are frequently multiple,
L @ - _ded upon. In many areas solar heat is best suited for space heating
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and has been used for this purpose with efficiency for thousands of years.
There are now more than a million solar buildings in the United States.
Solar hot water heaters are also growing in popularity both for domestic
and industrial use. The technology for solar or photovoltaic cells for pro-
ducing electricity is advancing rapidly, and their success is almost inevit-
able. The major problem forestalling their rapid evolution in the United
States is a lack of government support—for want of which, as with the auto-
mobile industry, leadership in the field will probably go to Japan. As was the
case in the development of micro-computers, the cost of solar cells is falling |
rapidly as both technology and materials are improved. One company is de-
veloping shingles that can be used on roofs to produce electricity. Optimistic
experts in the field predict that by the late eighties new houses will be fairly |
common as net exporters of electricity. According to the Lovins: “The pho-
tovoltaics revolution is indeed already upon us.”?

The fossil fuel era eclipsed, for a period, the proven effectiveness as
well as the potential of windpower. Prior to the extensive rural electrifica-
tion program of the thirties, many farms manufactured electricity using an
on-site windmill. Interest in windmills subsequently waned to be revived
only with the energy crisis in the seventies, at which time design in wind
plants lagged far behind developments in other fields. Proponents and de-
signers of windmills have moved quickly to close the gap. In the mountain
passes and on the tops of California mountains “wind farms” of up to one-
hundred windmills are under construction or already operational. Accord-
ing to Popular Science magazine “the wind-farm concept was kicked around
through the energy crunch of the mid-seventies. Suddenly, in 1982, the idea
blossomed into fact.”* California’s Pacific Gas and Electric Company buys
all the power generated by these wind farms, as all utility companies are re-
quired by federal law to do. Other sites for wind farms are being evaluated
in Montana, Wyoming, New Hampshire, and Hawaii. The value of such cen-
tralized power stations notwithstanding, there is, as in the case of photovol-
taics, a strong case to be made for individual mills to provide on-site electri-
city on a household or community or farmstead level in remote areas. As
with the struggle to perfect the solar cell, wind technology is improving with
remarkable speed in spite of minimal government support. One member
of the energy industry has pronounced wind power the closest to true com-
mercialism of all the emerging technologies.’

Hydroelectricity is not a new concept, and certainly strong argu-
ments must be made against vast constructions that change the course of
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- .- —vers and violate the integrity of entire watersheds and bioregions.
i~ ale hydro causes far less environmental disruption. As was the case
e - :dmiills, innumerable small dams and hydro power stations fell in-
mon -~ <o during the fossil fuel era. Now there is a broad revival of interest.
i T _. ~.ins estimate that “Nationally over the next few decades small hydro
ol - :pproach the same total capacity as existing large-scale hydroelec-
fmrm - ~ut far more evenly distributed throughout the country.”® Abroad,
FSw- - and New Zealand are actively developing small hydro. According to
Ls~ -~ Brown of the Worldwatch Institute in his book Building Sustainable
$w - 0 1978 some 87,000 small-scale hydro-powered electric genera-
| mor- - —re in use in China and account for a third of the electricity produced
f e~ - Other possibilities for decentralized production of electricity in-
L anwz- <olar collectors to provide heat either for direct consumption or for
o -7<i0n to electricity, and heat concentration saline solar ponds which

| «ar ev heating capacity per se or produce heat convertible to electrical
b et~ 2 As for energy for heating, the first and most obvious energy strat-
- e < onservation. Once the need for energy for heating is reduced, and it

i« - done so drastically, like the generation of electricity, the question
| ms.o~ 7 abloregional character. Obviously in heavily wooded areas efficient

. W murners used in conjunction with a program of careful forest man-
| .z~ — o0t and reforestation is an important and renewable strategy. In
mu- ess forested areas solar architecture combined with insulation

ar: ~< night heat loss has greater potential.
As for looking to renewable sources of energy to produce vehicular
fu- - “he most promising current solutions are gaseous hydrogen made
T = ~vdrolysis and gas'produced from the processing of biomass. A note
- omisnecessary here, as itis with the development of all new ideas for
Ir « ..ing energy, even when it is not radioactive. Whereas wholesale giv-
ne v of acres of land to biomass production could encourage deforesta-
i 1 d soil depletion, there are at the present vast resources of waste bio-
b .-~ wready available for conversion. In various parts of the country they
Lm0 e cotton gin trash, which in Texas, the Lovins estimate, is enough to
=1 - -~ervvehicle in that state; spoiled grain, walnut shells, and rice straw in
i rnia; peach pits in Georgia; logging wastes in lumbering areas; and
i .- - the straw that is now burned in the fields of France and Denmark.?
| 3, —assconversion, carefully thought out, is yet another possibility for re-
1 - :hle energy just beginning to be seriously applied.
A satisfying account of conversion to solar is the story of Soldiers
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Grove in Wisconsin. Situated on the Kickapoo River, the village grew up
around a lumber mill built in 1847. As the forests on the surrounding hills
were cut for timber and the land cleared for farming, the soil began to lose
its ability to absorb and contain run-off, so the Kickapoo began to flood reg-
ularly after the spring rains. In some years flooding was slight, butin others
it was massive and, occasionally, disastrous. After a good many unrewarding
efforts to acquire government help in one form or another and repeated :
recurrence of flooding, community leaders, in an attempt to save the village,
requested that the Federal government reallocate grant money which had |
previously been slated tor a flood control plan. In an ingenious reversal of
Mohammed and the mountain, the city leaders decided that instead of bat-
tling to keep the river away from the business district, it made more sense to
move the business district and relocate it beyond the flood plain of the Kick-
apoo. A flood of disastrous proportions in July ot 1978 finally extricated the
money from the government. The people of Soldiers Grove began to take
steps prerequisite to again coexisting with Kickapoo. By this time not only
rising water but rising oil prices were becoming a concern to the business-
men of the village who were beginning to see, in rebuilding, a chance to re-
structure their downtown to reduce energy costs. A task force formed by
the University of Wisconsin Extension Service recommended they incorpo-
rate maximum thermal efficiency and passive solar heating for the intended
new buildings. Thus encouraged, the village hired an experienced solar ar-
chitectural firm, the Hawkweed Group Limited of Osseo, Wisconsin, to de-
sign a master plan for the new downtown. The result, by the end ot 1982,
was the completion of the first solar heated business district in the country.
According to a report by William Becker:

Soldiers Grove shows that site-built passive solar heating systems are
economical, understandable and socially/politically plausible in any
new construction situation. No housing development, industrial park
or other new construction should be done without an analysis of solar
potential. At minimum, unless there is unavoidable physical obstruction
of the sun, new buildings should be oriented properly and be designed
to take advantage of direct gain. Solar should be a normal and integral
part of new construction planning anywhere in the country.

Because systems like those used at Soldiers Grove are practical, cost-
effective and of great benefit not only to building owners and local sta-
bility, but to the nation as a whole, the burden of solar plausibility ought
to be shifted. Rather than requiring local officials, solar businesses and
other solar advocates to show why solar should be used. the own-
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ers of planned buildings ought to be required to show why solar shouldn’t
ae used, if they wish not to use it.

The folks at Soldiers Grove came to understand solar’s benefits
- the point where they passed a requirement that all new business build-
ngs receive at least half their heating energy from the sun. Owners must
seek a variance if they wish not to use solar heating. And in the one test
- a1se which has come up so far—that of the bank building—the commu-
=1v demonstrated that it needs to be firm about the requirement. Rather
‘nan granting the bank a variance, village officials brought in a special-
s to conduct a solar-need analysis and helped the bank find an econom-

-4l way to meet the requirements of the ordinance.””

The gradual, and as yet incomplete, shift to renewable sources of
=1~ 2. at New Alchemy offers an early if slightly ragged model of how such
& 7 :ms1uon can be accomplished in existing communities on a broad scale.
" - the Institute first moved onto the land, the only buildings were the
Zr— nouse and the barn. The electricity for both came partly from the Pil-
£~ Nuclear Plant at Plymouth, Massachusetts, just north of the Cape. Par-
=n7 - =ucally, although some of our electricity still comes from there, and
.2~ T.ant is one of the oldest and least safe in the country, the same combi-
1 = of nuclear protest and shifting economics have brought about the
= -..auon of plans for a second plant—Pilgrim 1I. Apart from electricity,
e herenergy then used in the poorly insulated New Alchemy farmhouse
wi- :tural gas for the hot water heater and oil for space heating. Over the
="~ s ecological diversity was built into the natural systems, an analogous
ac- - -ach was applied to energy sources for the buildings. In all, four new
w.-- ~uildings have been added, all of them bioshelters which do not re-
o -~ suxiliary fossil fuel heating. The Energy Education Auditorium de-
s - 2 bv New Alchemy’s Bill Smith with the help of an Apple computer
..~ ~=wed out of a corner of the old dairy barn. It was constructed and insu-
ar— “» make central heating unnecessary. Around the farm most of the
al - ulture units have attendant windmills to pump, circulate, or aerate
1~ - zier rather than using electrically-powered pumps or aeration units.
+ - v hot water heater has been installed on the south face of the roof of
1= ~:rm house to provide domestic hot water. The house itself has been

v~ zerably insulated to reduce fuel consumption for heating. Although
»- ~:ve experimented with windmills and a demonstration photovoltaic
w- ~ we are still drawing electricity from the grid and are glad it is there.
% Alchemy, as the solar and wind technologies advance, one day will be
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energy independent. Further down the line again the Institute may con- |
tribute energy to the grid, thereby lessening the Cape’s overall energy de-
pendence on outside sources. Itis a pattern bound to be repeated in a num-
ber of forms in many areas throughout the country and in many parts of |
the world.

The potential for renewables is not confined to replacement of what
are referred to generally as conventional sources. For example, Joe Seale,
Ocean Arks International’s head of wind research, has invented and de-
signed a highly efficient wind-powered ice making/refrigeration power
plant for which we have been awarded fifteen patent claims. The technol-
ogy grew out of a response to the very severe need for food preservation in
tropical countries where spoilage is a major limiting factor in fishing and
food production. Such soft technology applications of renewable energy
are open to replication in innumerable ways. Many are reaching the phase
of implementation. To those who still view renewable energies as inade-
quate to the task of nuclear and fossil fuel, it can be stated, as the Lovins
phrase it, that “The methods used to forecast the path of the sun, or even
next week’s weather, are considerably more reliable than those which pre-
dict reactor accidents or Saudi politics.” "

Precept Six
Design Should Be Sustainable through
the Integration of Living Systems

When the late Buckminster Fuller attended the opening of the Pil-
low Dome, the first of New Alchemy’s second generation of bioshelters in
June, 1982, he inspected the building and then turned to us with a radiant
and approving smile. He announced, “This is what I always wanted to see
happen with my architecture—this integration with biology.”

The dome is indeed integrative—beyond the combination of archi-
tecture and biology. Mr. Fuller’s concept for the original geodesic domes
took its inspiration from the Earth’s great circle arches, from the beginning
mirroring nature in the broadest sense. The integration of systems has al-
ways characterized New Alchemy’s work as well. There are considerable
numbers of people at New Alchemy involved in organic agriculture, in ag-
uaculture, and in renewable energy research. Using the biological world as
amodel, it has been New Alchemy’s intent to, whenever possible, integrate
design and function. A solar pond, for example, is an aquaculture unit, a
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| e-. - rage unit, and low level furnace. From the beginning we have made
b -~ ous effort to pursue this strategy and to stretch its limits. We believe
1 - ~his reason that an otherwise small and unorthodox institute bhas re-
- -+ e attention 1t has. The integrational approach is part of the funda-
= policy of Ocean Arks International, also; indeed, we could not pred-
-~ design separate from this approach.

. ombining New Alchemy’s ideas with those of Buckminster Fuller
lim ;- ~iillow Dome represents a more complex matrix of integration than
 lma: - criofore been achieved at the Institute. The credit for the idea be-
lijon - - |. Baldwin, then New Alchemy’s soft technology expertand also the
west - - wnology editor of the Whole Earth Catalog and the CoEvolution Quar-
e« was astudent, protegé, and devoted triend of Mr. Fuller. Respond-
F w1 Baldwin’s insistence that we push the bioshelter concept further
L v .ding on the information gleaned from earlier bioshelters, we were
we— ~ :ch aware that they had been intended as prototypes. Their short-
| wreri- 25 had become evident. As pioneering structures they were custom
e~ -~ —1 and built, which had brought them in at high budgets even in the
| mmmr-~ cnities. Some of the materials had not proved completely satisfac-

L omer- ~ ¢ wood used in the framing was susceptible to decay at greenhouse
b lig=-~ - qumidity and the plastic glazings were often short-lived and inad-
. - 0 terms of ight tranmission. After several years of testing and ob-
L w0 o ideas for improvements began to surface. New Alchemy’s com-
L g~ - inicians John Wolfe and Joe Seale framed projections on the most
L e~ - - Configuration and glazing possibilities for the second generation
| ot ™ ~-<):ers while the Ark staff began collaboration on improved designs
| b 11c -:ological components. ]. Baldwin made a study of the economics

§ gz« ovossible production techniques for the structure. He insisted that
' w7 —Conomics be integrated into the thinking to keep construction costs
b i .- -hat it be possible that the components could be mass produced.

: Zrrawing on his training with Bucky, he designed Bioshelter Two as
" mily o~ dome.” The frame is a geodesic dome, thirty-one feet in diameter,
e - of thin aluminum tubes which will not succumb to rot. Advances
i v < physics and materials sciences were incorporated. Computer
wemmirs 71 and the design team were in agreement that the glazing should
 lfiers 71~ membrane of Tefzel ™, made up into thin, inflatable pillows. The
mmeem:nc 1S experimental and is produced by the DuPont Company. It
s = -2 light transmission ability and admits ultra-violet rays which in-
mmenme = ase resistance in plants. The inflated panels are stitf, tough, and
wmiy - utactured. Triangularin shape, heat-sealed along the edges, thev




66

Bioshelters, Ocean Arks, City Farming

clamp onto the light frame. They are filled with argon, a heavy, inert ga
unique as an invisible insulator, which eliminates between fifteen and thirty
percent of the loss of heat at night. Between the outer Tefzel ™ membrane
is an inner film of very thin Tefzel ™. These pillows, triple glazed and filled
with gaseous transparent insulation, represent a major breakthrough i
solar design. Integrating principles of conservation with solar collection
and storage, a night curtain was installed for use during the colder mont
to prevent reradiation of collected solar heat back to the night sky.

Inside the dome, the biological components were installed to maxi-|
mize the advantages of what we had learned over the years in experiment-
ing with semi-closed ecosystems in bioshelters. A bank of solar-algae ponds,
representing the aquaculture, irrigation supply, and heat storage unit, were
placed along the northern periphery of the dome, surrounding a good-
sized and productive fig tree, a tenant of an earlier dome. It had been plastic |
wrapped to protect it during the months of construction and was the reason |
for resurrecting the new dome on the site of the old. It is apparently unper-
turbed by the arbitrary intervention in its accomodation and continues to |
bear prolific quantities of figs. A small central pond was installed to give vis- |
itors a chance to look at fish without peering through a layer of solar pond
fiberglass and the murk of algae laden water. The central pond contains
water hyacinths to demonstrate their water puritying capacity. The south-
ern half of the dome is given over to the same kind of organic agriculture as
practiced in the Ark. It has been innoculated with living soils, unlike the ster-
ile soils of standard greenhouses. With some seasonal fluctuations it pro-
duces crops of vegetables, herbs, and flowers the year around. It is used to
start seedlings in the spring and as a season extender for heat loving crops.
A further integration of function is represented by the use of computers,
not only in the design phase but, as was the case with both the Arks, with sen-
sors connected to a central computer which monitor the ongoing state of
the building, much as the vital functions of a patient in a hospital are moni-
tored. The building with its semi-permeable membrane and contained liv-
ing systems and integrated functions is seen, not exactly as a living entity,
but as a bridge between the living and non-living worlds. It is another step
in the evolution of self-reliant, solar architecture.

The mutually reinforcing advantages of integration have been widely
studied at New Alchemy. One idea has spread rapidly. In 1970, while work-
ing at The Woods Hole Oceanographic Institution, we started a series of
laboratory experiments in which we irrigated and fertilized lettuce with
water from tanks being used to raise bullhead catfish. The lettuce fed with
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biz . <1 <00n completely dwarfed the control plants. Several years later at

l * nemyv we repeated the experiment in field trials, using water from

e~ populated tilapia fish pond. Irrigating with aquaculture water

~- .~=/1 lettuce yields up to one-hundred and twenty percent. Now, in

e -~ <. the concept of linking fish farming and agriculture is coming of

= - - onlarge farms. In the Gila River Valley of Arizona farmers have

-~ Zrowing tilapia and catfish in their irrigation canals prior to releas-

“- water onto their fields of grain and alfalfa. The nitrogen rich fish

wi-~ ~cduce their fertilizer needs by twenty percent, and the fish crops

e ... 01 the expensive geothermally heated water. One Gila River Val-

v =, -~ =1, whose farm economics had been turned around by integrating

pus - -are with agriculture, was quoted as saying, “Aquaculture is ecolog-

gl - ohful”!

; New Alchemy is by no means a pioneer in its use of integration in ag-

Bz - One of the elegant applications of this principle we have seen was

~ = = tthe small farms we visited several years ago on Java in Indonesia.

B~ - <4 tarm, one of many that had been farmed continuously for cen-

me~ - nich reflected in miniature, the major restorative processes in na-

e ~creas most agriculture as a rule is short lived, lasting a few centu-

=~ . .. mnost before the land tires and falls into disrepair, this was a farm

e~ “=rulity was probably increasing each year as it had for hundreds of

--~ .. example of a true partnership between the people and the land.

.- ajor types of agriculture had been interwoven and balanced on

r -~ - of land. There were trees, livestock, grains, grasses, vegetables,

r -~ ~=<. but no single one of these was allowed to dominate. As signifi-

1 .- e disparate elements were the connecting relationships between

P + - aquaculture, and land/agriculature. We in the West almost never

g » . -r and land this way, which may explain partially why our efforts in

e are relatively short lived. The Java farm was hilly. Although the

' - - est was gone, it had been replaced by a domestic forest of trees

e - nomic and food value which protected the hillsides, farm
-~ :nd buildings, as well as the crops and fish culture below.

v ater entered the farm in a relatively pure state via an aqueduct or

g the contour of the land. To charge it with nutrients so that it

mes c=riilize as well as irrigate the crops, the aqueduct passed directly

- ~e animal sheds and the household latrine. The manure enriched

<< subsequently aerated by passing over a small waterfall. It then

- ~¢tween the deep channels between the crops in raised beds where

o - splash directly onto the crops, but seeped laterally into the beds.
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In this way animal and human wastes were used but contamination of a
by pathogens harmful to animals or humans was minimized.

The gardens thus filtered and, to a degree, purified the water. Wa§
neither absorbed nor lost to the garden then formed a channel wherd
flowed into small ponds in which fish, which require water high in nug
ents, were hatched and raised. The banks of the aquaculture ponds wef
planted with a variety of tuberous plants. The leaves were fed to the
and the tubers to the livestock.

The water, enriched by the fish for a second time, then flowed i
rice paddies, flooding and fertilizing them. The nutrient and purificatiod
cycle was repeated. The rice filtered out the nutrients and the organic matd
terials and the water left the paddy in a purer state. At the bottom reache
of the farm, the water entered a large communal, partially managed, pondk
From time to time organic matter, including sediments, was taken from
the pond and carted up to fertilize the soils on the higher reaches of the
landscape.

On this Java farm integration was maximized. What was most inter-}
esting was the exacting degree to which the farmers had worked out the rela-4
tionships with the patterns of balanced interdependence between the vari-
ous components. Had pesticides been applied, for example, the fish, being |
highly sensitive to toxins, would have died and the chain of ecological rela-
tionships would have broken. The ecological integrity of the farm came
from an integration of diversified, overlapping strategies mimicked from §
the patterns of the natural world. In more remote areas of Java, where West- |
ern ways have less impact, there is still a high level of cultural integration as
well. Artand religion are as much a part of daily life as the tending of plants
and animals. The sacred and the aesthetic have not been fragmented and
diverted off in separate directions as is the case with much of our spiritual
and artistic forms.

Precept Seven
Design Should Be

Coevolutionary with the Natural World

In The Pentagon of Power, Louis Mumford refers to machines as de-
fective organisms. Mumford observes: “A monotechnics based upon scien-
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- -elligence and quantitative production, directed mainly toward eco-
» .. wxpansion, material repletion and military superiority has taken the
s - polvtechnics, based primarily, as in agriculture, on the needs, apti-
~ :nd interests of living organisms: above all on man himself”' As his-
« _~rolds in the latter part of the twentieth century, one relatively un-
«= nossibility with the greatest promise of maintaining ourselves on
e -.-.ct lies in what could be seen as a partial reversal or step back from
g1 <+ hnics—but with a difference. With the age of computers well upon
= vetficient that marks our time as so different from all preceding
gy +-« < the fathomless wealth of information that is available to us. Draw-
g~ s resource we would designate a precept that, when possible, hard-
- . .2 tossil-fuel-powered machines be replaced by either information
o 227 3Ms OF, In a surprising number of cases, a combination of both. To
o« - uid be one of the more sophisticated attempts at creating a work-
b o -~ between the human and natural worlds.
v have described previously a working example of this precept in
.~ -~ 2 the bioshelter with its contained living ecosystems made up of a
ge -~ _c of organisms. The building and its components are monitored
jin - -oing basis so we can gather as much information as possible from
g ..~ ~crship of organisms and electronics. The expanded possibilities
e 1~ - pe of partnership are endless. Such a conjoining represents an
.1y for the extension of human intelligence and the intelligence
natural systems. Natural systems have a kind of thrift, a built-in
2 «hility, that we have foresworn during the recent, profligate past.
- ceneral sense the natural world eschews waste. Unlike a number of
- nlevements, most natural events, even those as dramatic as volca-
-~ - .rricanes, are, over time, recycled or healed over. The same could
e - ned for nuclear technologies, to seize on the most obvious exam-
Jeas .~ ntorgiving technology, the scars of which, if unleashed, will not
e - ume frame that has any meaning for us at all. Less long-lived
' zrizerous are the thousands of chemicals, many of them toxic, with
)« - ontnue repeatedly to saturate the land, air, and water.

.« where is the hubris of the modern mindset and its stubbornness
it - acknowledge a superbly worked-out, non-human resource bet-
@i~ - :ed than in our treatment of the basic elements of soil and water.

-~ “ne United States, as a result of mechanized contemporary agri-
~ < loss is occurring over a land greater than that encompassed by
-zl thirteen colonies. Globally the crisis is amplified. Deforestation
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and the concomitant loss of resources had already occurred on a scale that is

larger than the land mass of Brazil. At the same time, in almost all urbanand !

suburban areas, and many rural ones as well, vast amounts of organic waste
materials, which easily could be converted into fertile soils, are allowed to
go completely unused—an extraordinary waste of an extremely valuable
resource.

At New Alchemy our soils were poor and we were interested in prov-
ing that such a process could be reversed. We undertook an experiment.
The soils in the New Alchemy gardens now show the results of large-scale
composting. In the early days, both the evidence of our senses and the re-
sults of soil tests proclaimed our soil to be inadequate, imbalanced, and lack-
ing organic matter. To remedy this and build up the soil we turned to scav-
enging. We haunted supermarkets and school cafeterias for their spoiled
food or leftovers. We scoured beaches for seaweed. We put up a sign at the
town dump asking people to bring us their leaves for recycling rather than
leaving them to be buried as landfill. Everything was grist to the mill of the
compost pile. In the first two summers we made easily ten tons of compost.
The result in three years was a healthy balanced soil that could support our
organic gardens and orchards. We no longer need to make compostin such
large quantity, but it is part of good gardening practice to replace what is
taken from the soil in the form of the yearly harvest. Composting either in
ditches between rows of raised beds and the more orthodox compost pile
accomplish this—simply by providing the raw materials for the bacteria and
the earthworms who are only too eager to do the job. The end product is
free, and neither based on fossil fuels like boxes of chemical fertilizers nor
limited to a narrow spectrum of macronutrients as are the major phosphor-
ous, nitrogen, and potassium fertilizers. The composting process, in com-
bining a human need and the activities of thousands of microorganisms
transforms waste material that under most circumstances is regarded as
having only nuisance value.

Information, particularly information in the form of microorga-
nisms, can be used in many ways to accomplish the given ends. We had some
first-hand experience with the capabilities of organisms in fields other than
composting in the early days at New Alchemy as well. At that time we were
looking for an inexpensive, low energy method of purifying the nitrogenous
wastes in the fish tanks in order to maintain the water in a condition accept-
able to the fish. Reading an aquaculture manual that had been published in
the 1920’s, Bill McLarney learned that it was feasible to place a calcium sub-

"
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- he ponds which would serve as a host for a strain of bacteria that
- -he nitrogenous wastes given off by the fish. Armed with this clue,

pee -~ ed several old refrigerator liners from the Falmouth dump and
e - - nem along the edge of the pond. We laid a layer of clam shells—in

+~ ~n Cape Cod it was quahog shells—for the substrate, then added

puan-~ - = inths for further water purification. Using a water pumping wind-

e case and an electrical pump in another, we pumped the water

- - pond through a series of purification tanks. Aeration of the water

+ ~eved simply by placing the purification tanks above the level of the

- -+ =d and letting the water splash down several feet on its return. We

e - ot only that the water was satisfactorily purified for the fish in this

"~ the formerly toxic ammonia was tranformed by the bacteria into

-~ znd nitrates which acted as a fertilizer for the algae which were the

w - -«d supply for the fish. Unexpectedly, another level of integration

4~ oved.

“ne point here is that an area an comprehensive as a landscape can

-ases be restored with a wise use of scientific information and bio-

- «ls i place of capital-intensive strategies. In ecologically reduced

= must invariably, one finds that the soil is too porous and has lostits

nold moisture for long periods. A goodly portion of the planet that

e~ overexploited by humans and their livestock is in this state. When

g ¢ ~: “helr spongy, water-absorbing qualities, flash floods, drought, and

.ir - Dsoils become the norm. Lack of fresh water near the soil surface is

r 7.+ - stumbling block to the restorative process. A major challengetoa

i ¢ science will be to find ways to reverse the process, to learn how
gt~ ~ +i1s can be made to hold water again.

we were confronted with justsuch a challenge ona coral island in the

pum:ic - :he Indian Ocean. Several years ago we were asked by the Thresh-

e

= danon, based in London, as part of their fledgling “Islands in the
= et 1o visit, with several colleagues, an atoll in the Seychelles and

B~ Zate the possibilities of increasing ecological diversity there. Fresh

« : major problem on coral islands. Coralline soils are notorious for
r a~ "¢ of surface lakes or ponds and for their inability to hold water.

bz« :-cT 1s normally held in household cisterns or water is pumped up

I

g e—xes are readily depleted and invaded by salt water, which was hap-

rwrsc 5 the atoll in the Seychelles.

szrdecting on the inability of the soils to hold water at the surface, we
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remembered a research paper we had read about a decade earlier. Several
Russian scientists had wanted to find out why bogs and small ponds often |
formed on top of rubble-heap hills, places which under normal conditions
would not hold water for long. They discovered that this was made possible
through a biological process that occurs over rather long pertods of time, a
process they called gley formation. Gley is like a biological sealant or plastic
that forms in the absence of oxygen when the carbon-to-nitrogen ratio of
accumulated plant material is just right. i

We were curious to find out if surface lakes could be made on coral:
islands through a speeded up or “quick-time” gley formation. The atoll}
provided a chance to experiment, to simulate a natural process specific to§
bogs in Russia at least. We had a large pond dug with a small backhoe and
had coconuts shredded and laid six-inches deep on the pond bottom. To
add nitrogen and other essential ingredients, we gathered and added |
another six-inch layer of shredded wild papaya, trunks, leaves, and stems—
papaya being a prominent understory plant there and suited to our task.
To drive out the oxygen and produce an anaerobic environment, we laid
down alayer of flimsy plastic sheeting and, on top of that, six inches of coral {
sand. We tamped down the bottom and the sides.

