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Who Are the New Alchemists?

« . asmall band who work together,
bound by a vision of a sustainable future
—a kind of New Age Tool and Die
Company that can help to create the
software or biotechnic technology to
realize that vision.”

Now celebrating its tenth year, the
New Alchemy Institute is a small in-
ternational organization dedicated to
research and education on behalf of
humanity and the planet. “Our major
task,” they say, ‘is the development of
ecologically derived forms of energy,
agriculture, aquaculture, housing, and
landscapes that will encourage a repopu-
lation and revitalization of the country-
side. The Institute has projects in several
countries in the hope that our research
and experience can be used by large
numbers of people in diverse regions of
the world.”

In this first trade-book edition of
their annual JOURNAL, the New Al-
chemists provide an overview of how
their Institute came about, the people
who have become actively involved or
contributed to its development, the early
experiments and their failure or success,
their hopes for the future—the future of
the Institute and of the world.

How Did They Get Started?

The Organization began when a few con-
cerned people, disheartened by evidence
on all sides of an endangered ecosystem,
began to ask whether it is, in fact, pos-
sible to sustain human populations in
ecologically viable ways rather than with
the capital-intensive, exploitative, waste-
ful, and polluting methods presently em-
ployed. And if so, how? Increasingly, it
appears that it is indeed possible.

In 1975 the New Alchemists teamed
up with solar architects David Bergmark
and Ole Hammarlund to build the pro-
totype of the bioshelters that were
christened “Arks” . .. family-sized solar-
heated greenhouses with aquaculture
tanks. In 1976 two arks were built; one
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on Prince Edward Island with funds from
the Camadian government, and one on
Cape Cod. The Cape Cod Ark has
weathered every winter siace without
auxiliary heat and has produced satisfying
yields of food and seedlings. Yields from
both gardens and solar-algae ponds were
exciting. Earlier issues of the JOURNAL
recount the simultaneous evolution of
the New Alchemy Center in Costa Rica,
and are worth tracking down.

What Are Those People Doing Out There?

In THE JOURNAL OF THE NEW AL-
CHEMISTS No. 6, experts who have
been working at the Arks report on their
research, experiments, and conclusions
to date. Under the subject of Energy,
youw’ll find a primer on a water-pumping
windmill, and reports on an integrated
wind-powered system to pump, store,
and deliver heat and cold. Under Land
and Its Use you’ll read of further ex-
periments on the effects of mulches on
crop yields and soil conditions; about
tree crops that create the foundation of
a permanent agriculture; reports on New
Alchemy tree crop research. Under Aqua-
culture youw’ll learn where all the fishes
have gone; about cage culture as explored
by Bill McLarney and dJeffrey Parkin;
what’s new and hopeful about solar
aquaculture; a summary of fish culture
techniques in solar-algae ponds and the
energetics involved.

The staff of New Alchemy and Sol-
search Architects detail their experiences
of the first three years aboard the Cape
Cod Ark, and an exploratory section pre-
sents a biological perspective of sensitive
societies, the economics of renewable-
resource-based technologies, and some
personal reflections of some of the New
Alchemists.

Looking back on ten years of effort,
Nancy Jack Todd concludes, ‘“the results
of our research, especially when com-
pared in scale with the funding and
personnel that go into more orthodox
paths, indicate strongly that a sustainable
future based on an earth-kindly ethic
and nonviolent technology is within the
limits of the possible, indeed, well within
our grasp.”

When you've read THE JOURNAL
OF THE NEW ALCHEMISTS No. 6,
you’ll know why.
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Tue New ALcHeEmy InsTiTuTE 1s 2 small, international
organization dedicated to research and education on
behalf of humanity and the planer. We seek solutions
that can be adopted by individuals or small groups
who are trying to create a greener, kinder world. Our
major task is the development of ecologically derived
forms of energy, agriculture, aquaculture, housing,
and landscapes that will encourage a repopulation and
revitalization of the countryside. The Institute has
centers in several countries in the hope that our re-
search and experience can be used by large numbers of
people in diverse regions of the world.

The Institute is nonprofit and tax-exempt and de-
rives its support from private contributions and re-
search grants. Grants for the scientific research are
usually available, but adequate funding for general
support remains uncertain. The success of the Institure
will depend upon our ability to address ourselves to
the genuine needs of people working on behalf of
themselves and the earth, and on the realization by our
friends that financial support of our research is essential
if the task ahead is to be realized.

The New Alchemy Institute has an Associate
Membership ($25.00 per annum, tax-deductible)
which is available to those interested in helping sup-
port our work. Upon joining, Associates receive the
current annual Journal of the New Alchemists. News-
letters and other special interest mailings sent through-
out the year keep Associates further informed of the
work in progress. Over the years, the support of our
Associates has been critical to the continuance of the
Institute and its work.
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On the island of Bali in Indonesia, in July of 1977, the
Pacific Science Congress convened a conference on
the subject of appropriate technology. As part of the
dialectic inevitable to such occasions, both official
addresses and private conversations were involved as
much in debate over the failure of the Western, indus-
trial, technological paradigm as they were with the
appropriateness of alternative approaches. One day at
lunch the talk turned to speculation as to why we, as
the apparently rational products of modern civilization,
had such difficulty in moderating or envisioning limits
to our ever more powerful technologies, both peaceful
and military. Why do we seem bent on consuming and
expanding far beyond need, reason, efficiency or even
survival? It was at about such a turn in the collective
train of thought that Margaret Mead, who was on the
American delegation, fired one of her unforgetiable
broadsides. “Well, you know,” she pointed oul, as
though all of us did, “there’sno‘no’inthe unconscious.”