The pond was given an initial infusion of well water and then we
waited for the rainy season to come. The pond filled with the rains and
stayed that way. It began to act as an ecological magnet for all kinds of life
forms, increasing the base for diversity in the gardens and livestock. On a
visit later to the island, the ornithologist Sir Peter Scott discovered that the:
fresh-water pond was attracting migratory birds that rarely land in the vast
expanse of the Indian Ocean.

There is another side to the tale. The outstanding soil biologist,
Stuart Hill of McGill University, was with us during our stay. He lamented!
the fact that the soils there were so alkaline that few domestic plants could]
be grown in them. He decided to neutralize the garden soils by adding acids}
from a biological source. Because compost releases organic acids just be-
fore the process is completed, he made a compost heap. When it reached ]
the acid-releasing stage, he placed some of it, not yet ready by ordinary
standards, on the gardens where they could release their acids and make?
the soils more suitable for growing food. It was Dr. Hill’s ecological equiva-
lent to the expensive petrochemically-based methods of balancing soils. §
Such experiences illustrate that there exists a vast storehouse of knowledge |
locked up in the insular reaches of academic and scientific institutions that




imeiner: Sewage Purification, Aquaculture,
| G Electricity Facility

w24 to form the basis of both the science and the practice of earth
a2~ :p. The keys to the restorative process are inherent in the work-
" R LR § { o

~ser to home the concept of using natural organisms and solar
ourify sewage is gaining acceptance. We have mentioned that a
) r Cape Cod towns are interested in a new approach to sewage
e - - - 1ncorporating bioshelter to enclose a warm solar-heated envi-
me - ~1thin which sewage-purifying aquatic ecosystems would be es-
i1~ Such waste-treating ecosystems are being pioneered by the Na-
-~ mautics and Space Administration (NASA) at Lucedale, Missis-

. .~ - v Solar AquaSystems of Encinitas, California.
~~¢ Solar AquaSystems method involves preliminary treatment of
 « :2¢ and then pumping it into special ponds inside the solar
ey 3¢, Once inside the ponds, the sewage is aerated and bacteria,
- -rnscopic animals and higher aquatic plants such as floating water
a1 - 20 to work removing toxins and organic matter from the water.
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Scientists in Europe have discovered that bullrushes and sedges added to a
system like this will take up harmful metals.”

The solar purification process we illustrate here produces by-pro-
ducts with commercial value. The aquatic plants can be harvested and
made into high quality soil amendments or into supplemental livestock
feeds. Biogas and electricity can be generated from the plants and sedi-
ments. Parts of the bioshelter can double as fish hatcheries making use of
the solar heated, purified, and sterilized sewage water.

Such concepts are already proven in a number of research facilities
and are being considered or tried out in a number of towns. All of these
new sewage treatment plants are regarded as prototypes. However, the
ecological purification elements work, and small towns, particularly those
with septage wastes, would be wise to adapt bioshelter-based water purifi-
cation and to propagate and market the many economically useful by-pro-
ducts. Treating wastes this way would no longer be a monetary drain on a
community. Instead the biotechnology would create a sewage driven
“farm,” which would be an economic unit in its own right.

Ideas such as these are being listened to, and in some cases adopted.
Their time has come. Renewable energy and the myriad skills of the or-
ganic world are gaining credibility and as energy and material costs rise will
achieve the ultimate stamp of approval, economic credibility. Teamed with
intelligent and sensitive monitoring and information technologies the
horizon expands. Toward the end of The Pentagon of Power Dr. Mumford
summarizes, “If we are to prevent megatechnics from further controlling
and deforming every aspect of human culture, we shall be able to do so only
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- aid of a radically different model derived directly, not from

-~ hut from living organisms and organic complexes (ecosystems).
© 7e known about life only through the process of living—and so 1s

¢ - on the humblest of organisms—must be added to all the other as-
- -an be observed, abstracted, measured.””

«- Eioht:
ding and Design Should Help To Heal the Planet

. ~¢ the other precepts for future design that we have enumerated
- «me that follows is more guideline or mindset than rule. The
- working with the living world and taking one’s cue from the
w:cernible there is the circuitous and overlapping vet incomplete
“what one is able to perceive ot its being. Processes, structure, and
- 2renterwoven; everything is recycled to be born again. Allis mo-
< rlux. Nor is everything entirely predictable. Mutations appear.
- <> are born, others die and are gone forever. Gary Snyder once
~:¢ greatest tear for the future was the irreversible diminution of
- ool —that vast resource baok of living material which gives Gaia
2= ot resiliency and adaptability. In attempting to formulate
<11 -~ tor thinking about the kind of design that will evolve harmoni-
puiv - - - . the natural continuum there is a factor that has been little con-
‘ w orn the past. It now has become possible to reverse the path
oo+ - < destruction of the natural world which, although old or older
y 1 ewnoof agriculture, in our time has been proceeding at an unpre-
iie-7 - ~:1e. We are now capable of affecting a reversal of the millennia-
.~z of the planetary fabric. We have acquired the knowledge of
) ¢ technology, and the potential partnership i coevolution with
Jpiro. - world to begin a process of planetary healing.
: 2 moanetary healing we mean what the folksinger Pete Seeger said
~- allv when he wished for a golden thread with which he could
vz s sorry world—with hand and heart and mind.”™ We are con-
.z the equivalent of such a thread now exists in the form of some
w10 Tod and interacting disciplines such as biology, ecology, and
B2 and as a result of advances in materials sciences and technol-
e o large-scale restoration possible. We argue this knowing that



Bioshelters, Ocean Arks, City Farming

the industrialized countries continue, as is evident in their policies and a6
tion, to behave as though they do not believe that we are all ultimately deq
pendent on the unimpaired functioning natural world for survivall
Acknowledging that, because of this, the political and sociological hurdles
appear close to insurmountable, the need for such work is all the mo :
pressing and obvious in terms of an intrinsic obligation to the natural
world. It is also our duty, our obligation to provide for present and future|
human generations. We have elected through our work in its various forms;
to attempt to do so.

There are countless small precedents for such an attempt and a few]
major ones. The small ones are as numerous as there are well tended gar-
dens and fields, or conscientious environmentalists and nature lovers—any-|
one who acts to protect and preserve any form of living species. A favorite
story in ecological circles is of The Man Who Planted Trees. The man, El-}
zeard Bouffier, was a shepherd who lived in southern France. Starting be-
fore the first World War, when death and destruction was the norm for so
much of the world, he followed his solitary path, planting trees as he went.
In his wake, where hillsides had been barren, they slowly returned to forest. |
Springs found their way back to the surface of the ground and the trees at-
tracted the rains again. Then people began to drift back and settle in areas
they had previously had to abandon and the region again came back to life. ]
Elzeard Bouffier managed to reverse a process so common that we tend to
see it as inevitable. Instead of deforestation followed by erosion and desert-
ification, through the efforts of one single-minded man, a range of hills in
southern France was transformed from barren lands to a series of green
hills that created a habitat for a rich reservoir of life forms, all contributing
in the way to the overall functioning of Gaia.

Richard St. Barbe Baker was another man who planted trees. In the
ninety-two years of his life (he died in 1982) he fought to save California’s
remaining virgin Redwoods, a campaign that was crowned with the estab-
lishment of Redwood National Park. He wrote more than thirty books,
campaigned and educated tirelessly on the beauty and importance of trees,
and founded a society called “Men of the Trees” to extend the work. He was
convinced, as we are, that many currently deserted areas were once
forested and in 1952 found evidence that much of the Sahara had once
been a tropical forest. He believed that the Sahara could be reforested to
support one-hundred million people. A lifelong pacifist, he believed that
the world’s armies should be turned to planting trees.

Wendy Campbell Purdy is a woman who plants trees. Inspired by
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r 12 :< of Richard St. Barbe Baker she began her work more than twenty
: 20 planting trees in Morocco. According to the publication Manas,
-z zrs after she had established her first planting, the trees were twelve

-~ <7 and she was able to grow wheat in the shelter which had been
= 7v the trees due to increasing surface humidity.” She had a similar
~n a larger scale, in Algeria. She subsequently founded a trust
“~¢ “Tree of Life” to continue her work. Building on her already
orojects, Tree of Life plans to plant a thousand mile protective
~-~ all” right across Algeria in the shelter of which grains, orchards,
«+zziables will be planted. Work such as this is healing the planet in
- ~nse—anongoing process by which the innate abilities of the human
rzznic worlds are inextricably interwoven and mutually enriching.
-~ the life support of hundreds of millions of people is threatened
e orld’s expanding deserts. That this is not inevitable has been
s~~~ the work of these dedicated tree people.
Xzstoration is also possible and worthwhile and rewarding on a scale
T ~= modest than in the magnificent work of the three legends cited
e~ ~ nc valley below our house on Cape Cod has evolved through a
- -t phases. It is the inland end of what is a salt marsh half a mile
he sea. The area conservation officer tells us that he can re-
fer -+ - - hen it was pasture for cows. When we first moved here in 1970 it
¥ i -zle of underbrush. We installed goats for milk for our children
it o 2 the period they were growing up the valley was managed by the
pax- - -+ were fairly indiscriminate and generous in their pruning
e o~ \When we retired the goats we found that the plant range had
et - -+ .ced to not much more than monocrop goldenrod. We have since
.« small vegetable, herb, and flower garden, extensively fortified
=~ ~< omnipresent and omnivorous woodchuck population. Outside
-<-n fence we are inoculating almost at random, various meadow
-4 wild flowers. If weeds like mullein or daisies appear in the gar-
» - ‘ransplant them. We have transplanted rose mallow from the
e 112 marsh in the wetter areas. The greatest determinant of what
—~ 5. of course, whether or not the woodchuck finds it appetizing.
- = small and almost sporadic efforts we have made so far in en-
2~ - = plant diversity, however, have been more than rewarded by the
fpre-- .4 number of birds that have been attracted. Far greater than in
110« f the neighboring woods, there are times, in all season, when the
“zrallv hums with the movement and sound of birds.
~:ch an experience can be replicated on a far greater scale.

I
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Although there are few areas in the world where the primal ecologicalj
tegrity has not been violated, it is our hypothesis that there is a chance ¢
the ancient ecology lives on, but in scattered forms—in bits and pieces|
various parts of the world—where it is available to be reassembled. Taks
as an example the depleted shores and waters of the Mediterranean,
envisioning how magnificent they must have been before the area fell b

to its destiny as the cradle of our civilization—there are other environmes
around the globe analogous to that of the Mediterranean. Some of t
species differ somewhat but similar life forms with comparable struct
relationships exist in parts of California, Chile, Australia, Africa, and
Indian subcontinent. It might be possible that organisms gathered frod
such areas combined with those in the Mediterranean itself contain, i
aggregate, a sufficient array of species from which to restore or recreate tk
ancient ecological integrity of the region. We have drawn up a pilot projec
to begin to tackle a project of such vast proportions, one that integrates ou
experience in biotechnology and the replanting ideas of Boufhier, St. Barh
Baker, and Wendy Purdy Smith. i

The first step would be to create salt marshes in low-lying valleys. Td
do so we would install New Alchemy sail-wing windmills to pump sea wate
into low-lying coastal valleys. The sea water would flow by gravity back ta
the sea, the windmills providing a technological analogue of tidal action.!
The newly created salt marshes would then be planted with a variety of or-{
ganisms and seeded with marine creatures collected from relic Mediter-
ranean marshes. At this juncture ecologically-based mariculture could be}
undertaken to provide the restoration process with an economic base.

As the salt marsh becomes established the plan would be to plant |
brackish-water-tolerant plants, including the commercially important
carob tree, around the edges. Many of these salt-tolerant plants would
serve as an ecological beachhead for less tolerant plants on adjacent
ground above. As the salt marshes start to act as catch basins for seasonal
rains, this process will speed up. The marsh would begin to host a wide
diversity of life forms, moving outward from the center, which in turn
could trigger a more ecologically complex restoration cycle. The marsh
complex would have the additional benefit of enhancing nearby marine
life by acting as a nursery for many organisms that spend much of their
adult lives in the sea.

We have mapped out a further restorative strategy that is more
technological and would be particularly applicable to arid or impoverished
areas. Bioshelters would be constructed for distilling sea water with the
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e - 27 2e intention of nurturing young forests. The bioshelters would be
B nately fifty feet in diameter and use New Alchemy’s pillow dome
.7e. About a dozen would be pitched in a circle, like an Indian en-

-~ ent. Inside the central zone of each structure would be the translu-

i - v tanks or solar-algae ponds to grow fish and to heat and cool build-

- ' ring the day, relatively cool sea water would be pumped into them.
e - iperature differential between the water in the ponds and the air
- e enough to cause the tanks to sweat fresh water down their sides
i~ ground. At night the air would loose its heat to the atmosphere
g o moisture-laden air within would condense on the inside of the
o~ - er skin and “rain” down onto the ground inside the periphery of
- ...ding. Trees and other plants would be planted in the wet zones

e - by the “weeping” of the bioshelter. Once their roots were estab-
ire-- <nd compost rich soils created, the protective embryo of the bioshel-
..id be lifted off and taken to a new site to repeat the process, leaving

1.~ 1 the newly liberated ecosystem. Hardy trees could be planted adja-

1 2+ this nucleus to further diversify the restoration process. Each
u~" =..er might be in place for two or three years before being moved to

e - < <¢ locale. There are many possible variations on the salt marsh and
e~ - :ier schemes and a number of intermediate approaches. Taken to-
hSS they add up to an assembly of biotechnologies which can serve the

4 P ot Nine:
Mblgn Should Follow a Sacred Ecology

K In his essay on “Form, Substance and Difference,” Gregory Bateson
| ww -2 The individual mind is immanent but not only in the body. Itisim-
| ..~ =nt also in pathways and messages outside the body; and there is a
| wr 22 Mind of which the individual mind is only a sub-system. This larger
| mu- - 1s comparable to God and is perhaps what some people mean by God,
w2 as still immanent in the total interconnected social systems and plan-
@ wcology.” This undifferentiated interconnectedness of the human and
. .ral worlds in an unknowable “metapattern which connects” is what we
1. = come to think of as sacred ecology. It is the foundation and the sum-
.. .on of all the preceding precepts of design. At the Solar Village Confer-
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ence Keith Critchlow had reminded us: “The necessity of the sacred
titude is one of remembering—remembering the larger context of ond
existence, one’s duties to one’s environment and to the invisible principlé
that regenerate life constantly.” The Native American leader Philip Deen
of the Muscokee tribe added: “You cannot destroy our kind without de
stroying nature and you cannot destroy nature without destroying thd
Creator.” Philip Deere and his people treasure the past and present in the
active manner that Keith Critchlow and the poet Annie Dillard imply. They
incorporate the sacred into a living context as do many other traditionz
cultures whose ways have become peripheral to the dominant thrust of§
global events. At the Solar Village Conference the Chinese American ar-
chitect Paul Sun described the world view of Feng-Shui, traces of which can]
still be found in modern China. Feng-Shui had its beginnings in celestial ]
observation and profound spiritual reflection. The system translated into
daily life and practice. Feng-Shui, literally, “Winds and Water,” is also !
known by the more poetic name of Kanyu, “The canopy of heaven and the
chariot of earth.” It is the art of cooperating and harmonizing with nature
so that a balanced life will result for the inhabitants and their descendents
in a given dwelling. Feng-Shui determines where houses and other struc-
tures should be sited, as well as gardens and fields, in relation to land forms §
and the presence and movement of wind and water. The superstition that
cloaked the ecologically sound pragmatism of Feng-Shui behind lurking
threats for evil or inauspicious acts, gave it authority over uneducated far-
mers and villagers who might have abused the land.

Like modern solar and earth sheltered architecture and the under-
ground designs of Malcolm Wells, Feng-Shui recommended that, when
possible, a house should face a southerly direction with its back to a large
hill. Like Druidic tradition, Feng-Shui specified planting, growing and har-
vest instructions. It would advocate, for example, that plum and date trees
be planted to the south for sun, apricots to the north as they prefer cool
shade, willows to the east where they create leaty shadows, and pines to the
west for shade from the slanting rays of the sinking sun. Embracing the
profundity of Taoist wisdom, Feng-Shui was yet totally accessible for gui-
dance in humble matters. It was a world view that informed, directed, and
gave meaning on a daily level to a stable culture.

In ancient times and from time to time since, a larger construct, one
that reflected a larger reality, has held sway in the minds of cultures every-
where. The universe was the source of understanding for life and perceived
as mysterious, relevant, and alive. The stars were thought to be the origin
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-t gods.From generations over millennia who traced their courses, the sci-
=nces of astronomy, numbers, and music developed. The patterns of celes-
‘1l movement were seen to be closely connected to human and universal
testiny. They provided for a world view, and gave a framework in which the
iniverse was comprehensible. Humanity had a clear place within this de-
-inv. Almost everywhere on the planet there can still be found reminders
- other ancient cultures that saw the sacred as the focus for their lives. We
“ave been reluctant to acknowledge the superb intelligence of these ancient
scoples. Their structures—Stonehenge, Glastonbury, the Pyramids,
{ :shuanaco, Machu Picchu, and countless other less monumental or less
-cll-preserved remnants describe what could only have been high cul-
res. With all our complex structures, we have built littde that will have
~«wer as compelling in as many thousands of years again. Our unquestion-
=2 acceptance of the concept of technological progress has blinded us to
~ich of the wisdom of the past. It seems as though we have lost a subte
.»ct of what our Wampanoag friend called our instructions—or do not
~ase to remember them. Yet as our world view slowly begins to change to
-~ orporate the new paradigm indicated by recent discoveries of science,
- «ruicularly physics and biology, a continuum is becoming apparent that
s~es itincreasingly plausible to forge links between an ecologically based
<mology and a sense of the sacred.
A concrete embodiment of this understanding is finding expression
- “e Chapel at Lindisfarne in Crestone, Colorado. Also called the Grail, it
- - unnsecration of William Irwin Thompson’s vision of a new harmony be-
=1 nature and culture. Dr. Thompson has said, “Itis not enough to raise
“sciousness. One must lower the spiritinto the earth to embody a change
-.:ngs as basic as food, shelter, and livelihood.”? Originating in an idea of
_ - Ihompson’s and designed by Keith Critchlow working with Rachel
- -~ her and Robert Lawlor, the Grail has neither decoration nor iconog-
| -2 Iisdesign is based on principles of sacred geometry which lie above
. . < chind all temples from Islamic mosques, to Shinto shrines, to Gothic
‘ -~edrals. The intent, in the words of Keith Critchlow, is to bring to con-
~ .sness “the mnemonic or awakening quality that number and spatial
-7als can have, to help us remember the underlying structure of the
-tand our relationship to it.”* The Grail embodies a universal spiritual-
] [t attests to and honors the highest insights of all religions. Dr.
] mpson and the associates of Lindisfarne intend it as a crucible of the
] - ~uality of the new planetary culture, in which everyday life, not tech-
zical progress, wealth or materialism, is again understood as sacred.
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Paolo Soleri’s Acrosanti is not surpassed by any other community &
regard to a vision playing out the commitment to a sacred ecology. Base
on a profoundly religious interpretation of human destiny as participato
in the spiritualization of matter, Dr. Soleri’s work has been to found a cit
that will move humanity toward the Divine. He has written that, “The d#
vine is practically all in the future and we, life, are responsible for its creaf
tion. The divine simulation is, or ought to be, our blueprint for creation.”* §

The city that is the manifestation of his vision is located seventy
miles from Phoenix, near the town of Scottsdale, in the high desert country
of Arizona. Newsweek magazine has called Arcosanti, “a mystical vision &
concrete... probably the most important experiment undertaken in our
lifetime.”” To accomodate an intended high population density, the city s
designed to be compact and three dimensional. The main structures off
concrete, steel, and glass are built close to the edge of a mesa, leaving the|
flat land free for cultivation. The structures themselves look likef
sculptures, but they function like orthodox buildings. The city will eventu-}
ally be self-sutficient in both energy and food. In its planning Dr. Soleri has |
united concepts of architecture and ecology into a concept he has termed
arcology, which utilizes a number of physical and biological phenomena.
Cars are not needed in Arcosanti, because it is a compact community.
Efficient use of land will leave ninety percent of the land available for farm-
ing and wilderness. Industrial pollution is recycled and little is wasted. Ac-
rosanti is a small controlled model, but the principles it is based on could be
transplanted to more complex systems. Soleri believes, however, that the
smallness of urban scale is one factor in creating livable communities.

Central to Dr. Soleri’s principle of design is his theory of the urban ef-
fect, a socializing principal he notes exists first on a particle level. At a cer-
tain point two or more particles of physical matter begin to interact in ways
other than statistical and fatal. Matter moves from behavior governed by
the laws of physics into behavior which is organic or living; behavior be-
comes instinctive, self-conscious, mental, cultural, and spiritual. Soleri sees
this urban effect as the natural enactment of human evolution, for which
the intensity of urban life—as opposed to socially-isolated sparse rural set-
tlement—is necessary. In his book The Omega Seed, Dr. Soleri describes the
urban effect as, “the progressive interiorization, urbanization, of the mass-
energy universe, initially deploying itself in space-time and eventually re-
collecting itself, through the transfigurative process of evolution, into
spirit.”®
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LASER SPISE

Cathedral Bioshelter: St. John the Divine, New York City

Almost a continent away from Arcosanti in New York City, The
Cathedral Church of St. John the Divine, the largest Gothic structure in the
world, has enfolded ecology into its expansive program. The Cathedral is
rivaled in size and splendor only by breadth of the mission that has been
forged for it by a succession of farsighted men. Under the present leader-
ship of the Right Reverend Paul Moore, Bishop of New York, and the Very




Cathedral Bioshelter, South Transcept




Window Elements: Natural Shading, Glazing,
Enameled Steel and Cast Iron

Reverend James Paul Morton, the Dean of the Cathedral, St. John the Di-
vine is pursuing a course that honors the tradition inherent to its history
and its architecture. In its time, the medieval cathedral was the center of its
community, administering to all aspects of human life. Quoting Dean Mor-
ton, “Education, healing, the guilds, the arts, the market were all tied to the
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-=ral. It was the symbol of the perfection of urban life.”” Accordingly,

" 4an the Divine the arts, crafts, world peace, social justice, and ecolog-
~cerns are all part of the fabric of Cathedral life.

‘ The Cathedral has in residence its own drama, dance, and music
poe. ~ . and is, in addition, frequent host to performances by innumerable

e~ ZToups, from the internationally known to the dedicated amateur.
e~ people use the church as much more than space—they are

v - 20 make a contribution to a community integrating the sacred and

v The medieval past is honored at the Cathedral, and so is the dawn
i .= solar age. We have proposed that the Cathedral be solar heated, as
<2 of heating it is growing rapidly. Our idea is to replace the copper

J.ass. . Such a roof top greenhouse is to trap warm air which would be
; -2 down into the subterranean vaults of the Cathedral for later use in
e 2~ ~ 2. Our plan also calls for the interior of the roof area to be used for
f e — =35 propagation of fruit, nut, and ornamental trees, which could be
| mc-- =+ millions to help reforest New York.

; The architect David Sellers grafted our ideas onto a new architec-
b mur: Corm for the Cathedral. He has proposed that the south transept,
| wnu was never built, be redesigned as a Gothic bioshelter. It is named the
| B~ Dubos bioshelter, honoring a man who fused Christian tradition and

| = . 2cal thought. David Sellers designed the southern transept with a

| .= roof through which solar heat is ducted to heat the nave. Sellers’ de-

| s : place solar hot water collectors on the existing south roof to heat

' w»z0:7 o bestored inavastchamber under the crossing. In this way summer

a.- -~ ald be used for winter heating. The bioshelter design expresses are-

} =~ oing relationship between Christianity and ecology. The chapel con-
b 1~ : garden comprised of an ecosystem specifically adapted to the

.z medral’s space and climate.

As the stones are being cut for these towers, under construction
urx " atter a fifty-year full, St. John the Divine grows daily closer to its own
we:o of a Cathedral. 1t will be a statement in stone embracing past and
~.”_.rc. serving the people of the Diocese of New York and of the world.

In creating sacred structures or communities which embrace
~ .- zical principles, projects like the Grail, Arcosanti, and St. John the Di-

~-= are affirming an emerging cosmology evocative of the intuitions of
r -+2:¢s and ancient peoples. So vast a vision may seem far removed from
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considerations of biological design and solar architecture, from growing
food or recycling waste, but it is this vision that informs our work. Working
within the framework of a sacred ecology, often at the most pragmatic
levels, to implement the changes that would foster a gentler world, we mav
find that we are beginning, as J. B. Priestley said in Literature and Western
Man, “’To think and feel and behave as if our society were already beginning
to be contained by religion-as if we were finding our way home again in
the universe.”*




Chapter Four

Redesigning Communities

I. History and Bioregion

The evolution of a given settlement or community is constrained by
r~ .»ation and history as well as by conflicting existing forces. There may
=« :ntherited limitations, but like a skeleton, they are the basis for structure,
- ~ement, and future action. From a biological perspective, that which
-=< been inherited is the ground against which ecological ideas are
- .oerimposed. When most of the buildings in a neighborhood are vacant
~ere is usually good reason for it, but the same reasons can be turned
=~ +und on themselves to illuminate new opportunities. Much of the new
~ «1al and economic frontier will lie in the buildings themselves and in are-
-zwed social infrastructure surrounding their use. Function will play a
.:7z€ part in determining the qualities of a neighborhood. One must per-

*1v€ @ community in relation to its past in order to see its early riches, or
st or unexploited potential.

A good way to develop a time perspective for acommunity is to track
= «wn old drawings and photos and to gather as many stories as possible
--om long-time residents. The local historical society often holds treasure
=oves of information. Through the process of asembling bits and pieces of
1e past, a sense of the structure of a community, how it worked, and is
«nrking currently can be slowly acquired. Asking people directly what they
:xke and dislike about a community now and in the past will help to etch the
<crengths and weaknesses of an area and to reveal the course for improve-
ments. Public transportation is often a bellwether to understanding the
“hanging economic and social relationships of an area. Another potentially
sruitful exercise is to chronicle the location, type, and power output of elec-
‘rical power stations over the years. Older communities have usually shifted
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away from local electrical generation to larger more centralized stations with
greater capacity. The same pattern applies to the history of waste treatment. ]

Imagine for a moment a cross section of a sample coastal city, from]
waterfront inland to wooded shrubs. Any analysis of social patterns and
their relationship to the structure of the community would require the pre-
viously mentioned historical perspective combined with contemporary ae-
rial photographs. What would emerge is a set of relationships between re- |
sidential, commercial, and manufacturing areas that directly define a given |
neighborhood. Historically, polluting industries and their workers were
separated from middle and upper class residential areas. Commerce was
usually centrally located in the center, close enough to industry to interact
with it yet serving as a “barrier” shielding “better neighborhoods” from the |
roughness of industry and poorer areas. Industry, commerce, merchandis-
ing, and housing grew in relation to each other through a mix of practical
and social influences. These earlier patterns are currently being upset in
some areas as people begin to reinhabit warehouse districts, preferring to
live there, and turning away from the sterility of very new neighborhoods.

A recent determinant of settlement is the interstate highway system
which, since the 1950s, has been a dominant factor almost everywhere.
In many instances the centers of towns have shifted to the outskirts. The
interchange town and communities that have grown up are completely de-
pendent upon the car and most probably, in the long run, on relatively
cheap gas.

Few of us are used to thinking about settlement in the context of the
bioregion, yet in learning to do so, we can begin to understand the ways in
which places like New York, New Orleans, Kansas City, or Denver, to arbit-
rarily choose a few examples, are ditferent. The respective fates of these
cities were, and are, refected in the characteristics of their bioregion, just as
ghost towns and abandoned villags also have something to teach us about
communal failures, fragile relationships, and deep changes in fashion.
Walking through a ghost town, the deserted skeleton of a social system
makes it possible to trace what went wrong and to imagine what can and
does work in a community.

By sheer dint of bioregion and location, New York City was fated to
be one of the world’s great centers. Historically, other cities like Montreal
and New Orleans might have been rivals, but they have never equalled New
York in influence. The reaons for this can be gleaned from a list of the city’s
major physical and biological attributes. The initial attributes of New York




Redesigning Communities
L=

F included: i. abundant pure water; ii. a benign climate; iii. good soil and
icultural capacity; iv. the Hudson River and direct access to the Hinter-
ds: v. great, hardwood forests; vi. exceptional marine resources includ-
‘fisheries; vii. superb harbors free of ice year round; viii. and placement
he center oof an access hub to New England, Europe, the great grain
ducing mid-west via the Great Lakes, the West Indies, and Southeastern
ned States. The combination of these made New York City America’s
pwav. Coal, a key resource, was close at hand in Pennsylvania. Ship-
Mding and shipping developed to solidify and enhance New York’s
egional inheritance. Although Boston had many of the same attri-
e<. itlacked a great river connecting it to interior forests and water ways,
Great Lakes, and the continent beyond. The soils in the Boston area
thinner and the climate slightly harsher. Baltimore, similarly, lacked
ess to the inland and was somewhat isolated by Chesapeake Bay from
eral shipping routes. Montreal was a frozen port in winter, and New Or-
s too distant from Europe and New England. New York, whose story
sheer dint of size has a heroic quality, has had a fate much like kings of
1t began to change as much of the original basis of wealth began to
de. Stock Markets and financial communities cannot function forever in
uum. The Stock Market and Wall Street are like the inner grids of com-
ers. cut off from the materials they represent. The stock yards of 1I-
s . the refineries of Texas, or the steel mills of Indiana have nothing di-
1ls 10 do with the functioning of New York City, although they are bar-
ed for there and support the internal business of the city. Distant
reces of food, energy, and materials long ago replaced regional produc-
. The critical economic diversity of the city and its outlying region by

- have been lost, which weakens the whole—the fabric of the bioregion.
New York’s exhausted biological resources include the once-pro-
ive Long Island and Jersey shore commercial fisheries eliminated by
iion, habitat destruction, and over-exploitation; the indigenous ship-
dding industry; the merchant marine which has shifted principally to
1gn fleets and flags; agricultural land, as development has pushed ag-
alture off the best soils; and the great primeval forests. In some areas
forests ringing the population centers are growing up again, although

e are not sufficient to provide local wood.

A key element to the stabilization of New York lies in renewed caring
its basic biological resources. Although the former richness can never
rezained, a plurality of activity that would increase social flexibility, ac-
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tivity, and dynamic quality can be created. The following activities, in cos
bination, would help return much of the resource base to the region. 4

1. The modification of housing and commercial developmer
around New York to reduce sprawl. :

2. The recycling by industry of water and airborne wastes at sourd
to improve environmental quality so that conditions are more pleasant fe
people living nearby, making them less inclined to want to leave the area

3. The true modernization of industry around themes of low
energy requirements, internal waste purification, and highly adaptive a
flexible working environments. If these qualities are combined with a shi
towards high quality products rather than over-production, industryl
would be much more ethicient. i

4. The recycling and reusage of sewage, making useable by-pro-
ducts from it. '

5. The recycling of water for city maintenance functions. |

6. The redesign of urban landscaping based on food and ecolog- !
ical “islands”, or small wilderness areas, to develop more liveable areas.

7. The rehabilitation of waterfronts, drawing on the example of
South Sea Port, to include housing, mariculture, and floating complexes in |
order to bring the ocean and the river back into the life of the city.

8. Therestoration of salt marshes and ocean fish inshore nurseries.

9. The development of coastal mariculture on a scale like that of
Japan.

10.  The reclamation of some of the original farm land.

11.  Ashiftin the energy base to renewable energy sources, particu-
larly solar, quickly and in some volume.

The gradual implementation of these ideas would restore to New
York City some part of the biological riches of its original inheritance.

Ciues like Tucson, Phoenix, and San Diego lack many of the biolog-
ical resources that apply to New York. Their growth has been sustained by
the heavy importation of water. As continued importation will not come
cheaply, much of their future depends on re-using, and purifying, recycl-
ing water, and in creating industry and agriculture requiring minimal
water use. Long-term viability for such cities lies in creating a profound dry
lands mentality and culture in small villages similar to that of Paolo Soleri’s
thinking at Arcosanti in Arizona.

The Great Plains have their own characteristic beauty, destiny, and
culture. Flying over the cities of the Plains one is immediately struck by the
fact that they are located on rivers—Wichita on the Arkansas River, Topeka
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ot - - Runsas River, Kansas City on the Missouri River, Omaha on the lowa
B -- 1d so on. These river veins or arteries are still essential to these ag-
. - ol cities, but to a lesser extent than they used to be. The history and

:r-2ons of such cities have much in common. There are a number of
pr. .-+ ithat make them viable and regulate their over-all size. Water is av-
k.~ - 211 modest by reliable quantities in spite of the trend, in recent years,
p v .1 deep aquifers for fossil water to support agricultural production.
-ve usually situated amidst good to exceptional soils which are the
-:ith ot the region. The continuing fertility of the land is essential to
- ~ival of such cities. The prevailing climate and soils are superbly
- 1 10 grains and grasses, which are the basis for a viable livestock ag-
¢ .~e. Well developed air, truck, and rail transport provide connections
“~= rest of the country and a range of shipping modes. Finally, wind
. are abundant seasonally and offer the potential for generating
-~ and hydrogen fuels rather than continuing to transport energy
1e major difference between New York and most of the cities of the
<< in the diversity of bioregional resources appropriate to them.
- :< New York lies at the “belly” of the western industrial world with
. a vast continent and has half a dozen biological resources, the soil
g 11~ -~ ncipal basis of wealth for the Plains city. Due to modern agricul-
- - 1nds. however, soil is eroding at a rate of tons per acre per year. It
‘. ~~atsuch erosion be stopped, or in twenty years the capability of the
. = ains to function as a breadbasket for much of the world will be gone
-- Water, equally vital to agriculture, must be protected. The mining
11 . cuiters should be reduced and ultimately discontinued before they

- ~oed dry.
~1s comparison of two bioregions from a biogeographic and his-
serspective is intended to illustrate ways of thinking about options
- - zawure. What have been seen as constraints, however, can still be-
-~ arces for new directions. Each place has its peculiar attributes and
-2 what they are and how they fit within the overall pattern of an
.~ provide tangible clues as to bow to proceed. The Balinese, among
<= sensitive and artistic of peoples, have a saying which indicates why
-2\ life has the precision, creativity and uplifting carefulness of an

[t translates roughly as:
“We have no art; we do everything as well as we can.”

1 < ne ability to see an area as an entity—whether city, town, desert or
bom:. =11 village—grows from learning to know a place. In a city, a good

S
-1
.

97

L anmss s e cai ihis L




Bioshelters, Ocean Arks, City Farming

street or road map is a good place to start. In a smaller town a topographic
map is an effective guide. Maps from the present and the past offer infor-
mation for designing coherent living areas. Once a set of appropriate maps
have been assembled, the first step is to delineate all the natural water
flows, including streams and lakes, then water-related functions, like har-
bors, docks, and marine terminals. Using see-through tracing paper at-
tached in layers over the map railroad courses should be charted and over-
laid over the water courses, then major road traffic arteries and airports
superimposed. From this material, patterns that indicate relationships will
begin to emerge and give a sense of what is linked to what in a given area.

* The next step is to prepare a biological map that includes the land,
soil and, to some extent, the vegetation. All green zones including parks,
open spaces, tree-lined avenues, wooded ravines and forests should be
plotted. Such biotic arteries will probably be spotty and discontinuous. The
structural patterns created previously can be superimposed on the green
zone maps. Itis very likely that transportation arteries cut through the topo-
graphic and natural connections. With the information thus assembled in
map form it is then possible to begin to consider the elements that consti-
tute the raw materials of design.

2. Purification and Recycling

“It is the property of water that it constitutes the vital humor of
this arid earth.”"

Leonardo da Vinci

Under every city there is a dark and hidden Venice, but we no longer
celebrate our waterways out in the open. In its myriad cycles water is the
source of all life, but when we, in industrial societies, harness it for our use
in plumbing and sewage we keep it underground, in pipes as part of a sys-
tem that is efficient for the user but displaces the problem to a distant site.
Here it becomes either a source of pollution or demands costly and energy-
intensive purification. Large sums of public money are spent to keep waste
out of sight and out of mind.

In the recent past the clinical treatment of water has resulted in im-
mense health benefits. Such practices as treating waste with pathogen-kil-
ling poisons like chlorine; separate waste treatment; and distant disposal
have eliminated or reduced water-borne diseases in many areas. The de-
velopment of solar technologies and a sophisticated understanding of the
role of organisms indicate that it is time that the use of water again be im-




Fountain and Park Irrigation Scheme

g~ =d. It can be allowed to resurface from underground pipes, be ex-
v~ 0 solar energy, and purified within the community. Water could be-
amr - 2 very visible part of the fabric of architecture, settlements, and the
@ri2~ 2pe. Where we have done so in our work it is an integral and pleasing
= zoment of design. Pausing for a moment to recall da Vinci’s description
m « zer. we intend to take our cue from him and go beyond present uses of
w27 =7 10 imagine ways, within an urban context, that we can again honor it
@ ¢ vital humor.”
How greatly it would add to an urban setting if every urban block
w~~- -0 have a fountain. It would break the heat of a midsummer’s day and
- = soothing spell on the quality of the surroundings. A fountain could
z=signed so that the lowest level is deep enough for children to play in
arv- ~ave a good splash, while upper tiers on the upwind side are relatively
7 “{spray. There can be a central pool for purifying fountain water con-
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Fountain Garden Park

taining aquatic plants, snails and goldfish floating in containers. The foun-
tain can be powered by solar cells that drive the pump which lifts the water
into the air. The brighter and hotter the sun, the higher and faster the
plume. It would be still at night. In cold or temperate climates the fountain
water could be heated by a solar collector, mounted and covered, next to
the south-facing side of the fountain which would extend the season for
the fountain into fall and allow it to begin again in late spring. It would be
drained in winter. The frequency with which the water would be changed
would be determined by the number of people using the fountain. Used
water can be used to irrigate nearby trees and grounds.

It is possible to design a new kind of sidewalk aqueduct through
which flowing water, directly exposed to air and sunlight, is purified. The
interior of the aqueduct, instead of being smooth with laminar flows
within, is sculpted into exquisitely shaped forms and patterns which create
whirlpools, vortices, and gentle upwellings. These forms are described by
Theodor Schwenk in his quietly extraordinary book Sensitive Chaos.* His
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SOLAR SEWAGE WALL

Neighborhood Sewage Treatment Facility

s-<12ns have been applied as flow forms by scientists at Emerson College in

=~

: - ziand, who discovered the water purifying qualities of the forms. These
ms are so beautiful that the aqueducts are functional art forms. Water
- :7 has passed through the flow forms could be used to irrigate lawns and
-.2ewalk gardens and in this way fountain water could be transported to its
-1 use. Such aqueducts can redirect storm and run-off water to storage la-
2 <ns.and serve other useful and non-destructive purposes. Perhaps chil-
:~zn and adults would race model boats in the aqueduct and sidewalk re-
2:2zas become the rage.

As we stated in the last chapter, new solar and biotechnologies are
-znsforming waste treatment locally and using the products economically
:~d ecologically in the community. We have been considering a sewage
-eatment tdea which creates structural elements that run along streets.
“ne Solar Sewage Wall is a long, thin, greenhouse-like structure with the
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r - :.1and ceiling transtucent to sunlight. It creates a barrier that sepa-
« - {estrians from traffic. The north wall is a dark painted brick, block,
pr: 7= 1€ mass capable of storing some of the radiant heat trapped in the

- _~- As currently conceived, the Solar Sewage Wall is continuous,
2 parallel to a sidewalk. Inside, at the intake end, is a sewage grinder
It .- one sterilization unit which kills pathogens or disease organisms.
e —..:2 part of the interior is comprised of several tiers of shallow fiber-

~:nnels or streams, sloped in steps, so that the sewage water flows
.~ torth and downward through the facility. The water enters at one
- ~c upper channel at the intake end, then splashes down to the lower
gy~ - here it flows back again to the outlet end. Finally, it is discharged,
= - low solar water silos for subsequent reuse. Aquatic plants like
-~ - - . inths clean up the pulverized and sterilized sewage effluent. The
. r.ants are cropped and fed to poultry or composted. By the time
» . 27 leaves the Solar Sewage Wall it is ready for any kind of reuse.
~ e Solar Sewage Wall would get quite hot when the sun is shining
1. especially in summer. Itis likely thatat such times staff would need
i -~ staggered hours, perhaps by working from 4:00 A.M. to 10:00 A.M.
fr .. 1 the vear. The plants and many of the microorganisms thrive on
Jerac. - - cver. and biological purification is optimized in water tempera-
- 2= approach 100°F. Over-heating can be prevented by venting and

=2 shade plants like grape vines up the outside of the south wall.
] + -hough many European cities have turned to utilizing garbage as
pw-1- - = source, burning it to generate electricity, and many Third World
T < reprocess animal manures, we have been slow in North America
o 7« - :n these directions. Acceptance of the necessity to recycle waste
s - - In coming. Moving waste treatment onto the block in modern
wr . uies could begin to change attitudes toward waste so that sewage
e e for the valuable renewable resource it is. The recycling process
.. ~.¢ of supporting a whole substructure of employment fields and

- = anomic activities which contrast sharply with the expensive com-
e~ - ~erated chemical sewage plants remotely sited from contemporary
T - IS,

“wzier can be used far more creatively than we do at present. In what

= 1¢ \enice Project, we have proposed to take one of every five city
~ "« ks (or one in ten), rip up the streets, and replace them with artifi-
4~=3 ot canals that would become block-long pools for swimming and
iny - 2 with shallow areas for children on one side of the swimming and

.~ 2 ~anal. Along another side there would be a covered channel similar

v

“ o

;




Lake-in-the-City Scheme

to the Solar Sewage Wall. Canal water will be pumped into one end of the
wider central channel. As it flows toward the opposite end before re-enter-
ing the canal it will be heated and purified with the same kinds of plants and
microorganisms used in the Solar Sewage Wall. Such a scheme could offer
city dwellers three-season bathing and swimming. The climate of a city im-
plementing such a scheme would be improved and both day-time over-
heating and night-time cooling would be lessened. In the winter, canals
would be drained down to an inch or two, to make neighborhood figure
skating and hockey rinks. Shops, small markets, restaurants, health food
stores and sidewalk cafes could line the sun-warmed canals creating the
kind of mix of commerce and recreation that Jane Jacobs advocated in The
Lamats of the City for vital and safe neighborhoods. The popularity of the
fountains, pool, and skating rink at Rockefeller Center in New York and
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Purification and Heating for Lake-in-the-City Scheme

wm-~ - unicipal rinks around the country both in downtown shopping
¢ mmal- Zeckendorf Plaza in Denver, Hilltop Shopping Mall in Richmond,
# ai- —uarindicates that like movie theaters, skating rinks are places where

e = ~ongregate and should be combined with merchant development.

2 Sl

Neighborhood gardens, air purifying hedgerows, urban orchards,
me-~," = ers. container gardening, parks, and tree nurseries, as well as the
g 100, recycling, and imaginative use of water are all integral to rede-
me =)~ 2 communities. The growth of any kind of vegetation is dependent

'~ wmn < class soils. A soil building program is at the core of much urban res-
v+ 7. Apart from the city of Milwaukee which manufactures its sewage
s o= nto a sterilized fertilizer, Milorganite™, there are few other places




Drum Composter

where serious attempts are being made to utilize organic wastes. Yet in
urban areas a soil building program is fundamental to urban restoration
if it is to be viable. Were cities to begin a program of composting organic
wastes the soil could be used for container and private gardening, neigh-
borhood gardens, urban orchards, bioshelters, parks and tree nurseries, all
of which are integral to redeveloping communities and all of which are de-
pendent on first-class soils. Current methods of managing organic wastes
on a town and city level in this country are heedlessly negligent. Mixed with
other garbage, organic materials are shipped off at great expense to rot in
unsightly landfills. The same materials could be separated at source and
composted on a community or block or city level. All thatis required are or-
ganic materials, a little moisture and some bacterial innoculants. Compost-
ing on a block scale would be ideal. It could be done in large, slowly rotating
drum composters. Drum composting is hygienic and eliminates rats, mice,




Redesigning Communities

-zcoons, skunks, flies, and most garbage odors from compost in the mak-
12. The composter itself looks neat and streamlined, yet once inoculated
~:th the right microorganisms, it is easy to operate. The drums are in sec-
~~ns and can be filled daily so that composting can be done in batches. The
mposter can be designed to absorb solar energy with a heat-absorbing-
«nier “blanket” and to be cooled with a reflective cover in summer.

The compost thus produced can be sieved, bagged, and marketed.
= -ential markets include local greening, gardening, and urban reforesta-
= programs as well as a growing number of organic gardeners. Through
-~ wessing and composting garbage, sanitation removal costs would be
T .ch reduced—especially when other recyclable dry materials, like bottles,
:~= handled at the same source. There may come a time when compost and
» .. production in cities becomes an important business. Neighborhoods
» :id find it to their advantage to establish composting, soil making, and
~.z7 sewage treatment areas and to lease these activities to neighborhood-
1+ ~cd corporations or private companies.

4 Working with Existing Structures

There is a science to working with existing forms and structures. It
» ~mprised of a peculiar mixture of theory, research, and practicality—
i ~=ence of “found objects.” It does not attempt to build from scratch, but
s 23 what exists and works to transform it to something useful or relevant.
Tz French anthropologist Claude Lévi-Strauss has described it as bricol-
ar- Practitioners are bricoleurs, which translates rather clumsily as “en-
e =ned tinkers with what is at hand.” In an age of increasing scarcity,
swu: " z personis potentially a kind ot hero, someone who can see with differ-
=1 =~ es and utilize available resources. A lack or problem is not seen only
i . ~urden, but an opportunity. A bricoleur can see what was, is, and can
w -z splendid continuum-—one that must come full circle. Whereas most
e z.pers destroy before rebuilding, restorationists rebuild to recapture
w:7—<r glories, and designers prefer a clean slate, the bricoleur works from
me :ssumption that the true potential of a house, a block, a whole town, or
& cher existingarea, has scarcely been tapped. The most humble objects
= -« transformed. There is a human dimension to bricolage. Reflecting
& ~=sponsibility to maintain continuity, the bricoleur tries to listen and to
a1 the voice of a place as expressed through its history and inhabitants.
—znsform is not to inoculate with misplaced status. When restoration

-
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leads to social displacement, it has failed. The benefits of restoration m
accrue first to residents of the immediate community and subsequend
others who are attracted by the change.

Whether bricoleur or restorer, the usual way to begin renovationg
an existing structure is by insulating to reduce reliance on fuel consunmg§
tion for heating and cooling. To insulate is not to block out light, howeve
In almost any house, factory, or office, or other building, sky lighting shoul§
be first considered to create soft, beautiful, changing hght. Light shafts cal
be elaborate or can be like simple boxes lined with reflective material lik
aluminum foil.

Once a structure has been Ughtened up and the lighting established 1
the next logical step is to add passive solar elements. This need not be com-
plex. Most often it will consist of the addition of a sky light and a windo
greenhouse to the south side of a building. Both provide some solar gain,|
but the psychological effect created is important as well. The structure will}
become more alive, responding to clouds, rain, sun, and the changing diur-
nal light cycles. Solar conversion can take a number of forms. The building
and site are the primary constraints on what these will be.

A purely architectural strategy for absorbing and retaining solar
heat is a trombe wall built onto the exterior of the existing brick, stone, or 1
masonry, south wall. A trombe wall is made up of a transparent wall added
adjacent to the original wall which acts as a heat absorber. Sun-warmed air,
heated between the walls, rises and enters the building through ventsat the
top as cool air is sucked into the trombe wall via lower vents. The day cycle
heats the house. Whereas in winter vents are closed at night, in summer the
cycle is reversed and the trombe wall vents are closed during the day when
hot air is exhausted straight out the top. At night exterior and interior ven-
ting are opened to cool the building. Here at Falmouth the offices of the
local paper, the Enterprise, receive partial heat from a trombe wall.

Another possibility for solar conversion is the addition of a passive
solar greenhouse placed on the most southerly oriented side of a house or
building. Generally this represents the integration of a biological element,
although a solarium without plants is an option. A greenhouse addition
will heat the adjacent house during the middle of the day, but cools very
rapidly at night. Assuming there are plants in the greenhouse, some heat
from the house will have to be bled into the greenhouse. In some instances
attached greenhouses have led to greater overall fuel consumption but
there are several ways to avoid that problem. We, of course, favor the solar-
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algae fish tanks developed at New Alchemy which store day-time energy
for night heating. A more orthodox solution to heat loss is to install insula-
tion or night curtains which both insulate and reflect back into the struc-
ture the long wavelengths or radiation that would normally return to the
night sky. Such curtains can be mounted on tracks under the glazing with
automatic or hand controls. Another possibility is a night curtain made of |
an inexpensive material like polyethylene suspended horizontally over the
growing beds and pulled over a wire support at night. In the last century,
night curtains were placed on the outside of a greenhouse and unrolled at
night like a roller curtain or venetian blind. The combination of a night
curtain with the fish tank heat storage has the greatest potential to conserve
both money and heat. Although improving existing housing is a greater
challenge than building from scratch, there are few houses that cannot be
improved dramatically. Insulation, opening to the light, and adding bio-
shelter elements are basic ingredients.

People worry justifiably that tight buildings which have been well-
insulated and have less exchange of air will feel or smell stale. Household
poisons abound in many materials and cleaning products and these, in ad-
dition to cooking gases, and other smells, can make houses either danger-
ous or unpleasant-smelling or both. There are many ways to have both
fresh air and tight houses. One obvious solution is not to use dangerous
products, like some of the vinyls (new car smells of vinyl are toxic), and pro-
ducts like oven cleaners. Another is to install an air-to-air heat exchanger
which is a simple box-like device consisting of a fan which replaces inside
with outdoor air by forcing it through thin, plastic baffles. Outgoing air
flows inward in thin films, giving up warmth to cool incoming air and allow-
ing up to ninety percent of household heat to remain inside while replacing
used air with fresh. A homebuilt heat exchanger is easy to make and can be
done for as little as one-hundred dollars.

This engineering solution is the most common one for improving
the quality of air inside houses or buildings. There are biological solutions,
as well, which can purify and improve air continuously. The enjoyment to
be found in the air of a forest or a meadow breeze is not illusory. Vegetation
interacts rapidly and efficiently with flowing air to improve its quality and
smell and these beneficial natural processes can be duplicated indoors.
Placing clusters of plants near a window is an effective and simple ecologi-
cal solution. The plants breathe during the day, giving off fresh oxygen and
purifying the air. When there is no suitable window, a grow lamp can sup-
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port a cluster of plants. Spraying the plants with inorganic solutions]
combat the pests and diseases of household plants would obviously defé
the purpose of biological purification, however. 1

A lidless aquarium, filled with tropical fish and floating aquaf
plants which almost cover the surface of the water is a very effective
purifier. Such aquatic plants are available from tropical fish suppliers. Th
aquarium must be near a window or flourescent grow-lamps should b
placed overhead to shine on the floating plants. During the winter lamp
and window light combined will induce biological activity and effective ai§
purification and the floating plants will add oxygen and moisture to dry
stuffy, inside air. If there is a sufficient volume of water and plants, as there
isin the greenhouse in our house, the relative humidity will be increased to;
a point at which the temperature of a house can be kept lower without aj
noticeable difference. Often the inhabitants suffer fewer winter colds. One
year our New Alchemy co-founder Bill McLarney took this idea a step
further and moved it downstairs. He put a series of children’s wading pools 1
in his basement, suspended grow lamps from the ceiling beams, and filled {
the pools with fishes and plants. He called his basement McLarney’s |
swamp. For plants there were cattails, bow rushes, arrowhead plants, and |
water lilies, all the emergent water plants, in fact, that he could find nearby. |
He then stocked his pond with tilapia from New Alchemy. These he re-
trieved periodically with a hook and line and ate. He maintained that
watching the pools filled with exotic fish, frogs, crayfish, and minute aqua-
tic animal life, made a northern winter, away from Costa Rica, bearable.
Whenever his furnace went on, the intake air passed over the gently mov-
ing aquatic plants and the warmth of the pools filtered upstairs when the
furnace was off.

Augmenting the strategies of insulation, lighting, and some form of
passive solar heat gain, active solar application includes hot water and
house heating. By implication, pumps, switches, and controls are involved,
although, in actual fact, there is no hard and fast line between active and
passive. Some passive systems use arrays of controls and some active ther-
mosiphons are mechanically passive. Photovoltaics are active in the sense
that they trigger electric currents that are subsequently channeled into use-
ful work. Whatever the definition, active solar systems have a place in re-
trofitting and rebuilding. It can be impractical to think of rebuilding hous-
ing unit by unit. In neighborhoods with row or tenement housing, it makes
good sense, when some general agreement can be reached, to work with
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:'v Roof Top Farm and Park

-z entire block. On a block scale, available options go up and per unit costs
i z down. A further advantage to block scale is that there is a greater thermal
~d spatial mass in terms of area and heating capabilities to work with.
~zineers describe this as a favorable surface-to-volume ration. It takes less
-~ergy, and fewer materials or space, to accomplish a given task.
A block of row housing can be redesigned and rebuilt to be almost
-(clusively solar-heated and to provide a garden environment all year. In
1e design the block is insulated at both ends, and on the side away from
~e street. The entire roof is a combination greenhouse and hot water col-
=ctor. Hot water for all the houses is stored in a long, stainless steel tank
nat runs along the north wall for the full length of the interior of the
zreenhouse. Itis painted black and is heated by direct solar radiation and
-« the collector in front of the greenhouse. The storage tank helps to heat
“ne greenhouse and provides metered hot water to the residents. The

Zreenhouse is connected to a common basement via ducts to prevent over-

i
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heating. During the day, hot air is stored in the basement and at night it
percolates upward to warm residents. The greenhouse also acts as roof in-
sulation, retarding heat loss from the upper story ceilings. The greenhouse
could serve as a commons and could be a safe and beautiful combination of
roof, park, and garden. There is a strong argument for neighborhood-
owned development corporations that would rebuild and operate the over-
all structures and support elements. In Kansas City the infrastructure for
such ventures is being created through Developing Neighborhood Asso-
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8 e ns (D.N.ALs) which are self-financing organizations involved in com-
| mm. - -+ betterment and education. Their approach to real estate is to own
fw:)_cs. apartments, and commercial properties which they make available
| #or ~zle or rent, thus making it possible both to rehabilitate existing facilities
- am: wo design and create new ones.

3 Biology and Architecture: the New Synthesis

In many ways architecture has failed to serve society. Since the turn
a7 ~~e century, lacking a broad social context, architecture has become vas-
1. ~pecialized—a bits and pieces business, measured in square feet. Frozen
n =me. much of current architecture is fad-prone, rapidly dated, and es-
r:~zed from nature. In town planning functional architectural elements
1. -2 become increasingly separated. People live in one kind of structure
az do business in another. Commerce, marketing, trading, and govern-
ne=~t functions are all segregated, and manufacturing is located in indust-
-« parks. The growing of food is remote from all of them. The places
v ~zre most of us work and live are separated by distances that only the car

L7 avercome.

Children are usually educated at some distance from home. Some of
== saddest designs in architecture are those of schools—impersonal, often
»~~dowless, sometimes almost prison-like, buildings. The world of parents
~ separate from this daily fortress of the child, and the business person is
~:narated from workers on the shop or factory floor. Few people ever come
-0 contact with the people who grow or process their food. In a frag-
—<nted society we are all victims, intellectually and emotionally. Children
=~ not learn to connect or to see patterns with meaning deeper than trun-
zed parts of larger wholes. No amount of electronic information or televi-
--~ni can alter this. In our work, we have distressingly frequently had the ex-
~enence of asking children where their food comes from. After initially re-
-zonding “the store!” they draw a complete blank...they cannot picture
~e fields, the acres, the farmers, the middlemen of agri-business. The
-.ztement that the soil is alive—made up of living matter—usually draws
_zter disbelief—to some people it seems like a product which can only be
~ade rich by the addition of chemicals. For the disparate parts of society to
~ecome more reconnected, the model of nature needs to be studied. Build-
~gs and architectural forms can be created in which living, manufacturing,
:ood growing and processing, selling, banking, schooling, waste purifica-
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tion, energy production, religious activity, art guilds, governance and re-
creation are woven together on a neighborhood scale. |

Restructuring the building blocks of towns and cities is now a possi-
bility. This is partly because science and technology have reached an un-
precendented juncture where centralization, specialization of function,
and giantism are no longer either necessary or needed. All of the compo-
nents of society, including energy, power, waste treatment, transport, and
food growing can be decentralized, miniaturized, and integrated on a
human scale. Such a restructuring of neighborhoods makes sound econo-
mic sense. It allows for more of the face-to-face, cashless exchanges and ar-
rangements that make up the informal sector of economic life. It fosters
the process economist Paul Hawken calls disintermediation,® by which he
means a reduction in the number of steps and people involved in the production {
and distribution of goods. In many cases the most obvious place to begin this pro-
cess is in the production of food. Neighborhood-grown food from
greenhouses or gardens can be sold directly to the consumer by the grower. |
Processing, packaging, transportation, and retailing are minimized or
eliminated.

In the evolving synthesis of biology and architecture a neighbor-
hood could begin to function in a manner analogous to an organism. On
the proposed block or neighborhood scale, parts become symbiotic to the
whole and the basic social and physical functions work together. The work-
ings are felt and understood by residents, who live with and operate the
components.

A town or city can be looked at as made up of building blocks which
are smaller communities or neighborhoods, each one similar to more re-
mote self-organizing villages or hamlets. The communities are connected
to a central zone where certain larger cultural and political events take
place. The relationships are like those of the organisms to the ecosystem of
which they are a part. For expression of synthesis, we look to certain earlier
settlements. Rudolfsky’s book Architecture Without Architects* illustrates some
beautiful and profound settlement patterns. Some of the hill towns of Italy,
New World pueblos, African lobi, Seripe villages on the Volta, the walled
towns of the Near East, and Balinese villages all contain some of the practi-
cal and aesthetic elements and relationships which can serve us as models
of functioning small communities onto which advanced solar, material,
electronic and biotechnical elements could be grafted. Bioshelters could
provide the connective elements. Transparent, long-lived skins on struc-
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ru - tent-like tension forms, similar to the pillow dome at New Alchemy,
zrlow living, working, teaching, and growing to be part of an overall
acture. Such bioshelters could provide most of the energy needed
i -<newable energy sources and self heating and cooling in all seasons.
i T'oe :re capable of significant food production. All wastes would be within
ol All of these functions reduce the need for transportation and there-
i~ —dicate smaller, simpler transportation networks.

Communities incorporating bioshelter technolgies would obviously

—

Ra
Bo- | i e~ themselves for food and energy more than existing towns and cities,
ar- | lmuz -<+ would not be islands of complete independence. Interdependen-
TS | L wme~— "¢ exchange of fully developed foods or specialized products, crafts,
he | aw 3. still is necessary to provide spice to community life, but each neigh-
om | | hme . would be more complete supporting itself on the basic necessities.
- 1 Again there are helpful existing models. One of the most beautiful
an | | e «1llage built by the extraordinary architect Hassan Fathy in his town,
T 4 M L -ourna, in Egypt. The photographs in his Architecture for the Poor® are
o | - mnzlv beautiful. The drawings tell the tale of the workings of the town
' wu~. however, lacks biological elements. A walled town like Qum in Iran
- amz s many buildings with domed roofs. One can easily imagine these
m ey ted of transparent materials, creating a peculiarly indigenous form
e w ~wshelter. Design for comparable communities in temperate areas
k- wn require that the whole village or neighborhood heat itself in winter
c @ ~e shaded and cooled in summer. 1t could have a single envelope roof,
b mers ot which could open, or a series of roofs with a diverse mixture of
J | mwo - 2 and vaulting to create ecosystems and provide private spaces and
N | muoec places. Agriculture, the production of electricity, waste purification,
i i =pu-z20n. commerce, and fabrication would become interacting elements.
> uw;~ 1 the outer walls would be espaliered orchards and the town could be
J 71 by lakes and gardens.

A village or community could be created in the form of a wheel. The
maur spokes would be roads and the minor spokes walkway and bicycle ar-
e—es All lead to an interior ring or hub. At the center 1s a lake ringed by
mer s and trees framed by a floral border. The village is a mixture of solid
mr zT1als. transparent membranes, and mass linked to technical and biolog-
wa wements. It can be thought of as a single structure with varying degrees
w _»osure to the sky. It combines the orthodox functions of a village like
msing and commerce, with a range of biological activities. The sections
w ~<iges designated for agriculture are open to the sky in warm and hot
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seasons and covered by tent-like transparent envelopes during cold. B
ing is compactly arranged, but each house has an individual solar ¢
yard that is seasonally adjustable. Waste is recycled in interconnected
desic bioshelters. Manufacturing, maintenance, and processing are de
structures linked by solar envelope canopies, which heat the building’
enclose ecosystems providing a living environment and purifying the
Some of the agricultural zones are open for gardening by residents
there is also a section for growing aquatic foods, fishes, shellfish, oa 1
rice, and water vegetables. 1

There must, of course, be the familiar structures like churches,
fices, and stores, although of necessity in somewhat different form.
large aquaculture and agricultural bioshelters provide heating for all §
public buildings and use the purified wastes from public buildings in =
trient cycles. In a sense the whole town with its workings and environs b
comes the school. The village, thus conceived, is a truly autonomous org
nism, a functioning whole.

6. Growing Food in Communities

In The Economy of Cities, Jane Jacobs chronicled the genesis of thd
major agricultural innovations over the past ten-thousand years. Contrary
to what is generally assumed, many of the most dramatic changes is farm-
ing including the selection of grains, the domestication of animals, mechan-4
ization of culture methods, or even recent hybrids of the Green Revolution,
originated in urban centers and spread outward to the countryside. The:
newest agricultural development promises to be no exception. It is charac-
terized both by an urban emphasis and ecological underpinnings. New bio-
technologies, information, and biological components are being assembled
into ecosystems capable of producing a diversity of foods in relatively small
spaces. These can replace the fuel-powered agricultural hardware we are |
dependent on now and will be powered by renewable energy sources. In
this way, one day, towns and cities can add farming to their repertoire of
functions. Instead of farmers selling out to huge agribusiness management
and coming to the cities for jobs, farmers will be able to farm in the city using
new ecosystems rather than simply huge fields.

Urban agriculture will take many forms. For example, some shade
trees can be replaced by urban orchards of fruit and nut trees. Sunlit walls
provide convenient architectural backdrops for espaliered fruit and vine




) o




Vacant Lot Bioshelter Park

crops. Community gardens and urban gardening, in an experimental
phase now, but growing with farmers’ markets in many cities, will continue
to increase. Agricultural bioshelters, which would make it possible to gar-
den year round, could be built in vacant lots, or ringing parks. In the form
of floating barges they could line harbors and sell their produce of fish, veg-
etables, flowers, and herbs. Old warehouses and unused factories could be
converted into ecologically inspired agricultural enterprises floor by floor
where fish, poultry, mushrooms, greens, vegetables, and flowers could be
grown in linked, integrated cycles. Roof tops offer an unused resource for
the application of bioshelter concepts or market gardens all year. Econo-
mist Paul Hawken has said that there are two fast tracks these days—energy
and food. In such a context city farming has potential in the fast track. Gen-
eral Foods has stated that such ideas are part of the foundation for their fu-
ture planning and expect to raise some foods on a large scale in the city.

It is not difficult to envision a transition from decorative plantings to
street orchards and to the use of buildings as backdrops for vine and es-
paliered tree crop production. Both methods are well suited to many side
streets. The core of a street or neighborhood can be further redesigned for
an integrated mix of household food-growing and street-farming by com-
bining raised bed vegetable and berry production, fruit and nut orchardry,
aquaculture, and nurseries. The street zones could be used by the com-
munity or leased to urban farmers to grow and market crops locally. It
would be up to the individual neighborhood to define and shape the forms
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- “ne gardening and farming most relevant to its indigenous ecological,
710mic, architectural, and cultural mix.
In heavily trafficked urban areas air is least clean the busier the street.
~ecent years European ecologists, particularly in Vienna,” have been test-
- 2 species of shrubs, trees, and herbs that purify polluted air. They have
.=d a number of plants that are effective, particularly when planted in
“—:zerows. In the European studies, in some cases, up to ninety percent of
- - wead in the air was either removed, or prevented from crossing the plant
- .-mier. As a further bonus, street noise dropped dramatically.
A bioshelter can be introduced into an existing area quite simply. It
-—1 not be a complex structure. A three-story lean-to structure next to a
- .ding is one possibility. Such a structure will not only support agricul-
I -=. 1t will also provide an optimal climate for the adjacent building. Alter-
-.~elv, with the addition of night curtain and fish tanks, an orthodox
~-=nhouse can be converted into a bioshelter.
An intriguing possibility for designing a large new bioshelter is that
ver a considerable area to allow for a substantial open courtyard in the
- --er. Possible subsystems include an urban farm around the periphery
.~ 1 safe playground and a wading pool in the center. Neighborhoods
-.-~ciently interested in the benefit to the public inherent in such a park
i 270 be willing to lease the land for the bioshelter, thereby reducing sub-
-.~ual land costs to the potential urban farmer.
The renaissance in urban agriculture may find its fullest lowering
- e conversion of old warehouse and factories in down-at-the-heels sec-
- =< of older cities and mill towns. One strategy for a badly lit multi-story
v . 7zhouse or factory is to cover the roof with a full array of solar cells.
“» nted at an angle to the sun, the cells would give the roof a sawtooth
i+« The solar cells could power indoor grow lamps, and the solar energy,
—.~stormed at about a ten percent conversion efficiency, would produce
.~ ~cial sunlight inside the building. In this way the building would gener-
a= s own terior light for a variety of food growing activities. Another
w ~=1biliv 1s to replace a solid roof with a translucent one and allow natural
ue~ o permeate the whole building making six times more light available.
b -« drawback is in heat loss to the night sky and night curtains become a
i . =ssinv in winter. Should some supplemental light be required, even with
E e Z.azed roof, it could be provided by a co-generating electric windmill or
™ ne unlites.
The interior of the converted warehouse or factory offers a wonder-
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fol skeleton for a muli-story, integrated farm that could prod
And, ackens, :\\\&\“&\\i\i\\&\> TOHPOL, THDNT OO,
tropical fruits like figg, kiwi and gassion ok, and Qo
volve using the basementand atleast three floors. The
house farm company shows agriculture on four le
shaped something like an amphitheatre, is designed
ture of greens like lettuces and spinach. Carbon dioxa
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to filter up through the growing beds from the lowest two levels. The next
level down is for climbing crops such as peas, cucumbers, and tomatoes.
They are grown in an aerated liquid solution which is pumped up from the
aquaculture tanks below so that the aquaculture feeds the vine crops and in
turn the root complex of the crops filters and purifies the aquaculture water
in the recycling process. The aquaculture is a variation on the New Alchemy
solar-algae pond theme. The fish room would double as a chicken-raising
facility. Chickens would be allowed to range free on a deep litter amongst
the tanks. The basement of the warehouse is used for composting of the
waste from the building and for the mass culture of mushrooms. All the
components in the design are integrated to mutually enhance each other.
The combination of sunlight, lights, compost, and poultry produce enough
heat to warm the whole complex which would require no additional heat-
ing. All wastes would be treated and recycled internally and any excess could
be used or packaged as soil amendments.

The economics for converting a factory to a solar food barn are as yet
conjectural. It is estimated that a one-hundred-thousand gallon aquacul-
ture facility would be capable of producing close to a quarter of a million
dollars of live retailed trout and catfish a year. The other products taken to-
gether might do as well. The limits are as yet uncertain but such alocal en-
terprise, drawing on the community for full- and part-time staff, has the
potential to reverse the present agricultural equation. The plans for such a
facility have been described as reminiscent of a medieval village. The solar
aspect would add the feeling of great nineteenth century English conser-
vatories combined perhaps with an eerie, self-contained, possibly beauti-
tul, quality of a colony in space.

In most urban areas there are flat roof tops which offer excellent op-
portunities for gardening and for “wild” ecological islands in the city. Roof
tops can support orchardry, market gardens, greenhouses, and poultry
barns, although, in this last case, all wastes must be composted immediately.
An occasional building could support fish farming on the roof, but as each
gallon of water weights almost ten pounds, a ten-thousand gallon tacility
would weigh close to fifty tons. It is essential to have a structural engineer
to evaluate the strength of a roof before considering aquaculture.

In its adaptation to existing architectural forms the evolving urban
agriculture will be topographical as well as ecological, as practitioners find
and convert unused spaces in towns or cities. However bizarre the space,
some form of agriculture can be designed to fit and operate within its con-




Bus Stop Aquaculture

| <traints. In integrating many different kinds of aquatic, light, soil, compost,
| nutrient, wind and gas cycles that are constantly changing and always in-
ieracting, any space has elements of a world in minjature.
; Some forms of aquaculture or fish farming make particular sense in
| 1owns and cities. Fish are most palatable when fresh. The New Alchemy
model of solar aquaculture has proved thatitis both possible and cost eftec-
tive to grow fish and shellfish in small spaces, using relatively little water.
The translucent, cylindrical solar-algae pond provides a superb habitat for
algae-based ecosystems containing cultured fish. Such tanks can be placed
i almost any spot that receives direct sun, not the least of which is inside a




Sidewalk Solar Aquaculture

bioshelter. They are also well adapted to aquaculture situated at a market
site making it possible to sell fresh, even live fish, on a street corner.

The New Alchemy solar tanks are among the most productive stand-
ing water aquaculture systems yet devised. Because they are solar driven,
they use only small amounts of supplemental energy and therefore houses,
old buildings, corner lots, parks, virtually any place lit by the sun for a good
portion of the day, lends itself to fish farming. At New Alchemy in our trans-
lucent vertical tubes we have raised tilapia, trout, catfish, white amur from
China, pacu from the Amazon, and mirror carp from Israel. Tilapia and
catfish are the easiest to raise and most tasty. When John Hess was food
editor of The New York Times he visited us, tried the fish and subsequently
described our tilapia in The Times as the finest tasting of farm-raised fish he




Redesigning Communities

-zmpled. His headline read: “Farm-Raised Fish: A Triumph for the
1~ .zi1st and the Ecologist.”’
Anv additional energy required to raise fish can be obtained from a
e - “anel that charges a small battery which, in turn, powers a seventy-
v~ -~ 21t air pump, when oxygen in the pond drops to less than optimal
‘ 1 night. In an urban environment, organic wastes including garbage
. < pressure cooked, dried, and with additives made into pellets for fish
e+ With a little experimentation, the right food can be concocted for
me -~ nish. Generally the same feed can be consumed by poultry as well. The
ate -t Doth can be supplemented with earthworms from compost.
Perhaps the greatest advantage of this type of solar aquaculture is
.. o2 is cheap and easy to get started. A few hundred dollars in capital out-
| la o1 tanks, equipment, and tilapia or other fish, will establish a single
szerating pond. It is quite inexpensive to set up and experiment. When
« .27 hsh tanks are installed in a house, apartment, or office, they should be
1. .2d in a south facing room with a good sized window or skylight. The
i~ as absorb radiant energy and heat up during the day. A fan blows the
» :7mth into lower rooms. Heat rises through the building and returns,
~« .ed. to the south room, with enough time lag so that day-time heating
~zinues through the night. During summer the cycle is a cooling one.
7=z sun shining on the glazing creates a temperature differential between
= ~utside and the warmed interior of the south room. As a consequence,
a - siarts to climb and flows as an interior “breeze” out through a vent or
- minev on the north side. Cooler outside air is then sucked in and moves
. :klv through the building. In summer the fish tanks play a beneficial
= - as thermal buffers, absorbing sunlight and preventing overheating of
o= 4r in the growing area which further benefits the plants. A contained
= <«stem designed in this way will replace the heating and cooling func-
= msofafurnace and air conditioner. This contained ecosystem uses no en-
--+ and has the added benefit of the fresh vegetables and fish produced—
.~ «xcellent working application of trusting the partnership of organisms
i~ 2 mformation. Such an ecosystem is the structural grid for year-around
.7man agriculture.

+. Transportation, Power and New Shapes of Employment

The redesign of neighborhoods must include transportation, link-
-z it to other changes. Rising transportation costs for both vehicle opera-
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tion and road maintenance will be a major catalyst in altering the forng
neighborhoods just as the widespread use of the car affected, over the §
century, existing settlement patterns. In the present social context, tra
portation is a primary product, crucial to manufacturing. Automobile bef
inesses employ one in five Americans and consume nearly forty percet
of the six point seven billion barrels of oil used in the United States eved
year. For many of us, ownership of a car spells freedom and mobility and hg
come to seem a birthright. Cars will continue to be made, but our cities can
sustain them. We will use fewer as other options open, and be glad to gt

up the problems they cause. We can look ahead to new kinds of taxis, con
muter buses and elegant, light rail, inter-city trains. We will begin to see
attractive commuter bicycles, motorcycles with climate and body protecd
tion, and small airships—extraordinary light airplanes as maneuverable i
their medium as cars in theirs. Sailing ships will appear and give us alterna-}
tives to rail and plane. These may include auxiliary bioshelters on board’
and be self-sutficient village farms in themselves—a far cry from our luxury
entertainment liners, but providing safe, interesting travel experiences. ]
Transportation will conserve energy while increasing the quality and diver- }
sity of travel. The emphasis will be less on speed than on genuine mobility.
Posstbilities for travel could range from health promoting exercise to con-
vivial transportation that offers watching scenery, dining, and studying or
taking courses, like languages, electronically en route.

Changes in transportation and changes in the structure of cities are
co-evolutionary. We are going to focus, as a culture, on integrating differ-
ent transportation systems to create greater overall travel efficiency. In this
way neighborhoods could truely come into their own, becoming neither by-
passed or disconnected. A variety of new linkages and options for internal
neighborhood development should begin to emerge in the next few years.
Bicycles, small scooters, and walking will become increasingly popular with-
in the neighborhood. The most desirable neighborhoods will come to be
those with diversified merchants—not huge shopping malls, but merchants
situated within walking distance to housing.

One of the best thinkers and designers of ecologically sound trans-
port is Christopher Swan. His drawings indicate how transportation can
evolve, from tiny electric city cars, to highly efficient taxis, to van commuter
buses that provide relaxed commuting for six to nine people. In commuter
buses commuters could read or watch television and have tea or coffee en
route to work. Automobile development will increase in efficiency, but em-




| The Sun Train and Sun Powered Roundhouse,
| Designed by Christopher Swan
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phasize preciseness of fit for each mode of transportation. Opportunities |
will expand for private neighborhood transportation companies, employ-
ing taxis and vans which, depending on the time of day, could shuttle four §
to thirty commuters as well as a cargo of supplies and materials. Other com-
muter transport will provide auto and bus transportation to major trans-
portation links like subways and light rail trains.

Christopher Swan’s light rail trains are the inheritors of electric trol-
ley technologies rather than traditional heavy trains. They are designed to
be powered entirely by the sun. His company, Suntrain Inc., is planning the
Northwestern Pacific Railroad for travel between San Francisco and Eureka
in northern California. Trains such as his represent a new and flexible di-
mension to mass transportation. The light rail cars can carry commuter bi-
cycles. They could offer many kinds of cooking, solarium cars, curtains to
create small compartment-like spaces, bookstore and newsstand cars, sauna
and shower cars, sleepers, even movie cars. These trains are not reluctant
Amtrak technology, but utilize rather the same kind of imaginative thinking
and high technology that goes into Hobie Cats, Ocean Pickups, wind surf-
ers, hang gliders, and other high performance off-shore boats and aircraft.
What makes Christopher Swan’s designs and ideas unique is that they are
framed within concepts of ecological development for the regtons through
which they pass.®

In its early years, in the late 1800s, the bicycle was seen as a serious
transportation device. For many years it came to be classified as a means of
leisure, exercise, or sports equipment until the 1970s when it again began
to be used as a serious transportation machine. Road capacity is designed
exclusively for cars. People would use bikes more if safe pathways to ride
them were designed wherever roads are built. A street network for bicycles—
some streets becoming bicycle streets throughout a city—would be optimal.
As for walking from place to place, developers of shopping malls, like Jim
Rouse who built Harborfront in Baltimore, Faneuil Market in Boston, and
South Street Seaport in New York City, proved that people like to walk when
it is safe to do so, and made interesting and attractive with a mix of shops,
sidewalk vendors, and restaurants. Then they prefer to park their cars and
cover the ground on foot, to better enjoy the activity and the scenery. The
pursuit of architectural, energy, and agricultural solutions to many urban
problems simultaneously create uplifting pedestrian environments. A child,
an infirm or old person, as well as a briskly walking adult should have a vari-
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-+ tavenues for walking. In Christopher Swan’s plans for what the urban
7.2 7x could become, he has portrayed possibilities in architecture, con-
~~ ation, renewable energy, bioshelters, street farming, waste recycling,
z.:xs and fountains—a combination of strategies which together contain
== possibilities for the rebirth of communities. Although it is unrealistic
1. - > be apprehensive, the future need not be frightening. Emerging from
= industrial era into a post-industrial culture will include a rediscovery of
:71s meant when we say we truly live in a given place. A renewed sense of
z.: e and responsibility may emerge, echoing the lines of the poet/farmer
~ddall Berry when he said:

All my dawns cross the horizon
and rise from underfoot.

What I stand for

1s what I stand on.’

What kind of work and economic activity could grow out of the re-

-.1on of communities? As neighborhoods, towns, and cities become
v of vigorous economic life, new work will also be created. The pro-
“on of compost for soil, the growing, recycling, harvesting and man-

v . ~uring of food and materials in this new world will create industries of
1 -~sarv products. The jobs will be local to the community, and connect in
: ~nle web of alliances and opportunity which used to exist in coherent
- munites in America but which has been lost for so many of our young-

< -~ Too many of us are strangers where we live, needing to invent and
w2 1mnto being a “networking” that should partly be happening naturally
v ¢ communities we live in. More businesses would be at home or close to
1~z <o children would see what it is we do during the day, and in many
.~<he a partofit, an education in itself. Sterile streets and city blocks, nor-

v . - deserted during the day while the adults are at work and the mothers
.r= =~ home tending the children—or the mothers are at work and the chil-
- are together in daycare—these streets should be active with a life of

-+ .~=cdl community as the city surrounds and gives everyone arole. The com-
v nself, made carefully by its members, would be endowed with a sense
¢ . .zce and beauty and its own quiet, but important identity and destiny.
-~ =ad of feeling estranged and lonely in a city which is too big and too
i ~<rsonal, every living space would be part of a smaller neighborhood
~»ould be knit into one whole by the necessity of running operations to-

2~ ~er. Bits and pieces, like The Developing Neighborhood Associations of




Bioshelters, Ocean Arks, City Farming

Kansas City are already in place working all across the country. Productiy
meaningful work in the sense of the dignity of holding a job as well as thg
necessity of making an income is the basis of a sustainable future anywherneg
Ecological design generates new complexes and systems whicly
make an impact on manufacturing. It has become possible to dovetail ne
manufacturing into communities and to integrate production, educatiom,
food production, waste treatment, housing, and the environment into an
ecological whole. Almost all of the assembly and much of fabrication that]
today is done in large plants and factories could be decentralized and trans-
ferred to small shops. In recent years sophisticated micro-electronics and |
machining equipment have transformed manufacturing. Increasingly, |
many sophisticated machines, computers, airplanes, hang gliders, boats, |
and even automobiles are micro-manufactured. Christopher Swan wants
to have his railroad cars manufactured in buildings which are part bioshel-
ters along the right of way. He plans to plant forests of fast-growing trees
along the route which would be cropped and converted in small factories to
wood/epoxy composite materials to be used in building the railroad cars.
Already aircraft, giant windmill blades, and high performance boats such
as the Ocean Pickup are being built with wood/epoxy composite materials.
Micro-manufacturing can mean cottage industries which would
strengthen local economies but do not break up neighborhoods. In the city
of Bandung in Indonesia there is a neighborhood where many of the resi-
dents are employed by the Phillips Company, the Dutch electronics giant. In
an interesting mixture of old and new industrial practices, Phillips has fos-
tered a cottage industry in which people work at home in tiny rooms amidst
their families, building parts for subsequent assembly into the various so-
phisticated Phillips products. It may come to be as pertinent to ask what
manufacturing cannot be miniaturized and decentralized as what can be.
Perhaps one day a steel foundry could be prebuilt to fitinto a neighborhood.
Linked to the challenge of restructuring manufacturing into a larger
social and ecological contextis the need to rethink the ways in which energy
is produced and used. The production of energy should be intrinsic to pro-
cess—meaning that each unit, in as much as is possible, produces its own
power and is designed to function around the natural oscillations of sun-
light, wind, and gas production. The first step, one that is already begin-
ning, is a heavy emphasis on reducing power needs through conservation
and integrated design.
Communities have considerable potential as co-generators of power.
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In partnership with other co-generating communities, they can be linked §
each other by existing power grids. As the application of renewable energ
matures, the miniaturization and spreading out of production becomes is§
creasingly possible. I[nitially, the utilities will need to provide back up f g
the whole system, but will not need to produce at peak load capacity beca
communities will be designed to continue to function when the grid failsi
Sophisticated computer programmmg could provide both energy produc
ers and users with a range of options matched to the source and amount off
power being produced. Such internal self regulation will not be unpredict-
able and erratic. At the user end, whether house, factory, or transporta-
tion device, adaptive techniques would have to be built-in to deal with vari- §
able inputs. !

As a neighborhood becomes revitalized, every activity will yield var- 1
ied kinds of employment. One of the major areas will be the growing, pro- !
cessing, and distribution of food. Remodelling, construction, and rebuild-
ing buildings and streets will also offer openings for many skills. Energy
production and waste recycling component units will need staff. Commu-
nities could consider incorporating specialized and unique, either mass-
produced or hand-crafted, components in their rebuilding, making qual-
ity, longevity, and durability hallmarks of their work. Eventually it may pay
not only in personal but in economic terms to build for one’s grandchildren
again. Hopefully they will stand near us as we work.

As a neighborhood becomes a center of integrated activity, there will
be virtually unprecedented opportunities for young people. Adults as well
will have an increasingly balanced talk-do ratio while learning new jobs,
skills, and sensibilities. Educators might have to rethink what is meant by
learning. In a community functioning in ecological balance and with its
parts exposed to full view, the patterns and cycles, natural and human, are
balanced and interconnected. The community itself is the school; because
it is designed after the larger workings of nature using biological precepts
of design, it is like a world in miniature. Living in such a place young people
may take an integral part in all that is going on and want to participate in
the peaceful transition of the planet from one based on the production of
goods, to one dedicated to a fulfilling life-base for all its living creatures.




Chapter Five

The Surrounding Landscape

1. Agriculture in the Past

The arguments in favor of the decentralizing and urbanising of ag-
—<ulture which we offered in the last chapter are not intended to negate or
~<little the importance of a revitalized and restructured rural agriculture.
| Rural agriculture is the basis of our planet’s ability to feed large popula-
zans. The development of agriculture evolved with and predetermined
ne earliest settlements. Its practice reaches back into prehistory and has
«<tt an indelible imprint on the surface of the Earth. The use of fire, the
zomestication of animals, and the selection and growing of plants predate
- -ccorded knowledge. A human bond with the land and the daily and sea-
<>nal rounds of plants and animals span the centuries and provide an un-
-roken link between the earliest humans and farmers today.

Three-hundred and fifty thousand years ago Peking Man (Homo erec-
-1 discovered the use of fire which was applied, carefully and artfully, to
:ame the landscape. In spring and late fall our ancestors lit small fires to
sontrol ecological succession, keeping meadows open and ensuring that
zrasses would be young and tender. The purpose of burning was to stop or
slow ecological succession, thereby preventing meadows from becoming
:hickets and then dense woods. The big game animals preferred open
zreas. Low temperature fires maintained burned-over meadows which
zcted as magnets for the herds. The animals remained wild, but the land-
wape was controlled by fire.

Burning was both art and science. The skills have been passed down
‘rom generation to generation into the twentieth century. In northern Al-
serta, in Canada, a few of the oldest Native Americans of the Slavey, Beaver,
Cree, Chipewyan tribes, and some of the Métis remember how to farm with
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fire.! In their younger years, season, weather, and frequency of burning
were still understood as was the need to maintain the delicate balance be-
tween natural creation and environmental destruction. They knew that he
summer fires or too frequent burnings over-exposed the land, causing it ta
lose fertility, whereas burning with the melting snows or at the beginning of
the rainy season contained the fires and protected the soil so that pastures
remained lush. In terms of planetary evolution grasses were the most re
cent plants to appear. Many of them co-evolved with fire-using early}
peoples. Grasses, which include the plants which subsequently came to bel
utilized as edible grains, are highly adapted to fire. Their extensive subter-
ranean root systems and ability to grow up quickly after cutting or burn-§
ing permit them to be constantly regenerating, often at the expense of’
other plants. ]
The domestication of animals followed fire as the next major innova-
tion in agriculture’s long history. Great herds of game wandered over vast
ranges and it was not always possible to maintain the hunt. Domestication
most likely began with someone separating a few animals from the herds]
and penning them. Once penned, animals were at hand to be slaughtered
on ceremonial occasions or when needed. In a sense, early agriculturalists §
invented a way to store meat by keeping the creatures alive. Sheep, goats, |
cattle, and pigs were among the animals they selected. Over millennia, the
seasonal rounds of most of the wandering bands grew less and stopped. |
Gradually settlements began to grow up near and around the domesticated '
beasts. Increasingly some of the animals were used for milk and wool as §
well as meat. This led, in turn, to the beginnings of a pastoral agriculture, 4
as gathering of wild fodder plants was necessary to help overwinter ani- .
mals.The gathering of wild plants was the precursor of their domestication
and was the next major important phase in agriculture. . :
The structure of human societies was totally transformed by plant :
domestication. Seeds, especially from grains like wheat, rice, millet, and |
corn, require careful selection. Over a period of ten-thousand years of |
selecting and growing plants these early people, most probably women,
looked for size, taste, and intact seed heads. An intact head was essential 1
so the grain would not be lost when the grass was cut. In a relatively short |
period of time the intact-headed strains of cereals became largely depen- |
dent upon humans for survival. Although no direct evidence for this has
been found, it is likely that selected seeds were sown into the ground just
after burning to prevent wild plants from outcompeting their domestic rel-
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b aa -~ [f this was the case, then fire would have been the earliest form of till-
| mmc ~< soil and preparing it for seeding.
; Verv gradually the growing permanence of penned animals and cul-
b o ;=1 crops led to the building of walled settlements and substantial vil-
| &< The grains had to be protected from the livestock, and livestock, in
ur— trom such predators as tigers, cougars, hawks, wolves, and coyotes.
T earliest walled architecture developed more likely for agricultural
=7 =7 than military purposes. Jericho in the Jordan Valley and Catal Huyuk
o = central plain of Turkey were two such early settlements, established
or. ~ =< the eighth and seventh millennia B.C. respectively. They were situ-
@~ n the areas where many of the wild cereals originated. A comparable
« =ment to the east, Tepe Ali Kosh, a village on the steppes at the base of
m- J22ros Mountains in what is now southwestern Iran, dates back to 7500
3 We know that the people there used the seeds of over forty plant spe-
=~ “he mostimportant being domesticated emmer wheat and two-row bar-
+Analvsis of their diets has brought to light the startling discovery that, in
-2 of nutrition, they ate better than most people today.”
These early phases in the development of agriculture modified but
2» not break down or destroy the great ecological cycles. Domesticated
-~ - 33 did not wander freely like their wild cousins but moved in a proscribed
.--z tended by shepherds. The new seeds required care, but still had to be
- 2 according to the dictates of soil and climate. Burning meadows did
- = preclude vast untouched regions where climax plant associations like
-ests dominated the land. The great biological provinces were still pri-
- :zval. Human settlements were small pockets in the larger realm of nat-
.~z hfe. We cannot imagine what the world was like then when agriculture
. < becoming a factor in planetary evolution. Our occasional isolated parks
- 2 wildlife refuges cannot prepare us for comprehending such a world.
mav well be that the people of those days would have perceived subse-
. .ent agricultural advances as violating the great natural laws. Some peo-
:.=3 have regarded the use of the plough, for example, as wounding the
: :rth, ripping open soll and exposing it to the sun, wind, and rain. Yet a
- mple plough is undramatic and mild in comparison to the great machines
= use to farm today.
Around 5000 B.C. in Mesopotamia a step was taken that would alter
"¢ pattern of settlements for ages to come. Irrigation began to be practiced
= the large alluvial plains of the Tigris and Euphrates River Valleys which
-zre ringed to the north by the Zagros Mountains, and to the north and
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west by the Taurus Mountains of Anatolia. The lower reaches of these
mountains were the centers of the origination of wild cereals. In areas re- }
ceiving rainfall of about three-hundred millimeters per year, the grains
selected from these cereals flourished. The earliest villages and towns arose
in a narrow band in the foothills of Mesopotamia.

The valleys of the Tigris and Euphrates were too dry for much culti-
vation of cereals. To the south lay the drier Syrian Desert extending to the
Persian Gulf in the east and to the Red Sea to the south and west. In the
foothills, however, about six-thousand years ago, people began to cut chan-
nels from streams across the fields, causing water to spill over onto the land.
The irrigation of crops had begun. It is believed that these early ditches
were dug as a safeguard against the unpredictability of the rains. Gradually
a series of villages whose inhabitants practiced irrigation were built on the
northern rim of the great alluvial plain. With time irrigation methods be-
came more complex. Channels were extended lower into the fertile river
valleys, then beyond, into the semi-arid lands along the course of the Tigris
and Fuphrates. These lands slowly became laced with a vast network of
dikes, canals, and dams. Such complex water regimes demanded regula-
tion which, in turn, necessitated organization and regimentation. Centers
which were religious in origin were adapted to regional administrative pur-
poses as well. The resulting high levels of organizational sophistication laid
the conceptual foundations for building public buildings and the increas-
ingly impressive temples. The great Sumerian culture of southern Mesopo-
tamia became established. By 3500 B.C. the Sumerians had invented writing
in order to chronicle their business affairs. Partially as a result of the crea-
tion of the vast irrigation complexes, and enough food each season to turn
attention to other organizing principles, civilization was born’

From a historical as well as ecological perspective these methods of
irrigation were a mixed blessing. Large numbers of people were enslaved
to maintain the irrigation systems as channels and impoundments silted up
regularly. In the dry climate, irrigation water evaporated quickly, leaving
salts on the surface of the land. Over time, the productivity of the land
dwindled. Today this region is modern Iraq. Seen from the air, it shines like
a white-washed wasteland, devoid of most life. Much of it was salted beyond
repair long ago by the ancient Sumerians. Between 2000 B.C. and 1000 B.C.
the Sumerian Empire, and subsequently its successor in southern Mesopo-
tamia, the Babylonian Empire collapsed. Irrigation which had made the be-
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- 2« possible of cities, literature, and civilization, led eventually to
210N,
The next major advance in agriculture, atleast in the modern world,
k -.-.c in Europe. In the centuries leading up to the first millennium
B - .rope was wilder and richer in biological terms than it had been in
:- mes. Vast forests covered much of the land. Terrorized by Vikings
p -~ < north, Saracens from the south, and the Magyars from the west,
pp+- “-cquently were forced to abandon settlements and theirsmall, tilled
s -~ crted to shrubs and scrub forest. Around 950 A.D. the raids grew
} 2 = halted. The population of Furope then has been estimated at
pur -~ entv-five million people. It was at about this time that a new kind
o <1, the moldboard plough, came into use. Large and heavy, it was
e-- -~ draftanimals. Digging deepinto the soil, itlifted dirtup and folded
e~ 1 he moldboard plough enabled a farmer to till on a previously un-
- - ted scale—far beyond that of earlier plots which were clustered
- sctilements and villages. Weeds could be controlled over whole
it % its use was extended, marshes were drained and forests felled so
e — rc land could be brought into cultivation. In a short span of time
- :-cas of Europe were, in a sense, colonized internally. With only
rainfall, significant agricultural surpluses were produced. As a re-
. —:2e was reactivated and towns, fairs, and markets grew up quickly. In
p-~ _~dred years, by 1150, the population of Western Europe had reached
. - tv million. The wealth generated from the expanded agriculture
p <_=cient to underwrite the Crusades.
L:ke every invention, that of the moldboard plough had a shadow
- 3. expanding the scale of farming it engendered an agricultural
pw. - - class. Formerly independent villagers began to be reorganized
- - 3 landholding system under the authority of a local lord, who was
* ‘nrough allegiance to a king. This ruler had royal authority over the
e feudal monarchies, which grew in power, did so at the expense
b weasant. At the time of the Norman conquest of England, free-hold-
g -+ :<ants were rapidly being indentured as serfs, many living almost like
~ Although it is a simplification to attribute so much to the invention
~oldboard plough, it is clear that without it history would have been
-11t. It remained the major tool for tilling land into this century.
, Bv the end of the eighteenth century in England the industrial rev-
Jur - had spread to the country.’ Machines were appearing on the farms.
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One of the most important was the big steam-driven thrashing mach
which greatly expanded the production of grain. In order to max1mlzc
ricultural profits English landowners, many of whom were industriak
wanted to make labor and rents commercially negotiable. As a result, §
traditional agricultural workers, the yeomen, were frequently replace(l
less skilled, migrant, seasonal laborers. Land ownership was a primary vell
cle for change and the landed class supported the technologies that we
altering agriculture. The same technologies fueled a crisis in tenureshd
and created widespread social unrest. By the end of the eighteenth cen
in England, five-thousand families owned half of the cultivated land, an
of these, a nucleus of four-hundred families owned a quarter of the total.

rural population of ten million was dependent on these families and theil
largess—or lack of it. Increasingly, the new machinery was used to intim#
date agricultural workers and to weaken their political position. Perhaps ma

where is it better described than by Thomas Hardy in Tess of the D’Urberuvilles4

Close under the eaves of the stack, and as yet barely visible, was the
red tyrant that the women had come to serve—a timber-framed con-
struction, with straps and wheels appertaining—the threshing machine
which, whilst it was going, kept up a despotic demand upon the endur-
ance of their muscles and nerves.

A little way off there was another indistinct figure; this one black,
with a sustained hiss that spoke of strength very much in reserve. The
long chimney running up beside an ashtree, and the warmth which
radiated from the spot, explained without the necessity of much day-
light that here was the engine which was to act as the primum mobile
of this little world. By the engine stood a dark motionless being, a sotty
and grimy embodiment of tallness, in a sort of trance, with a heap of
coals by his side: it was the engineman. The isolation of his manner and
colour lent him the appearance of a creature from Tophet, who had
strayed into the pellucid smokelessness of this region of yellow grain
and pale soil, with which he had nothing in common, to amaze and to
discompose its aborigines.

This demand for speeded up work to feed machines was dehumaniz-
ing to the traditional workers. Protests broke out in the early nineteenth
century throughout the countryside in the form of the “Bread and Blood”
riots and burnings. The slow migration of villagers and country people to
the grimy mills and sweat shops of the new industrial cities began. This pat-
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~ tern was not long confined to Great Britain, but spread quickly throughout
| Western Europe.

As agriculture became more mechanized and more closely tied to
commodity markets, it fell into serious economic trouble. By the middle of
ithe century crop failures were added to agricultural debts. In 1800 one-
third of the population in England had been working in agriculture. By the
end of the century the faction had dropped to one-tenth, representing an
agricultural decline which gradually created havoc in Great Britain and
Western Europe. The exodus of fifty-million people from Europe, most of
whom settled in the United States and Canada, began. The countryside was
depopulated in the path of the machine and the land consolidated in the
hands of a few men. This process continued until the advent of World War
1. This revolution in agriculture of the late eighteenth and nineteenth cen-
uries grew concomitantly with the developing capitalist system. The same
oeople who owned the expanding extracting and manufacturing indus-
iries also owned much of the farm land. The values and attitudes towards
-he natural world they had developed in industry spilled over onto their
zealings with the land. Although agricultural productivity increased and
e amount of food produced per agricultural worker gained significantly,
“he svstem itself was inhumane and therefore flawed. The lot of agricul-
-ural workers was not improved by the advent of the new machines.

The most recent and possibly the most powerful of all the innova-
=nns in agriculture, the Green Revolution, started in the New World. Al-
-nough its history is short, its methodologies and principles have spread
-zpidly around the world. The Green Revolution had its beginnings in the
_are 1800s in the United States when the federal government established
_:nd grant colleges and a countrywide agricultural extension service. Scien-
—:n¢ data on agriculture was assermbled on an unprecedented scale, tested

= the various campuses, and quickly put into practice on farms. Every ag-
~cultural region in the country was affected and within a generation or two
.zniculture was thoroughly modernized. As electricity was introduced in
-.ral areasin the twenties and thirties, it provided an additional catalyst for
_zange, bringing with it more urban lifestyles. The self-image of the farm-
-7 changed. Farmers began to see themselves as agricultural businessmen
:~d farming as the production of agricultural commodities. The concept

: stewardship, the partnership with and careful tending of the land, faded.
The basic attributes of what in the 1960s came to be called the



142

Buoshelters, Ocean Arks, City Farming

“Green Revolution” are well known: the massive use of, and dependd
upon petrochemicals, especially fertilizers, pesticides, herbicides, and
icides; the requirement of a large influx of electricity in many facets off
food cycle; and reliance on the internal combustion engine for all il
and harvesting. In terms of the scale and diversity of the machinery d
came to be used, the Green Revolution is without precedent. Some of §§
machinery currently employed in farming borders on the bizarre. The

a machine called “Big Bud, Model 747" which costs around half-a-mi
dollars. It weighs sixty-five tons, pulls a cultivator eighty feet wide at
miles per hours and can plow a thousand acres in twenty-four hours. B
Bud is so large it requires television monitors for the driver to see what
happening with the cultivator out behind.

The true hallmarks of the Green Revolution, however, are the ne
varieties of plants and breeds of animals. Both plants and animals ha
been developed which are scarcely capable of fending for themselves with
out help from an extensive agricultural infrastructure. The trade-off fol
such dependency lies in the unprecedented yields that are produced p e
acre. The hybrid corns, short-stem wheats, and new high yielding rices3
which have given the Green Revolution its name, have spread throughouti
the world in the last twenty years. Over one-hundred-and-thirty milliom
acres are under cultivation with these new crops, which require one-hun- 1
dred-and-twenty to one-hundred-and-eighty pounds of nitrogen fertilizer
per acre per year. Two and sometimes three crops are grown a year which,
under the best circumstances, has increased productivity two to three times
over that achieved by traditional agricultural practices using plot rotation
and traditional varieties of seeds. Using huge machines has encouraged
specialized crops over large regions like the vast rolling hills of Iowa corn
country, or the aquifer-fed center pivot irrigation grain fields of western
Kansas.

Modern American agriculture is vital to combating the dollar drain
to oil-producing countries through exported surpluses. Science, technol-
ogy, and banking have joined forces to keep agriculture economically ad-
vantageous, in spite of which, it is potentially vulnerable and extremely in-
flexible. In order to function, it requires, in the right place and at the exact
time, a precise combination of seeds, irrigation, electricity, machines, fer-
tilizers, pesticides, fungicides, herbicides, advanced weather reporting,
wide range pest analysis, and sophisticated marketing information. It takes
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sithv industrial sector in an advanced economy to support this agrlcul-
If one or two of the key elements are removed, the entire system is

r -+ uened. . ]
\Most scientists involved 1 agricu
- .nzing the structure of agriculture or with questions of land tenureshlp
_ently, in many areas, the countryside is becoming depopulated. Only
-~z percent of the population are farmers and the numbers of family
s hasdropped from 6.8 million at the beginning of World War I1t0 2.7
- _on today. Since 1950, every week some two-thousand farmers have
<= leaving their farms for urban centers. Rural culture has suffered. In
- .7xs of the country there is a ghost town feeling to some rural settlements.
=.~:zuse of high capital cost, the new technologies have forced farming to
- .mcuon accordinging to the imperative of the market economy, leaving
-« 2ind values based on family and land care. This has resulted in exploita-
= of both land and farm laborers. Furthermore, these methods of tillage
-1 cropping are allowing the land literally to blow away. Current soil los-
-« have been estimated at twenty-five percent higher than during the Dust
= wlvears of the 1930s. In the state of Washington twenty pounds of top-
.- are lost for every pound of wheat grown. By the year 2000 soil produc-
-:7v in many areas will be almost non-existent.”
In the early sixties Rachael Carson gave warning in her book The
-t Spring that we were poisoning the planet with chemical agriculture.
~dav, as aresult of infiltration by agricultural chemicals, many surface and
—ound-water supplies are unfit to drink. Rachael Carson also predicted
‘~at many pests would become poison-resistant and her fears have come
—ue. Three-quarters of the insect pests in California are insecticide resistant.
Farming uses more petroleum, primarily in the form of fertilizers
:d biocides, than any other industry. Such dependency is tantamount to
:n addiction. Recently the trend has been for fertilizer use to increase while
-elds have dropped. Grain yields have started to fall while between 1960-
.479 nitrogen fertilizer use nearly quadrupled. Farmers also receive less
znd less of the food dollar as the number of middlemen—manufacturers,
cackagers, wholesalers, retailers— has increased. Meanwhile debt structure
- agriculture is frightening. In 1980 ffty percent of farm income went to
nav interest on farm debt and between 1960 and 1982 farm indebtedness
‘umped over eight times to a current high of over two-hundred billion dol-
.ars. Many farmers are over a million dollarsin debtand pay three-hundred-

lture are not concerned either with

4

i
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and-fifty-six dollars a day on money borrowed at a below prime of
percent. {
Agriculture may be kept viable in the short term, however, by st
tederal price supports. Farmers can be given priority inacquiring pet
products. New and increasingly toxic pesticides can control the grg
pest populations. None of these strategies can be sustained indefig
however, in either economic or ecological terms.

2. Agriculture Based on Stewardship

Each of the historical developments in agriculture that we
traced has resulted in an explosion in productivity, with resultimg
surpluses. With each major innovation the wild landscape has beog
creasingly domesticated. Although this continues to be the dg
trend, the beginnings ot a very different form of agriculture are di
ble—one that is restorative, ecologically inspired, and applicable t
sign of future settlements. It is an agriculture based on the va
stewardship and involves both ancient and modern knowledge.
than exploding outward as the other innovations have, with biok
model it will implode, turning inward and moving in the dix y
miniaturization. This type of agriculture will break with the past m
culture of food will be more closely interwoven with the fabric ¢
ments. As our designs indicate, the division between agricult
ture will heal as towns, cities, and villages become more agri
utter separation between rural and city life, and the polarizatic
makes each an unsustainable form. The transformation of
which started as a primarily urban experiment, will soon move ¢
reoccupy and care for the land.

The concept of stewardship in agriculture is steeped in dilff
ues than the present business perspective. Throughout history
have worked the land have been serf, peasant, migrant farm v
man, pioneer, homesteader, tenant farmer, family farmer, amng
nessman. In each role, social position and self-image affects ba )
and attitude towards the land. Currently migrant farm workes
ploited class, struggling to earn wages in a market economy.
trolled by economic contingencies, the agribusinessman must, ¢
see labor, land and crops as commodities, and machines and i
primary strategies for maximizing profits. Both for him and for{
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poo - -7 the land has become objectified. Seen through the eyes of the agri-
i .2l steward the land and the countryside are living, vital entities held
r . _red trust, to be nurtured and protected for the good of all things. He
r -~ = hives in the harsh economic realities of the day, but struggles for the
-1 - e balance between ecological necessity and economic prudence. To
> -~e such a balance such a steward starts on a small scale, applying the
zots that underlie biological design. The steward applies a unique
-~ -1 principle to agriculture, realizing that the sub-elements of a system
- .t be enlarged independently and that in order to grow, the system
- duplicate itself so that the internal integrity remains intact and func-
me - 2. An agricultural steward strives to be a healer of the land. The wounds
m=- -« machines, poisons and bad land practices then become the raw ma-
me— -+ ot re-creation. The work is to restore waste places.
‘ The social forms of farming can change from very large, isolated
| £+ 1o smaller holdings. Stewardship in agriculture will require a range

| = crs have worked alone with their families usually on their own Jand. Al-
1 . 2ithis will no doubt continue, other social modes may emerge as well.
« - - ological farm will be comprised of diverse interacting components de-

~ - trom horticulture, orchardry, livestock husbandry, entomology, aqua-
.. bioshelters, and field crops all linked to create exquisitie three-di-
n~-sonal landscapes. It is conceivable that such a farm could be owned

f 4 orked cooperatively by a team of specialized farmers each of whom
b - .. subcomponent of the whole. It could have its own economic infra-
| < -ure and be set up as a small profit-sharing company. Such an arrange-

r.- - would allow for a creative balance between individual and collective

r --osts with the advantage of access to shared tools as well as skills.
In Chapter Three we sketched some of the attributes of natural sys-
- =« :nd the patterns in which ecosystems organize themselves over time
= -~z process of ecological succession.
Peter Raven in The Biology of Plants gives the following description of
. -2weal succession as

[11 ecology, the slow, orderly progression of changes in community
.omposition during the development of vegetation in any area from in-
tal colonization to the attainment of a climax typical of a particular geo-
Zraphic area.’

In the Fundamentals of Ecology Eugene Odum extends the meaning of
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succession to include the implications for human activity and agriculture.
He states:

In a word the ‘strategy’ of succession as a short term process is basi-
cally the same as the ‘strategy’ of long term evolutionary development
of the biosphere, namely increased control of, or homeostasis with, the
physical environment in the sense of achieving maximum protection
from its perturbations. The development of ecosystems has many par-
allels in the developmental biology of organisms and also in the devel-
opment of human society.’

Studies of ecosystem strategies like those of Dr. Odum create design blue-
prints for stewardship agriculture. Such blueprints permit agriculture to
move toward becoming intensified, miniaturized, and diversified, foster-
ing a dimension of self repair and sustainability. Market gardening, aqua-
culture, tree crops, and livestock are important components. Each of these
supports and enhances the production of the whole. Like the farm on Java
we described, multi-story diversification, close planting, and mutually re-
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~iorcing intercropping are integral elements. Light, nutrients, wastes,
~oisture, and beneficial organisms like bees, are shared by many of the
“mponents.
Successional or ecological agriculture differs from ordinary farming
= thatitadapts to changes over time. In early phases, annual crops and fish
~onds might dominate the landscape, but as the landscape grows and ma-
~ures, a third dimension develops as tree crops and livestock come into
“1eir own. The key is to mirror the natural tendency of succession which,
«er time, creates ecosystems that are effective and stable utilizers of space,
znergy, and biotic elements.

A successional farm is most likely to be a small acreage farm inten-
svely worked. The opposite of monoculture, it uses a number of diverse
=iements to establish the symbiotic relationships which lead to overall sys-
em productivity, health, and integrity. Components will include market-
:ble fish, vegetables, herbs, forage crops, bees, poultry, livestock, fruit, nuts,
and other economic trees. They will be assembled so that as the farm evolves
‘hrough each state, it will become an increasingly viable and cost effective
svstem. Each year fewer and fewer inputs will need to be imported for main-
tenance and self-regulation. Systems dynamics has given the agricultural
steward the ability to model time, space, economic pathways, and ecological
needs. At New Alchemy we studied computer models derived from wild
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ecosystems, then introduced domestic elements. This approach makes it
possible for the landscape to retain a deep ecological integrity even as it be-
comes increasingly agricultural.

Reflecting the natural world, ecological agriculture is complex—the
building blocks or subcomponents are comprehensible. To begin requires
gardening skills, a basic understanding of home fish aquarium techniques,
some knowledge of orchardry and small animal husbandry, and an elemen-
tary ability to identify insects. It is, in some aspects, far more accessible than
its Green Revolution counterpart. The secret is biological information sup-
ported by an ecologically derived infrastructure that gradually replaces
machinery, capital, space, and large energy and control inputs. The new
agriculture is made up of the following seven elements:

1. Bio-intensive Soil Management. One of the most successful meth-
ods of soil cultivation appropriate to new forms of agriculture was devel-
oped by the biodynamic gardener Alan Chadwick. He brought to North
America the raised-bed techniques used in the late 1800s in gardens around
Paris and combined them with composting and the somewhat esoteric bio-
dynamic methods developed by Rudolph Steiner and his associates in the
1930s. Chadwick was a teacher. His work has been extended and made ac-
cessible to large numbers of people by former systems analyst John Jeavons,
whose studies at Ecology Action in Palo Alto, California, are little short of
revolutionary. In his book How to Grow More Vegetables, Mr. Jeavons advo-
cates cultivating the soil to a depth of twenty-four inches by double digging
with either a shovel, or the the deep soil cultivator which he invented. The
surface soil is not turned under but set aside while the lower soil is being
dug. The surface soil is then replaced and thus remains on top, untram-
melled, which allows it to breathe and lets the rain, with its gases and nutri-
ents, percolate down slowly rather than wash surface particles away.

2. Intensive Planting Techniques. Bio-intensive gardening employs
a close planting pattern of crops, and often, crops grown in combination. It
incorporates abundant use of natural compost, light daily waterings, and
avoidance of soil compaction. Under this regime, aerobic microbiotic life
predominates in the soil and, by feeding the soil in the right combinations,
nutrients are made available for the crops by the microbes. With these soil
management and planting techniques, Jeavons has proved that, in Califor-
nia, a complete, nutritionally balanced diet can be grown in a four-month
growing season on as small an area as 2,800 square feet per person. Inten-
sive Japanese farming demands twice as mucli space, American mecha-
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-d agriculture requires five times the land area, and low input Indian
~culture hfteen. Jeavons’ research has shown that in a six-month grow-
z season a backyard gardener can grow a year’s supply of vegetables and
s truits (three-hundred twenty-two pounds) on one-hundred square
e~ working on an average of five to ten minutes a day.
Jeavons’ studies have given micro-farming an economic dimension
| & -cll. A tenth-of-an-acre farm in California conceivably could net ten- to
| 2w =n1v-thousand dollars annually with the farmer working forty hours a
I » =<k for eight months of the year. One of the reasons for such economic
wzoility 1s the lack of machinery and non-biological inputs. Design and
| 3:ndwork are substituted for hardware. Jeavons hopes to prove that as
T :.71 food can be grown on a per hour basis by hand cultivation as is now
¢r <tuced by mechanized commercial agriculture.
The research of Robert Rodale and associates who publish Organic
v ien and Farming and New Farm magazines, make a compelling case for
= .ngical agriculture. For many years Mr. Rodale and his father, J. 1. Rodale
»=7¢ among the few advocates of agricultural alternatives in North Amer-
v > Guided by Robert Rodale’s vision of a regenerative agriculture, the Ro-
=:¢ Research Center has experimented with composting, soil building,
:~ 1 water conservation on both garden and farm scales. They have docu-
Te=nted their work and chronicled the economic potential of ecological
“cepts in agriculture.
3. Aquaculture. The solaraquaculture based on the translucent cylin-
-4l solar-algae ponds, which we developed at New Alchemy, is the aquatic
:7210g of bio-intensive agriculture. The three-dimensional, above ground
=+ nds receive light from all sides and the top. The results of the experi-
— =18 with these tanks have been one of the most productive forms of low
=~ zrav aquaculture in the world. Fish, like tilapia, obtain a good part of
“ <1 diet by feeding upon the algae. A five-foot high by five-foot in diam-
== wank produces up to sixty pounds of fish a year and we expect to almost
= :Dle this figure one day by integrating new species of fish. In the summer
- z.t-grown, the tank-raised fish are transferred to shallow outdoor ponds
7 tattening to market size. The fish can be rotated among ponds and the
= nd bottoms, having been enriched by the fish, can be used occasionally as
~ced-tree vegetable gardens. The water from both solar-algae and out-
=1 ponds 1s used to irrigate and fertilize agricultural crops. When solar
=7ns are placed in sunny locations inside bioshelters they serve double
=2 by trapping and storing solar heat to function as low temperature “fur-
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naces.” They are effective enough to provide the heating for New Alchess
bioshelters when the sun is not shining. Aquaculture can provide part{
the early economic base for a farmstead while it is being planted to slow
turing crops like fruits and nuts. Although fish farming has been long m
glected in the Western world, ithas been a great ecological stabilizer in pas
of the Orient and has enormous potential for ecological agriculture herd
When there are ponds or lakes on the land, cage culture aquacult
is worth considering and is easy to integrate with the agricultural lan
scape. The fish are kept in small floating cages in the pond or lake.
beauty of cage culture lies in the fact that while it scarcely impinges upe
the environment, it is productive and it does not demand a high degreed
expertise. The pond does much of the caring for the fish, providing habita
and some food. The body of water can still be used for recreation includim
fishing for non-caged fish and for the irrigation of agricultural crops. 1
At New Alchemy Bill MclLarney and Jeffrey Parkin experimented
with cage design in a small pond that borders the Institute and successfully
raised good harvests of bullhead catfish and sunfishes in floating cages.
They summarize their experiences, as well as those of other researchers,
The New Alchemy Backyard Fish Farm Book. 3
4. Bioshelters. New Alchemy’s bioshelters and the bioshelters illus-]
trated in Chapter Four are the solar age equivalent of the nineteenth cen-
tury barn. Then the barn allowed the farm to continue to function after the ;
first hard frost in fall until the last frost of spring by storing the biologicat
material that sustained the farm. Grains, hay, and silage were kept to feed !
animals, and livestock were sheltered. In this way the period between grow-
ing seasons was weathered by overwintering. The bioshelter does the same |
thing, only more dynamically. The growing season continues inside the
structure. Vegetables and fruit are grown and harvested, fish hatched and |
maintained, and trees propagated. The bioshelter is the epicenter of an |
ecological farm. Seedlings, fish, beneficial insets, and young trees can be
grown for subsequent outdoor culture. A short growing season is less of a
handicap to raising food. Although many people, on first viewing a bioshel-
ter, see it as a technological implant, set apart from the agricultural land-
scape, we envision it being used increasingly as a source of biological mate-
rial for the whole farm as well as the most efficient means of bridging the
gap between growing seasons.
5. Small Plot Grains. It is popularly held that grain culture belongs
only in the vast fields of the midwest and west. At the Rodale Research Cen-
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Robert Rodale and Richard Harwood have been promoting backyard
e grain raising for years, and in the process have started to change this
i:2¢. John ]eavons by growing wheat and rye in one-hundred square
-2 plots using bio-intensive methods, is drawing even more attention to
jme-~ ptions in backyard farming. His first experiments have yielded twelve
o< ds of grain per one-hundred square feet. In California they expect
ez < able to obtain two, twenty-six pound crops over an eight-month sea-
= —~which is equivalent to fifty-two loaves of bread from a ten foot by ten
I .2 plot. Mr. Jeavons threshes the grain with small threshers are built in

 Jeoan.
-+ At the Land Institute in Kansas,Wes and Dana Jackson and their as-
‘soaciates are experimenting with a more radical concept for grain, one
» =ich could transform the way in which the prairies are farmed. They are
=1ng to develop perennial grains which would yield crops like domesti-
= cs-ed annual wheat and rye. These long-lived perennial grasses would pro-
w-:: and enhance the soil, as the wild prairie grasses do, but still produce an
z~nual crop of edible grains. One of their new plants is four plants in one.
Tne chromosomes come from eastern gamma grass, a wild relative of corn,
xomestic corn, and a perennial wild corn. They have been combined to
smzate one plant, in the language of genetics called a haplotriploid. The
Tzcksons are aiming for the hardiness of eastern gamma grass, the yielding
zo1lity of domestic corn, and the perennial nature of the wild Mexican corn
:nd eastern gamma grass combined.

The Jacksons have also developed a hybrid between sorghum, a pe-
-ennial which they intend to make winter-hardy by breeding it with sugar
cane. The high sugar content sorghum/sugar has an “anti-freeze”-like sub-
stance 1n its tissues, which increases its hardiness. They have been back
_rossing it to the sorghum and breeding this plantin turn to Johnson grass,
: tough plant with a deep penetrating rhizome. The result is a winter-
nardy sorghum grain with a deep, penetrating root system. In another suc-
cessful experiment the Jacksons searched through six species of high yield-
:ng perennials from the world’s collection of 4,300 varieties and found a
plant from the shores of the Soviet Union at about the latitude of Anchor-
age, Alaska. It was a wild perennial rye, known as the giant wild rye Elymus
niganteus. It is known to have been eaten by the Mongols. They crossed this
ziant rye with wheat. The cross has survived two Kansas summers, one of
which brought the worst drought since the Dust Bowl of the thirties.

Another of their projects involves changing the sex ratio of eastern
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gamma grass so that it becomes mostly female and therefore highly yield
ing. The wild easten gamma grass, a perennial relative of corn, has gran
which contain twenty-seven percent protein, three times that of corn. It
almost twice the thiamine of corn. The drawback is that, like most peres
nials, it is a low yielder. The reason for the low yield is the inflorescence o
flower cluster which is mainly made up of tiny males. An astute botanist dig
covered a mutant in the midwest that was mostly female. The Land Inst
tute acquired a clone, which, in tests, has yielded fifteen to twenty-
times that of the normal gamma grass. This is equivalent to thirty bushe
an acre—which rivals the yielding capacity of wheat. With sufficient hig
yielding perennial grains, a prairie agriculture could emerge which would
make the plough a thing of the past. Wildness and human interventioss
would once again be more closely balanced.” :

6. Livestock and Poultry. Animals are integral to any natural system.
They are nourished by plant and microbial life and contribute to the cyd
with their excretions and eventually with their decomposing bodies. Mod-
ern agriculture removes animals from large tracts of land to leave the ficlds’
free tor monocrop soybeans, corn, peanuts, grains, or hay. Although there'
are still some animal pastures, increasingly livestock and poultry are con-1
fined to feedlots or chicken factories. Although many ecologically sensitive
farmers are vegetarians and interested only in plants, animals are as much
a part of the ecological fabrics as plants or microbes, and a healthy agricul-
tural landscape depends upon them. Successional farming requires a bal- 1
ance between plants and animals, but the movement of animals must be |
carefully regulated. In early successional stages on an agricultural land-
scape chickens, ducks, and geese should predominate, as their feeding con-
trols weeds and the manure fertilizes the soil. Whereas in urban areas,
poultry may be the only animals it is possible to raise, on larger rural farms,
when the trees mature, pigs, sheep, and cattle will be part of later succes-
sional stages. Particularly in cold climates where growing seasons are short,
milk, eggs, and meat have long been the backbone of human diets. In a sus-
tainable agriculture they may not be as predominant with more fish, vege-
tables, and fruits being produced, but they will retain their niche in the over-
all ecological integrity of the farm. One of the challenges of the future will
be to breed animals adapted to agricultural ecosystems, while still retaining
some of the improvements of animals breeding in this century.

7. Agricultural Forestry. In areas where it is appropriate to the bio-
region, the climax state of stewardship agriculture is farming in the image
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- “he forest. The prairie, desert, and savannah similarly each dictate their
-m of sustainable agriculture. Where a landscape is mostly wooded, the
. mcultural element will include fish ponds, annual vegetables and herbs,
s=rennial grains and herbs, soft fruits, livestock and bioshelters as well as
--es. When the fruit, nut, and fodder trees are mature and become the
- ~edominant element, they will provide much of the economic base for
~¢ farm.
Over fifty years ago the American geographer J. Russell Smith stud-
=1 the relationships between trees and human communities and found a
= rect correlation between planting and caring for trees, and healthy di-
zrse communities. His research spanned several continents and many cul-
~.res. He chronicled the negative effects of deforestation on human be-
~zs. In his best known book, Tree Crops, he advocated an emphasis on trees
-+ the foundation for a restorative agriculture."

More recently, Bill Mollison, an Australian who comes from Tasma-
~1a. has been teaching and popularizing a system of farming based on tree
~aps which he calls Permaculture. His books Permaculture One and Perma-

“[ture Two go beyond the concepts of J. Russell Smith in that his perennial
:zriculture includes a broad ecological infrastructure set in a forested land-
~:ape. He stresses the importance of water, grasses, insects, wildlife, live-
<uack, species relationships, and siting, in the overall planning of an agri-
alatural landscape.

In Permaculture Two Mollison states:

1 regard permanent agriculture as a valid, safe, and sustainable, com-
plete energy system. Permaculture as defined here claims to be designed
agriculture, so that the species composition, array and organization of
plants and animals are the central factor.”

By insisting on dealing with complex biological systems as integ-
~ated wholes, Mollison flies in the face of those who would keep informa-
1on in parrow specializations. He claims that there are enough agricultural
zlements to fill all the necessary roles in an ecosystem. At New Alchemy
under John Quinney we have created a computer model for a theoretical
tarm in both economic and ecological terms. Itis projected over a twenty to
thirty year time frame. We are trying to locate biological patterns that assist
ecological cycles and optimize the overall health and productivity of the
maturing farm model. The grafting of bio-intensive methodologies with
archard crops represents a new direction for tree farming. So far, even in
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these early experimental stages, we are seeing exceptional tree health as
productivity. Two dwarf apple trees on eight-foot centers, for examph
have yielded two-hundred pounds of fruit. In statistical terms the avera
person eats one-hundred-sixty-two pounds of tree fruit annually. Usis
bio-intensive methods, a twenty-foot by twenty-foot plot could feed a fas
ily the fruit that it needs.

In getting started with the process of restoration, ecological agri
ture will probably have to continue to use some fertilizers and heaw
machinery, particularly on worn-out land. Machinery for chiselling, terrag
ing, pond digging, mowing, and contour plowing may be necessary. In thi
early phases land will be farmed less intensively, as it will need time to heali
On medium-sized farms, especially in hilly areas, oxen and horses could bef
used extensively as draft animals. Ecological agriculture will need to turn tof
composted city and town wastes to build soil fertility. It will introduce at-
mospheric nitrogen into the soil by growing nitrogen-fixing legumes like
beans, peas, and vetch. In some instances, the farmer may revive the use of |
fire to cold burn in early spring or at the beginning of a rainy season to re- |
cycle nutrients or clear overgrown areas. In some parts of the country, fire
may be a substitute for plowing, with seeding following the fire. Wes
Jackson has experimented successfully with this at the Land Institute. We 1
burn our valley every spring.

Extensive research into beneficial plants and organisms is needed
for integration into the larger ecological framework. Weeds must be
studied, as they are reliable indicators of soil health and guides to crop
planning. The technological hallmark of ecological agriculture will be the
incorporation of renewable energies in which sun, wind, and biofuels will
come to play a significant role. Gradually energy needs should drop to a
point where renewable sources can readily meet all demands. Electricity
use, for example, can be reduced from heavy demands, like deep well irri-
gation, to a more modest role in powering control devices, electric fencing,
and lighting. The solar cell will continue to find application, as it is ideal for
remote site day-time electricity production.

8. Wildness and Technology. Further ingenious innovations will
continue to surface. Ocean Arks’ Joe Seale has designed a highly efficient
wind-powered refrigeration and ice-making machine. The machine, de-
signed initially for fishing communities in the tropics, will produce ice, cold
storage, and auxiliary heat. The development of machines like this are re-
assuring because, of all energy sources, only renewable forms are distrib-




The Surrounding Landscape

-~ed equitably around the globe. People everywhere have access to some
:-mbination of sun, wind, or rain, and the technology using these isadvanc-
~z rapidly. There is easily enough energy to go around and to rebuild agri-
“..ture in an equitable and humane way.

Working within this framework of an agricultural ethic that is re-
= ived to do much with little, the study of weather near the ground, microcli-
~atology, looms large in importance. An ecologically-minded farmer sees
= zch patch of ground as unique, mysterious, and capable of a full flowering
:* the hand of the steward-designer. Light, shadow, moisture, drainage,
:nd air flow must all be incorporated into agricultural design. At the same
=me, wildness and wilderness must be revered and tentacles of wildness be
z.}owed to permeate, like the threads of a tapestry, throughout the agricul-
wural landscape extending even into the heart of cities. An ultimate goal
~nght be that for every acre which is farmed another would be set free. 1f
we were to create wilderness belts winding like highways throughout the
ssuntry in continuous bands, it would be possible to walk from Cape Cod to
v alifornia, and from the Gulf of Mexico to Hudson Bay by following these
elts. Such areas would help to protect endangered species and reintroduce
:ne wild side of nature into culture, recalling Gary Synder’s image of “com-
outer technicians who run the plant part of the year and walk along with the
=k in their migrations during the rest””By making the wilderness accessible
:n all parts of the country, the indigenous qualities of each bioregion will be-
:»me increasingly apparent. As a start, New Alchemy bioshelter agricul-
zurist Colleen Armstrong has experimented with what we call ecological “is-
.znds,” clusters of plants and beneficial animals left untouched and unman-
:3ed inside bioshelters. Control agents for pests like lady beetles and little
.izards take shelter in the “islands” where they are protected from regular
:iling and harvesting in adjacent agricultural zones. Such predators range

«ut 1n search of crop pests but can return to the safety of the stable ecosys-
ems of the island. A hedgerow serves a comparable function outdoors ona
tarm. On alarger scale, fenced ecological “islands” in patchwork patterns to
protect the wild grasses, flowers, birds, and beneficial insects characteristic
»f more stable landscapes, and to provide a continuous supply of genetic
material, are an important element in co-evolutionary restorative agricul-
-ural strategies.

The computer is a form of technology well suited to the ecological
steward. Because natural processes often are not obvious but counter-intui-
uve, modelling enables the designer to store and retrieve large amounts of
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information. Frequently in our work computer models have given us acoe
to the “memory” of the living system we have monitored and tended.
can ask such questions as what is the optimal ratio of pond area to pasturee
to orchard trees. How many fish and what combinations of species are ope
mal for our summer climate? The evolving model becomes a book which a4
agriculturalist can read and redefine. Although the real work is on the land
with living things, there is a place for a small computer, loaded with the bes
ecological and agricultural information in working with models. Such modk
els are meaningful, however, only as they become ever closer to nature. |
Evidence in support of the viability of ecological agriculture is b
ginning to accumulate. Paul Hawken in The Next Economy predicted a tre
back to smaller farms and an agriculture based on information and humanm
skill as people grasp that there are forms more sound economically tham
large scale, capital and oil-dependent mechanized agriculture.” A study
by the Institute for Environmental Studies at the University of Wisconsim
found thata landscape made up of communities of around thirty-five thou-
sand people surrounded by bands of intensively cultivated land is most |
suited to a society based on renewable energies.” Such studies reinforce
both the economic and ecological good sense of a return to an agriculture
based on stewardship to accompany the redesign of urban and settled areas. |




Chapter Six

e Transforming Energy

j It was our hope, in putting together this book, to make a persuasive,
&« umented case for the ecological design of human settlements and the
ar—cultural landscapes that support them—one which would enhance the
p:<sibilities for a sustainable, long-lived future. We have offered a sampl-
m: ~f the range of the fledgeling undertakings now becoming visible.
T=<se are still only pinpoints on a vast map but shape patterns that could
| B> us chart our way through the unknown in the coming years. Tentative
ar 1 1s0lated as they are, each has key elements in helping us work out the
re<-ructuring of how we live. They are signs that are hopeful and stand out
w : pertod like this, which might, given the most optimistic analysis, be pro-
m unced a time of transition. That we are in such a period is indicated not
<.~ bv the pace ot change itself but by the number of intellectual and in-
s ~national examinations of our fate. We think of the 1974 study The Limits
w - owth by Dennis and Donella Meadows,' the Global Report on the Year
2 +r prepared for President Carter by the Council on Environmental
7ozl ? the book Seven Tomorrows by Paul Hawken, James Ogilvy and
Pz-er Schwartz based on data compiled by Stanford Research Institute,’
:~d a proliferation of other future studies. There 1s also a tendency now in
= nular culture to examine our past as well as our future, as do the book
;. of the Cave Bear,' and the film Quest for Fire which have attracted large

- :mbers of readers and viewers. The films War Games, Testament, and The
Iviv After take an unflinching look at the present nuclear danger. The
=-pularity of space age science fiction, although frequently escapist, attests
- - 21 widespread realization of a changing future. It almost seems as though
» < are experiencing a widespread, collective identity crisis, searching back
:~d forth in time for clues as to where we may have come from and where
-« may be bound. So much that is familiar seems to be slipping our from
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underneath us. Very little remains constant for us to cling to. In our g
sonal lives, the solidity of the family, sex roles, values are in upheaval,

many peoples’ lives seem to be in a state of on and off crisis. It is Theod
Roszak’s theory that the emerging need of the person is the Earth’s urgd
cry for rescue. In his book Person/Planet, he writes: '

What, then, does the Earth do? She begins to speak to something in
us~—an ideal of life, a sense of identity—that has until now been harbored
within only an eccentric and marginal few. She digs deep into our un-
explored nature to draw forth a passion for self-knowledge and per-
sonal recognition that has laid slumbering in us like an unfertilized
seed. And 5o, quite suddently, in the very heartland of urban-industrial
society, a generation appears that instinctively yearns for a quality of
life wholly incompatible with the giganticism of our economic and
technological structures. And the cry of personal pain which that gen-
eration utters is the planet’s own cry for rescue, her protest against the
bigness of things becoming one with ours. So we begin to look for alter-
natives to that person-and-plant-crushing colossalism. We search for
ways to disintegrate the bigness—to disintegrate it creatively into humanly
scaled, organically balanced communities and systems that free us from
the deadly industrial compulsion of the past.

In the public arena there is widespread loss of confidence and dis
lusionment with the world situation as created by competing nation-statef
and with the ineffectuality of governments to ease the ongoing sense off
crisis. That we are living through a time of transition, unstructured and und
certain, seems unarguable. The question most pertinent for us to ruminate
on becomes—transition toward what? ‘

There are a good many scenarios about the future to choose from
these days. Very few of them are cheerful. The one implicit in the operatingi
of almost all governments is that through faith in business as usual and im}
technological advancement, we will muddle through this period without {
fundamental change and that things gradually will begin to get better. The :
worst, equally implicit to governmental policy, is a reckless gamble against
extinction by either nuclear holocaust or ecological disaster. There is, be- }
tween the two, a sort of mid-way possibility—a slow guttering out of indus- 1
trialism to be followed, in the dim future, by some now unforeseen rem-
nants of our culture. Yet another is that we would be seen to be clearing the
stage for cultures that have remained in the wings through this most recent
act in the human drama.

Preoccupation with the future, forecasting and advocating decisions
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that will be binding beyond one’s own time is a tricky business. Hubrisis not
-he least of the pitfalls. The only safe guideline, as far as we can see, is that,
whatever our decisions, they attempt to open options for ourselves as a
species and for the diversity of the other species with whom, ultimately, we
have a covenant and with most of whom, we share a common fate. As the
Gaia hypothesis delineates very clearly, life on Earth has been and always
will be a process of coevolution among all life forms. Both practical and
=thical considerations argue that we continue to remember this as we try to
and our way in the uncertainty which in the coming years, whatever the
scenario, inevitably lies ahead.

Dr. James Lovelock, co-author of the Gaia hypothesis, posed the
suestion: “To what extent is our collective intelligence also a part of Gaia?
Do we as a species constitute a Gaian nervous system and a brain which can
-nsciously anticipate environmental changes?”® The sophistication of our
-echnology unquestionably is beginning to put us in a position, at least par-
21allv, to do so. Information technologies currently used for spying and for
zerfecting the deadly accuracy of modern weapons have resulted in what
Daniel Deudney’ of the Worldwatch Institute has called a “rudimentary
"’anetary nervous system...a literal wiring of the earth.” The same sens-

. communication, and data processing technologies, however, could be
«cd with equal efficacy to guard against breaches in international disarm-
:ment agreements. Expanding vastly on the work we have done in model-
.2 the bioshelters we have worked with, just as relevant an application of
=13 tvpe of technology as Dr. Lovelock suggested, is the monitoring of the
-wsphere, not only for military purposes but as watchful stewards of the
7.znet’s well-being.

The largest qualifier on possibilities for the human future has only
~=:ently begun to be widely talked about or ‘named. Almost without excep-
-z, all the books, studies, and theories issued on the subject of the future
= :riv on contain a phrase to the effect of “short of nuclear war,” or “barring
= nuclear holocaust” as a proviso to the other eventualities to come under
2:xcussion. Steve Baer put the situation as succinctly as anyone has in

£ olution Quarterly when he wrote:

A dog that hasn’t been chained up long forgets. It rushes across the
vard and then~bang. Todav when people become excited about the fu-
ture and involve themselves with new uses of technologv they often get

carried away with hope—then bam—they think about the bomb. the H
L‘n‘aqjv"\ THP }'\)ll;irh‘ m M n" 'bh A Py -9 7" h’)\‘p 'hp r]’\a"n Fatal
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us. There is nothing very marvelous going on unless it is something to
untie that chain.®

Unthinkable has been the adjective most frequently prefaced to
discussion of the possibility of nuclear war. It has been unthinkable becas
actually to think about the death of everyone we love and our planet deva
tated is unbearable. Yet if we are to survive, we must face the unbearablef
order that we may not have to live with it. Most people know this at son§
level of their consciousness, but until recently most of us have success
screened it out. Since the dawn of the nuclear age we have lived as though
comatose in the face of such a reality. It has been less painful to bury th
fear in an absorption with the demands of everyday living, thereby layin
the ground for a future that daily becomes less likely. We have done this os§
the level of the individual and on collective and national levels. But even as
we have maintained an ostrich-like stance of avoidance, the threat has no
gone away but has grown greater daily. To ignore the escalating likelihoodH
of a nuclear confrontation as weapons are steadily stockpiled is to guaran-}
tee the highest odds that it will happen, if not by intent, then by human or
computer miscalculation, or communication failure. Itis uncomfortable to
speculate on how long our luck will hold, for once the first bomb has been !
detonated, it is impossible either to predict or to control what will follow,
what chain reaction will occur, or where it all might stop. Military and gov-
ernment strategists talk of containment and of a tactical strike, but there is
no one, anywhere, of any type of expertise, who can maintain with any cre-
dibility that, once launched, however it might happen, a nuclear exchange
could be contained.

In his book The Fate of the Earth, Jonathan Schell wrote:

Bearing in mind that the possible consequences of the detonation of
thousands of megatons of nuclear explosives include the blinding of in-
sects, birds and beasts all over the world; the extinction of many ocean
species, among them some at the base of the food chain, the temporary
or permanent alteration of the climate of the globe, with the outside
chance of ‘dramatic’ and ‘major’ alterations in the structure of the at-
mosphere; the pollution of the whole ecosphere with oxides of nitro-
gen; the incapacitation in ten minutes of unprotected people who go
out into the sunlight; a significant decrease in photosynthesis in plants
around the world; the scalding and killing of many crops; the increase
in rates of cancer and mutations around the world, but especially in the
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targeted zones, and the attendant risk of global epidemics; the possible
poisoning of all vertebrates by sharply increased levels of Vitamin D in
their skin as a result of increased ultraviolet light; and the outright
slaughter on all targeted continents of most human beings and living
things by the initial nuclear radiation, the fireballs, the thermal pulses,
the blast waves, the mass fires, and the fallout from the explosions; and,
considering that these consequences will all interact with one another in
unguessable ways and, furthermore, are in all likelihood an incomplete
list, which will be added to as our knowledge of the Earth increases, one
must conclude that a full-scale nuclear holocaust could lead to the ex-
tinction of mankind.”

Over our heads constantly then, hangs not only the threat of our
ow 11 deaths but responsibility for damage to life on a far broader scale than
humanity has inflicted ever before. And with the eventuality of human ex-
unction, snuffing out the life of all present generations and those yet un-
born would come an abrupt conclusion to Gaia’s co-evolutionary experi-
ment with human consciousness.

It would be unimaginably wonderful to wake one morning to learn
that. like a bad dream banished by the light, the nuclear threat had disap-
peared, and that we were free from being dogged by the feeling, however
Geeply buried that, as one young friend of ours put it, “It hasn’t happened
ver.” We could begin to think and feel and fully inhabit the world and time
#ziin. But this cannot happen so readily. We have lost our innocence. Fore-
seen in the meta-reality of myth which travels backward and forward in
wme. as in the metaphor of the Garden of Eden, we have eaten the fruit of
irowledge of good and evil and having done so, nothing can ever be the
szme again. We are faced with the ultimate, the consequences of our act.
Tne same discoveries that have freed us from the conceptual limitations of
Newronian physics and given us the knowledge of how to free the energy
¢--ntained in mass have faced us with our mortality as a species, and have
crnanged forever our relationship to each other and to the Earth. Lewis
\fumford observed in The Pentagon of Power:

Descartes forgot that before as he uttered these words ‘I think’... he
needed the cooperation of countless fellow beings, extending back to
his own knowledge as far as the thousands of years that Biblical history
recorded. Beyond that, we know now that he needed the aim of an even
remoter past that mankind too long remained ignorant of: the millions
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of years required to transform his dumb animal ancestors into con-
scious human beings."

The rationale for having landed ourselves in such an incredible di
lemma, ironically, is survival. We have not yet thoroughly integrated intos
our thinking the fact that the use of war as the ultimate political strategy be-}
came obsolete when the atom made it impossible to win at war. A pre-}
Hiroshima mentality remains fossilized in the minds of military planners,
strategists, weapons contractors and manufacturers, vestigial from aj
period that extended from the first raids and clashes between early trading {
bands to the wars of great empires and nation states. Now the fate of most
or all cultures lies with men who personify the extreme institutionalization {
of masculine values and whose attitudes reflect what George Kennan, the {
former American Ambassador to Russia, called an “almost exclusive mil- |
iterization of thinking.” This, he says, is symptomatic of what he further
terms an “intellectual primitivism and naiveté” unpardonable in a great
government.”" In the January 21, 1982, New York Review of Books he wrote:

And we shall not be able to turn these things around as they should
be, on the plane of military and nuclear rivalry, until we learn to correct
these childish distortions—until we correct our tendency to see in the
Soviet Union only a mirror in which we look for the reflection of our
own virtue—until we consent, in all its complexity and variety, embrac-
ing the good with the bad—a people whose life and aspirations, whose
successes and failures are the products, just as ours are the products,
not of any inherent inequity but of the relentless discipline of history,
tradition, and national experience. Above all, we must learn to see the
behavior of the leadership of that country as partly the reflection of our
own treatment of it. If we insist on demonizing these Soviet leaders—on
viewing them as total and incorrigible enemies, consumed only with
their fear of hatred of us and dedicated to nothing other than our de-
struction—then, in the end, that is the way we shall assuredly have
them—1f for no other reason than that our view of them allows for no-
thing else—either for them or for us.

Leaders of the West seem subject to comparable projection on the
part of the Russians. As the Jungian psychotherapist, Dr. Marie-Louise von
Franz observed:

The contemporary division of society into ‘right’ and a ‘left’ wing is
nothing but a neurotic dissociation, reflecting on the world stage what
is happening to the individual modern man: a division within himself,
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which causes the shadow—that is, what is unacceptable to conscious-
ness—to be projected onto an opponent, while he identifies with the
abstract picture of the world offered by scientific rationalism, which
leads to a constantly greater loss of instinct and especially to the loss of
‘caritas’, the love of one’s neighbor so sorely needed in the contempor-
ary world.”

_:ae 1solated survivalist groups, like the fearful little creature in Kafka’s
soort story “The Burrow,”” who closes himself off from all options, anxiety
-zs led to a mutual blind, self-defeating paranoia that denies the realities
~plicit to the larger situation, the outcome of a nuclear exchange. As
7 nathan Schell says:

... The upholders of the status quo defend the anachronistic struc-
ture of their thinking and seek to block the revolution in thoughtand in
action which is necessary if mankind is to go on living."

It may seem absurd, even simplistic to say, in such a dire and com-
oleX situation, that there are, basically, two choices—in the same sense as the
-id fellow meant two when he said he knew two tunes—one was “God Save
:he Queen” and the other wasn’t. Of the choices that confront us, one is a
~uclear exchange with the near certainty of death for all the civilized world.
T do nothing and to allow the arms race to continue unabated while
w~eapons technologies become ever more advanced and deadly and move
~ut into space is tantamount to choosing this. To try to defuse the arms race
with efforts, however frail and quixotic seeming, is to make a holocaust less

t a certainty. Should we lose the nuclear gamble we do not have two
worlds, one for experiment and the other for control. To work to dismantle
:he weapons and to forge a world order in which they will not be used, a
hitherto unlikely seeming eventuality that is begining to touch hearts and
minds everywhere, is the only choice that does not make a travesty of
numan destiny.

There is taking place at the time of this writing a universal, almost
miraculous awakening to the imminence of the nuclear risk and a fierce
zrass roots resolution to oppose it. Growing numbers of Europeans are re-
solved that their countries will not be the battleground for a Soviet-Ameri-
can exchange. In this country the demand for a bilateral freeze on nuclear
weapons has swept across the country, reaching the floor of Congress in
just over two years from the time it was initiated. The freeze petition caused
something of a stir in our own town of Falmouth. Some people maintained
1t was not a local issue. However, an editorial in our local Falmouth news-
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paper, the Enterprise, pointed out succinctly, “But it is.”* The townspeople
of Falmouth later voiced their agreement with that editorial statement at !
town meeting when the demand for a nuclear freeze received strong back- :
ing. The moderator of the meeting was instructed to “notify President

Reagan and the Congressional delegation asking for a moratorium with }
the Soviet Union and that all funds for nuclear weapons be transferred to
use for betterment of towns, villages and cities.”'® As one of the leading pro- 3
ponents of the freeze locally, Amelie Scheltema put it, “The charge of town °
meeting is the health, safety, and welfare of the town of Falmouth. The fed-
eral arms program directly affects all three. Given a choice, let us choose
life.”" The voters of Falmouth subsequently echoed that sentiment with a
four-to-one margin in favor of the moratorium.

Margaret Mead spoke often of the need for symbols, images, and
common interests compelling enough to transcend national and cultural
barriers. Dr. Helen Caldecott has rallied concerned doctors to revitalize
Physicians for Social Responsiblity and many groups of professionals have
formed similar organizations, such as Educators for Social Responsiblity. A
second anti-nuclear medical organization, Physicians for the Prevention of
Nuclear War has since been formed. Groups form almost monthly—Parent-
ing In A Nuclear Age, various freeze and disarmament groups. We should
attempt to unite parents and poets, painters and plumbers, for a nuclear
free world. The churches are becoming increasingly active and involved. It
was, in part, public pressure that forced the gradual wind-down of the war
in Viet Nam. Comparable pressure put an end to the atmospheric testing of
atomic weapons in the United States and Russia. This is precedence for a
popular voice achieving its objective. The strong grass roots base of the de-
mand for a nuclear freeze as an initial step toward universal disarmament
seems the most promising development of the early part of this decade to
stop an otherwise inevitable war that no one anywhere wants.

In the late sixties, as the ecology movement was beginning to gain
momentum, the poet Gary Snyder, drew up a manifesto he called “Four
Changes”. The areas in which he advocated fundamental change were
those of population, pollution, and consumption. These would lead even-
tually to the fourth of the changes—transformation. He wrote:

Since it doesn’t seem practical or even desirable to think that direct
body force will achieve much, it would be best to consider this a continu-
ing ‘revolution of consciousness’ which will be won not by guns but by
seizing the key images, myths, archetypes, eschatologies, and ecsta-
cies so that life won’t seem worth living unless one’s on the transforming
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energy’s side. We must take over ‘science and technology’ and release its
.possibilities and powers in the service of this planet—which, after all
produced us and it.™

For our own part, from the earliest days of New Alchemy to the
.aunching of our most recent ventures in planetary healing through The
Company of Stewards, and small, sail-powered cargo and fishing boats
-hrough Ocean Arks International, there has been much, if not all of the
1me, an underlying sense of shared excitement and involvement, of being
z part of and gaining strength from transforming energy. Our field of en-
ieavor has been in trying to work out the biological and technological in-
rrastructure underpinnings for an enduring society. New Alchemy’s role
nas been to conduct the research that corroborated our intuition of the
znormous lying in a growing partnership with the natural world. In order
+n further safeguard the coming years there are a large number of other
zevelopments that must take place. Lester Brown in Building A Sustainable
saczety notes that we must stabilize the world’s populations, conserve and
oreserve resources to a degree we have not imagined, maximize conserva-
.on and preservation of resources, change our use and spending of the
zlobal energy budget and build sustainable transportation systems. We
~1ust, he says, reverse the trend toward urbanization and revitalize agricul-
-are. We must look to greater local self-reliance of towns and cities and sim-
ler life styles for the affluent.® The combined momentum of all these
_nanges, he contends, would facilitate slowly the transfer from a growth
zependent economy to a steady state economy. Such a shift is similar to the
zradual switch from a mass to an informative economy which Paul Hawken
zdvocates as having the greatest potential in view of the current world
- “nnomic situation.*

Drawing on the data gathered by the Worldwatch Institute, Lester
>rown maintains that all the actions prerequisite to a changed world are al-
-zadv underway in some form, somewhere in the world. Several industrial
_untries have stabilized their populations. The birth rate & falling in a
~umber of Third World countries. Many countries have adopted solar and

-her renewable energy policies. Industrialized nations since 1978 have
~arted a marked increase in the efficiency of their energy use. He writes:

Each new hydroelectric generator, each new decline in the national
birth rate, each new community garden, brings humanity closer to a
sustainable society. Collectively, millions of small initiatives will bring
forth a society that can endure. At first the changes are slow, but they
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are cumulative and they are accelerating. Mutually reinforcing trends§
may move us toward a sustainable society much more quickly than now.
seems likely.” ‘

Juxtaposed against the background of the daily newscast, a s&
ment like this, however well documented, can sound like whistling im
dark. Butall around us are signs both of the present order not working
a new one beginning to be forged. In the election of 1980, less than fi
percent of the population of the United States went to the polls. This
the lowest voter participation of any western democracy. The fact is a pd
sible indication that many people are feeling emotionally, if not legally, d&

enfranchised. The enormity and remoteness of federal and state bureas
racies and the abstractions of national politics seem increasingly less cof
nected to peoples’ lives. This disassociation has a parallel development i
the concomitant resurgence of activist grass roots political life. Thinkin
globally and acting locally has become more than a slogan of environmess
talists and futurists. Falmouth’s endorsement of the nuclear freeze, sug
port of the Cape and Islands Self-Reliance Corporation Cooperative, an
gathering interest in Cape Cod as a bioregion is our own local evidence. G

a wider scale, we are in the midst of a country-wide proliferation of com-
munity-, county-, and neighborhood-based cooperatives, credit unions, re-}
cycling centers, health care and wholistic health centers, small businesses,
and organizations for local food and energy independence. New vitality 3
and commitment is being infused into neighborhoods, small towns, and
rural areas, as people realize they can work effectively on smaller scales in {
the midst of huge, impersonal governmental structures. Evidence is {
mounting of renewed sensitivity to the local bioregion, as well as to local
culture and traditions which bring out the identity of places and individu-
als. These are usually more closely tied to the immediate needs of people
and environment. In small, diverse units throughout the country people
are beginning to recreate the economic and political infrastructure for a
more workable society. Giantism, in the form of the corporate state and an
interdependent world mass economy seems to have reached its upper
limits. Individuals and communities capable of faster and more direct re-
sponses than institutions, are beginning to react and to take steps to gain
more control over the direction of their lives. Even though the message of
quickening change has yet to be assimilated by the collective bureaucratic
brain which, in the main, continues on its accustomed path, smaller units of
evolution, more flexible and closer to the ground, are busy adapting to the
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= orld immediately around them. California writer Stephanie Mills, in dis-

+cussing the phenomenon of the increasing strength of bioregional think-
:ng said, “The resistance of people to colonization and cultural destruction
= a constant of human history. A loyalty to the planet, a detailed sense of
olace and an informed love of homeland will save us.”*® Here at last
oerhaps is the reemergence of the instructions for want of which we have
~een so long adrift.

In the last quarter of the twentieth century the contrast has grown
more apparent between the continuing militarism, competitiveness, cor-
norate giantism, and exploitation embedded in a now-outmoded world
«1ew and the vision of human scale, ecologically sensitive, cooperative and
oeace-seeking entities of community and bioregion. Although the struggle
-+ and will, no doubt, always be part of the human lot, from the limited van-
:age point of this moment in history, it appears that we are entering a peri-
«d of intense polarization. Those who seek to keep open the greatest
~umber of options for the unfolding of life on our planet have little force
:n the face of the vast weapons of planetary destruction arraigned against
zll of us. Yet even a mind of the stature of Gregory Bateson’s did not dis-
count completely the potential of an effort motivated by conviction. In
Mind and Nature he wrote: “A fantasy is made real or validated by the ac-
ons that it dictates. In such a process the fantasy can then become mor-
shogenetic and a determinant of society.”* The drive for a nuclear freeze,
the hope for a sane world, and for continued co-evolution with Gaia is
sased on considerably more than fantasy. A great deal of concrete, serious
work 1s underway at every level, including that of the United Nations. In
fune, 1980, the Republic of Zaire presented to the United Nations a Draft
World Charter for Nature which began:

Life depends on the uninterrupted functioning of natural systems
which ensure the supply of energy and nutrients. Life on earth is part
of nature. Mankind has evolved from the same origins as other forms of
life, and lives in constant interaction with them and the physical ele-
ments of the environment.*

The Greek myth of Pandora 1s a reminder that when, by dint of un-
restrained human curiosity and meddling, all the evils had been let loose in
the world, hope still remained in the bottom of the box. We still have hope.
Often at New Alchemy we are asked why we keep plugging away, when the
orobable outcome for the future is so bleak. We can only say that in spite of
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our considerable intellectual pessimism, we have found in the work there, |
which is a small part of a much larger movement, a source of a kind of glan- |
dular optimism, evocative of what Greek mythology called hope. It was
seen as a panacea in the face of the evils of the world—a transforming ener-
gy which can work, as though, in Doris Lessing’s words, “there are lungs at-
tached to men that lie as dormant as those of a babe in the womb and they |
are waiting for the solar wind to fill them like sails.”* The work and the
thinking that we have been describing are no longer dormant. They exist
and struggle now toward a larger birth. We do not underestimate either the
contest or the odds. This birth of a new way to order society represents an
exercise in what our co-founder of New Alchemy, Bill McLarney, once de-
fined as applied rather than theoretical love. At the Solar Village Confer-
ence Keith Crichlow remarked that apathy, not hate, is the opposite of love.
We see strong signs of a quickening concern of applied love all over the
world. The era of apathy, the era when humanity feels helpless to better its
world, may be drawing towards a close. The predeominant image of our
age remains, sadly, the burgeoning mushroom cloud hovering constantly
over all of us. As the new cosmology emerges and begins to bind the scien-
tific and the spiritual and to reinfuse all life with the essence of the sacred,
that image could dissolve to one of the living, ‘blue, true dream of Earth’**
luminous in darkness of the surrounding sky. Closer to home one would
catch glimpses of landscapes that are wild and landscapes that support on-
going generations of human and non-human communities, of villages and
cities mirroring intense concentrations of activity and culture, of great
wind-powered sailing ships on the seas and smaller ones plying the coasts
and inland waters. It is a world not idyllically Utopian. It is still inevitably
scrappy and difficult. But this is a planet and group of cultures determined
to move toward an ever-unfolding potential, instead of gradual or total de-
struction.

It has been our intent with this book to paint, for our readers, word
pictures of the possible—doing so in the frankly partisan hope that they will
be persuaded of the validity of the concepts—an attempt on our part to say,
as Robert Frost did, if less poetically, “You come too.”*” It will be a shared
mutual venture into the unknown, offering for the present nothing more
nor less than hope, in an ongoing search for those instructions which, if we
begin to think and believe and act appropriately, may help us to go onliving
on our shining, blue-green home planet.
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Appendix A

The Company of Stewards, Inc.
and Ocean Arks International:

A Joint Prospectus for Land Restoration
Prior to Agriculture and Settlement

A Project to Employ Advanced Ecological
Concepts to Restore and Re-Inhabit
Semi-Arid Mediterranean Coastal Regions

Forests preceed civilizations,
Deserts follow them
Chateaubriand

Restoration Strategies: A Brief Overview

Orthodox reclamation projects involve tree planting and, in some
cases, the transport of water to nurture young trees. Most reforestation
schemes fail because they do not employ broad ecological strategies. We be-
lieve that receptive ecosystems must be created and put in place before
rapid restoration and reforestation can be accomplished. This would in-
clude water, soil, organic matter and myriads of microorganisms, all of
which might be absent at the outset. It should be mentioned that some of
our ecological methods will remain proprietory until the first projects are
successfully completed. This is not to lock up the information, but more to
develop the initial credibility and economic strength of The Company of
Stewards. Eventually, we want all of our techniques and biological mate-
rials to become available for comparable work by others. In fact, an advis-
ory and supply service might well grow out of the schemes described here.

1: Topographic Restructuring

Most land forms are the result of weathering or erosive forces. Con-
sequently, they lose water, soils and organisms, and they are incapable of
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catching and holding air- and water-borne organic materials, spores and
seeds. Our first task on any site will be to restructure topographically key
parts of the land. As a result the land will become the ecological equivalent
of a baseball mitt catching and holding moisture, dust, soil and air-borne
materials. Site design, requiring the one-time use of heavy machinery, is
one primary ecological tactic we will use. Only a small percentage of the a-
creage will require this treatment. Natural analogs will be developed on the
remaining lands.

2: Desalination of Sea Water

In order for the land to be inexpensive, we assume that little or no
water will be available on the site at the outset. Over a dozen water
strategies will result in a rapid ecological development of the site. Two are
mentioned here to illustrate ways in which The Company of Stewards uses
salt water as a restoring agent.

i. Salt Marsh Strategy: Salt marshes exist at sea level. They are
flooded by tides. Their biological roles are extremely important for the
land as well as the sea. Salt water becomes fresh water in the tissues of its re-
sident organisms, especially the plants. Salt marshes are nurseries for valu-
able marine life.

We propose to make “artificial” salt marshes above sea level and in-
land. They will be periodically flooded using New Alchemy windmill
pumps and solar electric pumping units. The pumping will simulate tidal
action. Salt marsh organisms will be collected throughout the Mediterra-
nean region to seed and innoculate the new salt marshes.

In short order sediments will accumulate and new biomass will grow
in abundance. Sediments and biomass will be used to mulch and “irrigate”
adjacent terrestrial vegetation. Also, the salt marshes will capture rains and
over time become increasingly brackish, ultimately supporting oyster and
mullet culture. Salt-tolerant trees and crops, such as the Carob bean tree,
will be established and will ring the inland salt marshes. These, in turn, will
provide an ecological beachhead for other trees and organisms. Like the
ripples of a pebble striking a pond, the soil and plant life will develop out-
ward and inland from their marsh center.

ii. Bioshelter Strategy for Water Use: The second example
employs the climatic envelopes, like New Alchemy’s bioshelters, to desali-
nate sea water passively within. Trees, plants and soils, as well as fresh-
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water and marine fishes will be cultivated. The salt is separated out from
 the water by condensation along the roof of the bioshelter and on the sides
ot the translucent sea-water tanks. Pure salt is a by-product of this evapora-
| 1ve/condensation process.
The bioshelters will serve another critical function. They will be ar-
ranged spatially to provide the basis for an agricultural forest and its
ecological components. The process is as follows:

a. A number of fifty- to eighty-foot diameter geodesic climatic enve-
lopes, or bioshelters, are placed in a ring to create a large circle.

b. Sea water is pumped into solar silos within the bioshelters.

¢. Evaporation and condensation produces fresh water.

d.Fresh water is used to establish a young ecological forest and its com-
ponents within the bioshelter.

e. Excess water is used to establish a ring of trees immediately around
the outer periphery of the structures.

f. Once trees, their root systems and soils are established (within two
years}, the geodesic bioshelters are lifted off and taken to a new site to

repeat the cycle.

g. The cluster of trees and vegetation eventually trap their own mois-
ture and trigger ecological succession preparing the way for a perma-
nent agriculture.

Saline, brackish and fresh water all will have their unique ecological
pathways. Aquaculture, the farming of aquatic organisms, will be integral
to the restoration process. The abundant organic wastes produced by
shellfish and fish will be used to help build soils. Cultured fishes and

shellfish will provide an early economic base for the enterprise.

3: Sotls

Weathering and microorganisms wear down rocks to produce soils.
Some thirty-eight major groups of prokaryotic organisms, particularly
bacteria, and higher eukaryota, including algae, molds, fungi, minute ani-
mals and vascular plants, do the work in concert. Inoculants of these liv-
ing organisms combined with moisture and organic matter should allow us
to produce the equivalent of a thousand years of topsoil in a decade. The
secret lies in the combining of microorganism seeding with protecting
newly forming soils from erosion and wind while providing them with es-
sential moisture. Trace minerals for the soils will be derived primarily
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from salt marsh by-products. Initially, in some areas, it may be necessa ;
to add missing macronutrients.

4: Trees

At the dawn of Mediterranean civilization most of the land
forested. We intend to recreate a forest-like landscape using a combinatios
of economic trees, including fruit, fodder and nut-bearing species, with
trees essential for the ecological unfolding of the orchards and soils.

The understory below the trees will be planted to various foragel
plants, including legumes, which have the ability to locate and bring trap-j

ped moisture up to the soil surface. Poultry, and eventually livestock, will bej
introduced at the appropriate stage to complete the nutrient cycles and in-4
itiate new economic activity.

5: Bioshelters

Bioshelters have already been mentioned under water and its use. |
Here it is suffice to say that a bioshelter is a structure with a solar envelope }
that is used to initiate a wide range of biological systems within. We have
used such structures to grow food year-around in rugged temperate cli-
mates like the Maritime provinces of Canada. They are also used to grow
vegetables and fishes in deserts and arid regions.

Recently, John Todd received support from the National Endow-
ment for the Arts and two private foundations to design and develop a
second generation bioshelter that would be long-lived, light and portable,
capable of withstanding severe storms, exclusively solar-powered,
adapted to extreme environments, including the Mediterranean, and
cost-effective for food culture in the U.S.A. In this project these bioshel-
ters will be the “embryos” and epicenters of the overall restoration pro-
ject. Highly water-conserving, they will be used for plant propagation, for
the hatching and culture of young fishes, and for the growing of myriads
of beneficial microorganisms. Without them a ten-year time frame for
each project would not be possible.

6: Wind and Solar Technologies

The Mediterranean is blessed with abundant sun and strong sea-
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sonal winds. Advanced wind engines and solar cell electronics, with which
we are already experienced, will be employed for pumping, irrigating and
electrical generation. New Alchemy's water-pumping windmills are al-
ready more cost-effective than electrical or diesel water pumping in the
United States. Apart from liquid fuels for earth-moving machinery and
overland transport, we do not intend to need petroleum products in large
quantities. Each project will be energy independent to a high degree and
invulnerable to supply disruptions or major fuel price increases. It should
be emphasized that it is our careful linking of the technical, ecological,
energy and agricultural elements into a unified approach that provides the
basis for this relatively autonomous method of land restoration.
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Appendix B

A Request for Support
from Ocean Arks International

A Project to Help Save the Coastal Fisheries
of Guyana, South America, with the Aid of
Advanced Sail-Powered Fishing Vessels.

I. Background and Purpose

The fisheries of many tropical nations are threatened by their coun-
trv’s international indebtedness, and as a result, the future of fishing com-
munities is in jeopardy. Within the past three or four decades, fisherman
have become totally dependent upon imported fuel, engines, boats, and
spare parts/repair infrastructures, all of which were based upon access to
foreign exchange. In many countries this critical hard currency is no
longer readily available to fishermen. For example, Guyana, which has ex-
traordinary fishery resources within its territorial waters, is particularly
hard hit with a large foreign debt and soft currency. The artisanal fisher-
men find that fuel is becoming prohibitively expensive and engine spare
parts are almost impossible to acquire. Collapse of the system is currently
prevented by international aid organizations, such as the Canadian Inter-
national Development Agency, making new motors available to the fishing
cooperatives. This stop-gap measure is not expected to continue for much
longer.

The International Monetary Fund has recently proposed another
major devaluation of the Guyanese dollar which would limit even further
their access to imported fuels and materials necessary to maintain their
fleets. In theory the artisanal or coastal fishery could provide all of
Guyana’s protein needs, however, at the present time its marine resources
are underutilized and many fishermen are nearly destitute. Unless a diffe-
rent approach to fisheries development is found, the situation can only
worsen.

Guyana’s problem is mirrored in various forms in many fishing
countries, and the solution may be found in a traditional energy source.
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The northeast trades blow year-round along the northeast corner of South 1}
America where Guyana is situated. Because wind power represents a |
genuine alternative for many regions, Ocean Arks International launched |
in 1979 a broad, multidisciplinary project to develop advanced design
wind-powered fishing vessels.

Several design objectives were established at the outset. They were:

Components that required imported materials, and foreign ex-
change would be limited to 15% or less of the total cost of the
vessels.

New wood-product technologies had to be found. They needed to
be based upon easily planted and rapidly grown tree crops, and
not on slow-growing, non-renewable noble woods which played a
role in traditional boat construction and are now in short supply.
That the most advanced naval architectural and wind technolo-
gies be employed to create sail-powered working water craft capa-
ble of maintaining speeds equivalent to the motorized vessels they
were intended to replace.

We felt that if the most modern engineering and materials science
were applied to the challenge, then a new age of sail could come to the aid of
fishermen. Further, we hoped to accomplish the task without adding to the
ecological deterioration of the remaining tropical forests. Within the last
year we have begun to achieve our technological and ecological objectives.

I1. Accomplishments to Date

i. Wood-based Technologies: Three comparatively new technolo-
gies have been refined and adapted in order to build vessels with excellent
strength to weight ratios and cost effectiveness. This includes Constant
Camber mold utilization which allows identically shaped, mass-producible
wood strips to be fabricated into compound curved hulls. Secondly, ep-
oxies and wood veneers have been combined to create composite building
materials which are strong, light, rot-resistant, and long-lived. Finally, vac-
uum bagging, a method for holding the strips of wood on the mold and
providing pressure for the bonding stage in the fabrication of the wood/
epoxy composite boat material, has been developed to the stage where it can
be employed inexpensively in small communities throughout the Third
World.

ii. Boat Wood Forestry: In collaboration with NAISA in Costa Rica
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we have established plantings of various trees to test as candidates for
wood/epoxy composite construction. Melina, a fast-growing tree from New
' Guinea, has grown to a suitable size for boat construction within two years.
| Preliminary tests indicate it is epoxy compatible. Baromalli, an underutil-
1zed species from Guyana, has been successfully used to make the compos-
ite building materials.

iii. Naval Architecture: A prototype vessel, the first of the “Ocean
Pickups,” was launched in November of 1982. It was designed by Richard
Newick, the creator of some of the world’s fastest ocean-racing multi-hulls
including the last OSTAR (Observer Singlehanded Trans Atlantic Race)
winner “Moxie.” He has successfully translated his skills into a working wa-
ter craft. The prototype Ocean Pickup, a 32’-long trimaran which weighs
less than a ton, has proven to be capable of carrying a ton and one half of
cargo and of sailing at speeds up to 20 mph.

iv. Sea Trials and Fishing Gear Development: During the 1982/83
winter the prototype Ocean Pickup, the “Edith Muma,” was given sea trials
under a variety of weather conditions in New England. Trawling, trolling,
gill netting, and long lining gear was developed for the boat and tested
under difficult winter conditions.

v. Voyage to Guyana: During March and April 1983 the rig was
modified, and the vessel was given a cabin and outfitted for the approxi-
mately 3,600-mile trip to South America. In May during the first leg, Cape
Cod to North Carolina, and the second leg, Beaufort to Bermuda, the
Ocean Pickup was continuously exposed to heavy-weather sailing and
proved rugged and capable of handling the difficult conditions. The third
leg of the journey, the 2,200 miles from Bermuda to Guyana against south-
east headwinds, took just under fourteen days. This fast passage was made
with the vessel carrying fishing gear, fuel, water, an auxiliary 15 hp out-
board, supplies for Guyana, and provisions, attesting to its performance
under load carrying conditions.

vi. Fishing in Guyana’s Drift Net Fishery: In June and early July
the Ocean Pickup fished in the drift gill net fishery of Guyana. Drift netters
account for 40% of the artisanal catch. Because of their range and power
requirements they are especially vulnerable to input cost increases. The
Ocean Pickup successfully set, fished, and hauled one-mile-long gill nets
under sea conditions considered unsuitable for existing boats. Fishermen
had no difficulty sailing the multihull and were awed by its speed, effective-
ness as a working platform, and its potential range. They told us they would
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willingly buy Ocean Pickups at our estimated in-country construction cost
of G $35,000.

Our preliminary economic estimate indicates that each Ocean Pick-
up would save the fishermen more than G $20,000 annually and at least
double their range. Based upon our rate of fish capture to date, Ocean Pick-
ups in the drift net fishery could pay for themselves within a single year.
The challenge now will be to create the infrastructure in order to cost-effec-
tively build a fleet of Ocean Pickups in Guyana.

II1. Project Work Still to be Undertaken

i. Experimental Fishing: A large mid-water zone exists between 5
fathoms (12 miles offshore) and 20 fathoms (35 miles offshore) which is
beyond the range of most of the existing vessels and which is scarcely
fished. We want to use our specially designed shrimp and bottom fish trawls
for experimental fishing in this zone.

The Ocean Pickup is also rigged to fish for large sharks and to aid
with developing a shark fishery. Shark meat and fins are in high demand.
It is planned to fish in areas where sharks are considered abundant.

A single test trip using the trolling gear turned up catches of yellow
fin, tuna, and mackerel. It would be valuable if we could establish a sail-
powered trolling fishery for pelagic species.

ii. By-Catch from Shrimp Boats: Shrimpers trawl out to the territo-
rial limits of Guyana in search of highly valuable shrimp. Up to 80% of
their catch is fin fish which are discarded because they are not valuable
enough to process on the trawlers which cost up to 1.5 million Guyanan
dollars to purchase. Scientists estimate that almost all of the country’s meat
needs could be met by the fish which are killed and wasted at sea. As yet no
one has found a cost effective solution to the by-catch problem.

We suspect an Ocean-Pickup-like vessel, larger than the prototype,
may be the answer. To test our assumptions we propose to rendezvous with
shrimpers at sea and transfer the by-catch to the Ocean Pickup, and with
the fish packed in ice, sail the vessel the 70-90 miles to Georgetown. We
have designed the transfer gear and are working on the logistics of ren-
dezvousing with trawlers. We expect that within six months the cost ef-
fectiveness and suitability of Ocean Pickups as by-catch vessels can be
determined.

iii. Developing and Financing the Infrastructure to Build Ocean
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Pickups: We are committed to seeing that the preliminary research and
zevelopment is translated into boat building and boat plantation enter-
orises. Over the next half year the various national and international agen-
-1es responsible for fisheries development will need to be coordinated and
-he entrepreneurial skills located to undertake the task. Ocean Arks Inter-
national will coordinate the negotiations and seek financing for the imple-
mentation phase. Preliminary talks with the Inter-American Development
Bank and Guyana Fisheries Limited have begun. Over the longer term OAI
will have to provide ongoing technical and training services to the Guya-
nese in order to ensure that the finest possible fishing vessels are developed

ind made available to the people of the southern Caribbean region.
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The Ocean Pickup in Guyana

In early May 1983 the Ocean Pickup, our thirty-two foot trimaran
fishing vessel sailed from Martha’s Vineyard in New England to Guyana in
South America, a voyage of over three thousand five hundred miles (5,632
km). At the request of the Guyanese government and with support from
the Canadian International Development Agency, we were to introduce
our sailing technology to Guyanese fishermen.

The background leading up to the voyage was given in the first issue
of Annals (Vol. 1, #1, 1583) with adetailed description of the Ocean Pickup
and the technological innovation involved in its development. In this arti-
cle therefore I will only summarize this briefly. Copies of the first issue of
Annals are still available. I originally became involved with sail-powered
working watercraft after direct experiences with some of the crucial prob-
lems being faced by fishermen throughout the tropics. Within the last few
vears, one fishing community after another has begun to suffer from a lack
of engine spare parts and from the high cost of fuel which is often in short
supply. Modern fishing vessels are getting harder and harder to maintain.
In Guyana some fishermen have to own five outboard engines to keep one
running and in spare parts.

Itis not likely to get better. Most fishing nations started to modernize
in the decades between the 1950s and the present. They obtained fast boats
and efficient gear, and most of them caught enough more fish to pay for
the changeover. Modernization made them dependent upon industrial
nations for boats, gear, and fuels. To complicate the story this moderniza-
tion was based upon international borrowing and national solvency which
was removed and independent of the fishing communities. Now many of
the tropical countries are becoming broke, to all intents and purposes, due
to a lack of foreign exchange. Without hard currencies they are unable to
import, and as a result, the service networks as well as the industrial infra-
structure of the fisheries are beginning to fall apart—in some cases rapidly.
Around the world there are growing numbers of small scale fishermen who
now lack the where-with-all to ply their fishing trade.

It seemed to me that there must be a contemporary alternative to
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buying boats, engines, fuel, and gear from industrial countries. I started to
look for more regional solutions that borrowed from the fruits of scientific
and engineering knowledge which could be applied in the context of trop-
ical countries and peoples. From the outset I set four basic guidelines or ob-
jectives for a project to help fishermen with the development of a new type
of working vessel. They were: our fishing boat had to be primarily wind
powered, but at the same time as fast as most of the motor boats it was to re-
place; construction technologies had to be suitable for building in the
tropics, within the communities themselves; the primary construction
material must be derived from fast growing trees which would be a part of
the reforestation projects we intended to promote; finally imported com-
ponents had to be less than twenty percent of the overall costs of the vessel.
In this way, by exporting one in five of the vessels built into hard currency
countries, input needs could be paid for.

These objectives would have been almost impossible to meet if it
hadn’t been for naval architect Richard C. Newick. Dick is known in yacht-
ing circles around the world for his record-breaking proas and trimarans
which look like space age sailing craft and seem half bird and half boat. His
major commitment is to use his design skills and technologies to create sail-
ing workboats for fishermen, even the poorest of them. The first Ocean
Pickup represents the marriage of three technologies: constant camber
molding, wood/epoxy composite building materials, and vacuum bag-
ging, with the advanced design of Dick Newick. The 32 foot trimaran is
fast, weighs a ton, and can carry a ton and a half of gear and fish. Itis strong,
seaworthy, and we believe long-lived.

The first Ocean Pickup, the “Edith Muma,” was fished off Cape
Cod. In May skipper Russ Brown and Jonathan Todd sailed her down the
east coast of the United States to Beaufort, North Carolina, and after mak-
ing some alterations to the rudder, directly off-shore east to Bermuda. The
trip was one storm or blow after another. Although it was an exhausting
trip, the “Edith Muma” was beginning to prove herself at sea.

At the beginning of June I joined the boat in Bermuda for the ap-
proximately twenty-two-hundred-mile journey to Georgetown, Guyana.
Russ stayed on as skipper while Jonathan flew to Guyana to help prepare
for our arrival there. At dawn on the 3rd of June we set sail from Bermuda,
and within a few days in the Sargasso Sea, we were plagued with light, fluky
winds. We headed east toward Africa in the hope of picking up the trades.
Our southeasterly course took us over four hundred miles east of Bermuda
onto a line directly north of Georgetown, Guyana. Overall the voyage was
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tast and beautiful. The winds came mainly from the southeast and we were
close hauled and drenched in spray on deck. The pocket-sized cabin could
only hold one of us at a time. We alternated sleeping and sailing.

At 8:30 in the evening on the 7th of June I wrote in my log: “Sailing
hard and fast, a trimaran at speed must rank as one of the penultimate
sport sensations.” By 10:30 my mood had changed. “I am worried that we
are sailing too fast, for we are starting to emulate the little flying fish too
closely.” I doused the jib and eased the main. At 1:30 a.m. I collapsed into
the bunk exhausted. On the 12th we were struck by a brief storm straight
out of Caine Mutiny. We rode it out with a sea anchor and the rudder re-
moved.

Our solace was that we were making distance over the water. By the
end of the 12th day we reached our closest point to a body of land. We were
90 miles due east of Barbados. There was real beauty everywhere at sea. On
June 12th I wrote: “The sky this dawn was beyond the painters or photog-
raphers art. It was a melange of massive, ever upwelling, ever dark and light
permeated rainclouds. Quintessential tropical storm sky.”

On June 13th: “This morning I fight off sea blindness by being the
Darth Vadar of the sea. I have a face mask, visor, glasses, head band, foul
weather top, and a ‘Solar Aquaforms’ t-shirt tied to my head, as the heat
and light are so intense.”

Inside the territorial waters of Guyana we started to see fishing
boats, the first since Bermuda. Beyond the continental shelf we spotted a
snapper/grouper long liner rolling the large seas. Later in the day we saw
the first shrimp trawlers, working in pairs or clusters. During the night, as
we closed in on the South American coast, more boats appeared. At one
point the beacons I thought might be the Georgetown entrance turned into
bobbing kerosene lights marking the extremities of huge fishing nets on
the surface. During this last night at sea I had the distinct pleasure of slowly
sailing past a freighter on the same heading. It gave me hope for an age of
commercial sail.

At dawn on the 17th of June, after two weeks at sea, I found myself
weaving through a phalanx of fishermen’s traps, lines, and gill nets trying
to hold the course Russ had set. As it turned out, his navigation through
those current-filled waters had been flawless. The land in that part of the
world is so low that, on a boat like the “Edith Muma,” it is invisible eight
miles offshore. Finally, I spotted the Pegasus Hotel, alandmark which indi-
cated that we were on our course after two thousand miles. I woke Russ,
and we called the lighthouse keeper on our hand-held radio. His voice was
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friendly, and he said he would telephone Robert Williams, the head of
Guyana Fisheries Limited.

It was a different world as we entered the Demerara River. The
“Edith Muma” sailed past the big market, close to an aging ferry, sardine-
packed with people who stared at us, and then on up to the shrimp boat
docks where we dropped sail. Waiting there to meet us were Neil Wray, the
Guyanese coordinator of our project; Steven Drew, a master fisherman
who was to work with us before taking up his teaching position in Fisheries
at the University of Rhode Island; and Jonathan Todd and Rob Robinson,
who were to crew during the fishing trials.

Without delay we began to ready the boat for fishing trials which
would continue, except for an interruption for repairs and painting, until
late August. Our first task was to include the Ocean Pickup in the existing
fishery under the guidance of a local fisherman whose gear we used. The
first fisherman, Henry Bosdeo, was a propitious choice. He lived in Zee-
burg on the West Demerara coast and was one of the best at his trade. There
was mutual respect from the beginning. Henry Bosdeo is a member of the
artisanal fishery. The fishermen work with drift gill nets from open boats.
The majority of the vessels are large, flat bottom skiffs up to 35’ (10.7 m)
in length, powered by 40-55 hp outboards. Some of the boats have small
cuddies forward to help protect the crew from the elements. Fishermen
like Henry use mile long (1.6 km) gill nets to fish on the surface in the shal-
low waters of the continental shelf. Usually they stay within fifteen miles
(24 km) of the shore. Henry Bosdeo and his neighbors burn alot of fuel, up
to $90 worth Guyana per day. Since they fish about 20 days a month, this
works out to about $1,800 Guyana per month. In U.S. currency this repre-
sents an annual fuel bill for an artisanal fisherman of over $7,000. Many of
the fishermen use auxiliary sails to reduce their costs. The skiffs do not
carry ice which is not normally available. Men like Henry Bosdeo feel their
range and duration at sea are constrained by lack of ice and by fuel costs.

The Guyanese have a small number of larger, diesel-powered drift
gill netters with deck houses, crew quarters, and ice holds. These vessels
range further afield and fish with large 1,200 1b (544 kg) 1% mile long (2.4
km) nets. They carry ice and fish the productive middle grounds. Some
long line for snapper 100 miles (160 km) offshore on the edge of the conti-
nental shelf.

Despite the fact that Neil, Jonathan, Rob and Steve were sick, our
first day of fishing with Henry was a success. In a three-hour set they caught
grey snapper, shad, ocean cathish, and one mackerel, which we sold in the
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Georgetown Guyana market for $153 Guyana. Henry was so delighted with
the boat that day that he relieved the ailing crew by sailing it smartly home.
Once ashore he offered to buy the vessel. In subsequent trips with Henry
our catch rate climbed to up to 300 lbs (136 kg) of marketable fish per hour.
On one occasion we set and hauled the mile long gill net in conditions too
rough for the rest of the fleet to leave the shore. The “Edith Muma” was
starting to make friends. '

Henry Bosdeo and other fishermen told us that they would modify
their fishing if they had Ocean Pickups. They would sail further out to the
richer, scarcely fished middle grounds. Following our example, they would
also take up trolling. Steven Drew had rigged the Pickup so that we could
troll four lines while traveling to and from the fishing grounds. Every time
out we caught small numbers of the prized King Mackerel, Scomberomorus
cavalla, and once we landed a yellowfin tuna, Thunnus albacares. With motor
boats, trolling is often too fuel-consuming to justify economically, but fast
trimarans, capable of sustained trolling speeds of 6-7 knots under sail
alone, open up a new pelagic fishery for Guyana. In any case a number of
the fishermen we worked with sensed the new potential inherent in fuel
independence.

The following table is my preliminary attempt to assess the
economic viability of a 1.5 ton Ocean Pickup built in Guyana and operated
in the gill net fishery. The catch value is based on the average price we were
paid for our fish but the figures do not include valuable pelagic species
caught while trolling.

An Ocean Pickup could net an owner/skipper close to $12,000 U.S.
a year. The present official exchange rate is $3 Guyana = $1 U.S. I suspect
the calculations might be conservative as they are based upon catch rates of
2001bs (90.7 kg) per day, and some of the better drift gill netters with com-
parable hold capacity catch an average of 3001bs (136 kg) per day.

It is possible to view sail power in the drift net fishery in another way,
namely by the fuel saved. Fuel savings alone would pay for an Ocean Pick-
up in the 10 fathom, 20 mile (30 klm) offshore fishery in as short a period as
two years. In the middle ground fishery in depths of 20 fathoms annual
fuel savings over a 55 hp outboard would be about $12,000 U.S. a year,
which be close to the price of a Guyana-built Ocean Pickup.

Under Steve Dewey’s direction we managed to experiment a bit with
our long long lining and shrimp and fish trawling gear, but there really was
not time to debug the gear and prove much about trawling from an Ocean
Pickup or long lining for sharks which is Steve’s specialty. We did get a
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chance to test the “Edith Muma” against one of Guyana’s biggest food loss
problems, namely, the destruction of fishes in the shrimp trawling industry.

Guyana obtains urgently needed foreign exchange by selling valu-
able shrimp to the American market. Most of the shrimping is done by U.S.
companies. Shrimping vessels usually catch fish as well. Fish form up to
eight percent of the total catch. Because shrimp processing is expensive,
the shrimpers cannot afford to take up time and space with less expensive
fish. The fish killed in the trawl are usually thrown overboard. This fish-
by-catch, as it is called, if it could be returned to shore, would be an impor-
tant local food source. All attempts to find cost effective ways of retrieving
the fish have failed, so far, although the government insists that the trawl-
ers keep a percentage of their fish catch and return it to Georgetown.

A year ago an international fishery consultant had suggested that
the Ocean Pickup might help solve the by-catch problem. We decided to
run an experiment and rendezvous with a trawler at sea, transfer the fish,
and return to the processing plant. The odds were long against a rendez-
vous taking place at all. We organized to meet with a number of vessels in-
cluding Captain Robb of the shrimper “Weremsha.” Without a radio direc-
tion finder, or a single side band radio to communicate with, it was a pig-
and-a-poke task to find a boat in that expanse of sea. My dead reckoning
put us in the predetermined area, and after several hours of circling we
made contact with the “Weremsha.” Our first attempt to rendezvous and
transfer in a rolling sea was slightly hair raising. As the shrimp trawl, filled
almost exclusively with fish, was hauled onto the shrimper, we doused sail
and motored slowly alongside. The motion of the troller was different to
ours, and the transfer procedure potentially dangerous until we had the
idea of tying up, not alongside the trawler, but to the bridle which hung
from the trawl doors at the end of the boom. Being tied this way freed us of
the hazard of being held right against a heavily rolling boat which dwarfed
the “Edith Muma.” Jonathan and Rob jumped aboard the trawler and
helped load and transfer eight boxes of fish. The whole task took us an
hour. Filled with good cheer, we set sail for Georgetown. The trip back was
a flying journey with the winds and tide in our favor. Four hours later we
were tied up at the fish processing plant on the Demerara River.

The 1.5 ton Ocean Pickup may be too small to be optimal as a by-
catch boat, and the “Edith Muma” lacks an insulated ice hold necessary
to ensure the return of high quality fish. Dick Newick has designed a big sis-
ter to the “Edith Muma” which can carry up to three tons of ice and fish in
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its insulated hold. The 3 ton Ocean Pickup, if it were to be used as a by-catch
boat, would have the communication and navigation gear for easy rendez-
vous at sea.

A sail-powered by-catch boat in Guyana would be cost effective if
the difference between the price of fish paid to the shrimp trawler captains
and the price received for the fish were at least seventeen cents a pound,
provided the vessel made one hundred trips a year. My calculations did not
take into account fish caught while trolling to and from shrimping
grounds.

The 3 ton Ocean Pickup could also be a very adaptable vessel. Like
the smaller boat, it could be employed as a multi-purpose fishing vessel
capable of drift gill netting, troling, trawling, and long lining. It would be
easy to build the Ocean Pickup in two sizes. They could be made from
panels that came off the same master mold.

Since the summer, various people from the Guyanese government,
international development agencies, and the private sector have begun to
assemble the infrastructure to build a fleet. Ocean Arks International
would provide design and training assistance. Robert Williams, the exec-
utive director of Guyana Fisheries Limited, told the press he would like
to see the project build at least two hundred vessels. The wheels of govern-
ment anywhere usually move slowly, and Guyana is no exception. It is my
hope that within a year or two the fisheries of the region will begin to
change and that the Ocean Pickup will be a common sight on Guyana’s fer-
tile seas.

As we go to press, Dick Newick and I are shortly to sail the “Edith
Muma” to Trinidad and Tobago and then along the Spanish main to Costa
Rica. There we will join Bill McLarney and his NAISA colleagues on the
Talamanca coast. They have already planted groves of potential boat-wood
trees, Albizia, Sesbania, Eucalyptus, and Melina. The Melina has grown
to boat-wood size in less than three years. Preliminary tests indicate it to be
compatible with our construction technologies.

Some of the fishermen there are looking forward to the Ocean Pick-
up trials. Many of them along the Atlantic coast can no longer afford to
operate their outboard-powered vessels as inflation and fuel scarcities have
eroded their economic base. Our overall plan, in collaborating with Bill
McLarney and NAISA, is to create an integrated scheme to assist both
farmers and fishermen of the region. The overall project involves fisherv
research, boat building, reforestation, and agricultural diversification.
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NAISA has been working on the food issue for ten years in the region.
Within the ecological framework of our work there, the Ocean Pickup will
be one component, which we hope will diversity the local resource base.
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In the quiet New England town of Falmouth, Massachusetts,
the twenty-first century is already coming into view. There, at
the New Alchemy Institute, co-founders Nancy Jack Todd and John
Todd have found in the patterns of 1life on the earth the designs
for a sustainable, abundant, and human-oriented future. This
modern alchemy -- the best kind of applied science ——”conjures
ideas for the future, some seemingly fantastic and others

beautifully simple.

BIOSHELTERS, OCEAN ARKS, CITY FARMING, published in June

by Sierra Club Books ($10.95 paperback, $25.00 cloth), chronicles
the pioneering work of the New Alchemy Institute, where proto-

types are developed and tested for global application. From

the Venice Project, which envisions Manhattan as a lush island
criss-crossed with canals and hydroponic gardens, to the design

of a sail-powered ocean-going '"pick-up ship," the wide-ranging
projects at New Alchemy are exciting evidence that the future really

works.

The following are vignettes of both working models and



THE OCEAN ARK

A new kind of low-cost seafaring vessel which can be built
mostly from locally grown materials fulfills a Third World
need for versatile craft that do not run on fossil fuels. This
"ocean pick-up ship" is the marine counterpart of the durable,
hard-working pick-up truck. Innovative construction techniques
~include using strips of wood molded into interchangeable forms
for assembly and a "backyard technology" for a watertight hull.
These construction teéhniques are particularly well-suited for
building trimarans, or three-hulled vessels, which take advantage

of the most efficient aero- and hydro-dynamic principles.

The first ocean pick-up, the Edith Muma, was christened

in 1982 at Martha's Vineyard, Massachusetts. The boat's
remarkable ability to successfully compete with traditional
fishing boats is an‘encouraging example of what is possible by
marrying advanced design and construction techniques with

sensitivity to local resources and coastal ecology.

SIDEWALK AQUACULTURE

The sidewalks of New York -- and cities around the world
-- may some day be the habitat of trout, catfish, and carp.
Solar fish tanks, constructed out of clear plastic tubes and
aerated by solar-powered motors, could provide every family on
the block with a fresh catch of the day. In an urban environment,
organic wastes, including garbage, could easily be made into
convenient pellets for feeding the fish, while earthworms from
local compost heaps (a by-product of city farming) could provide
a supplement. Placed in windowspaces, the tanks could serve as

ailr conditioners, tending (as water does) to act as a stabilizer

of room temperature indoors.



CITY FARMING

Urban agriculture will take many forms in the city of
the future. Among the more intriguing schemes for turning urban
centers into food producers is the Warehouse Farm, which would
transform abandoned industrial buildings into multi-tiered
farmsteads. Mushrooms would be grown in the basement, chickens
and fish on the second floor, and hydroponic peas, tomatoes,
and cucumbers just below leafy vegetables. Solar powered and
almost completely self-sufficient, this urban truck farm
eliminates the need for trucks -- since its fresh produce is

grown for ready distribution in the city.

SUSTAINABLE AGRICULTURE

Field agriculture must be freed from its current dependence
"on non-renewable fossil fuel products (such as fertilizers and
pesticides), emphasize Nancy and John Todd. Agricultural
activities such as poultry-raising and aquaculture can be
integrated with small plot farming techniques and scientific
composting to create productivity surpassing that of even the
most highly mechanized petro-dependent farms. The incorporation
of tree crops with small plotfarming has additional benefits:
it protects the soil from the rapid erosion now characteristic
of cultivated land while guarding against the diseases and pests
now encouraged by vast fields of single crops.

THE VENICE PROJECT

The Venice Project would replace every fifth inner-city

block with a block-long pool for swimming and bathing. The

water in such poolse wolulld connect t0o csolar cewace walle whseh



(a technique now used successfully by NASA). The incorporation

of water in the design of the inner city -- in pools, in solar
powered fountains, flowing through purifying greenhouses and

watering rich soils in rooftop gardens -- would transform the
bleak concrete jungle of today into the lush garden-cities of

the twenty-first century.
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FROM THE FOUNDERS OF THE NEW ALCHEMY
INSTITUTE, A PROGRESSIVE LABORATORY
FOR HUMAN-ORIENTED DESIGN

“I think it is an extraordinary job they've done (at New Alchemy). It is going
to have historical importance.” R. BUCKMINSTER FULLER

Bioshelters, Ocean Arks, City Farming is a strikingly original ap-
proach to ecological design, based on more than a decade’s pioneering
research at the New Alchemy Institute on Cape Cod, Massachusetts.
Nancy Jack Todd and John Todd, the founders of New Alchemy, de-
scribe a spectrum of innovative experiments integrating small, self-
adapting systems with 21st-century biotechnologies to create a blueprint
for a sustainable future.

In developing renewable energy and systems based on natural cycles
in agriculture, aquaculture, fuel resources, and general design, the New
Alchemists extend the work of such pioneers as R. Buckminster Fuller
and Gregory Bateson. Here are thought-provoking descriptions of in-
dividual projects as well as whole experimental environments spanning
the globe—from the interiors of buildings to whole islands and deserts —
which integrate fish, insects, birds, and plants, as well as sun, wind
and the by-products of the interaction of these elements. Seminal con-
cepts propose a new world of possibilities:
* Emerging precepts of biological design
* Bioshelters which merge biology and architecture to provide an
optimal environment for all life forms, from plants to humans
* A one-and-a-half-ton sailing “pick-up ship” to be used by third
world fishermen to break away from the global petroleum economy
* A re-design of the inner city of Manhattan using development
plans that follow the laws of ecological succession
* Experiments in hydroponic gardens combined with fish farms which
dramatically out-produce outdoor vegetable beds

“These bioshelters of the New Alchemy Institute consist of highly complex
artificial ecosystems which are carefully monitored and self-supporting. They
appear to me as arches linking the creative forces of nature with the control
made posstble by sophisticated technology.” RENE DUBOS

NANCY JACK TODD and JOHN TODD are authors of Tomorrow
is Our Permanent Address, and co-founders of the New Alchemy
Institute and Ocean Arks International, which prepares technological
equipment for land restoration. In 1980 they received the Threshold
Award, which honors significant contributions to human knowledge,
particularly in areas linking scientific, aesthetic, and religious ideas. The
Todds live on Cape Cod with their three children.
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