Like so much that is obvious, it was so insightfully
simple, self-evident even. But | think that many of us,
although we accept the idea theoretically, have failed
to incorporate it into our understanding of human
behavior. Fundamentally, we are still insatiably curious,
exploratory creatures. This is borne out by the most
ordinary observation. One need only witness the
outrage of a two-year-old at any limitations placed on
her or his compulsive investigations of the world. An

outburst of fury is most frequently followed by an
adamant “no’” hurled as a defiant tool of self-definition

against the adult's world. Perhaps as a culture we are
still caught in the dilemma of the terrible two. Our earlier
concept of manifest destiny and its present extension
in technological development, the arms race, or the
recent, almost religious enthusiasm for space colonies
certainly bear out Dr. Mead’s statement. As so many of
our myths from Pandora to Eve have taughi, in the
depths of our being, there is no ‘no’. Limits must be
imposed. They are learned.

Perhaps it is not so bad to be, at heart, an affirmative
rather than a negative creature, but the agonizing
paradox in which we currently find ourselves lies in the
probability that, without integrating a sense of limitation
into our understanding and into our behavior, it is
unlikely that we shall survive. It may be that it is the
extremity of the exigency of our dark predicament that
will ignite our conciousness, and, sparking some long
inactive synapse, foster a realization of mutual destiny
with each other and with the earth, and that this, in turn,
will serve to moderate our behavior. There is, in the
nature of all of us, a side that is concerned with
nurturing, conserving and preserving. It is most often
described as the immanenial, feminine principle
defined in contrast to the outreaching, transcendent,
masculine principle. The yin yang is the best visual
image of creative tension and balance between two
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such opposing realities. It is this equilibrium between
endless questing and what William Irwin Thompson
has called the “interiorization of consciousness” thatis
to be hopedforon anindividualand onaplanetary leve!
synergistically.

There is an old adage that one can’t change human
nature; but perhaps it's not an absolute, although for a
century that began with the hubris of the Titanic. our
slowness to seize on its implications seems to cor-
roborate it. Yet, at this juncture, wherever one lives and
whatever one's culture, it is becoming increasingly
impossible to continue, ostrich-like, to pursue the path
of expanding industrialism and development, for the
evidence of its barrenness and folly is everywhere. If
before the near melt-down at Three Mile Isiand the
dangers of nuclear power were understood by
comparalively few, the shock waves resulting from the
accident there may well create a turning point for ihe
nuclear industry. And if we are forced to abandon
nuclear power, we abandon with it forever the idea of a
society - structured on cheap, accessible fuel even
though, for the interim, that is the one in which we goon
living.

Although the analogy of nuclear energy is perhaps
the most obvious one because it is so endlessly
unforgiving, the countless other incidents of pollution of
the soil, air and waters have become sufficiently wide-
spread as io be no longer an abstraction. but a dis-
cernible reality in the lives of a great many people. For
urban dwellers this is a truism, but rural and even tribal
peoples are suffering as well. People whose area has
been strip-mined or used as a deposit for industrial
wasltes or those living near plants like Four Corners
have hardly less dramatic experiences than the inhab-
itanis of Nevada who lived near the aiomic lesting sites
of the fifties. Native Americans who have fled our world
and chosen to return to their ancestral ways cannot do
S0 because so much of the wild life ihat they relied on
{0 sustain them is gone. Abroad, representatives of
developing countries are beginning to look accusingly
at us because our missions of development have most
often served to exacerbate their problems. The
masses of uprcoted people crowding into cities can
never hope to drive cars and yet must continue to
breathe the worsening smog.

Yet it may be that our greatest hope now lies in this
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crescendo of evidence of our failure. Cybernsticists
talk of feedback, of information that has a flow and is
circular, whereas we have been accustomed to think in
a linear mode of cause and effect. Unquestionably a
model consisting of multiple feedback loops is a more
accurate and useful way of trying to understand the
world. We receive daily an extraordinary range of infor-
mation through the experience of our own senses as
well as that which most of us receive through the
media. Such feedback may be the best means we
have for awakening large numbers of people. If the
ability to say no to a culture predicated on carcino-
genic growth does not lie innate within us, surely, like
two-year-olds, we are capable of eventually learning
and incorporating it into our actions. If we are exploring
creatures, it is because that kind of behavior, for millen-
nia, had survival value. It was most often successiul.
Now the news begins to come in irrefutably from every
side that this is no longer so. This is what we shall have
to learn and to internalize.

Just a few months before her death, | heard Dr. Mead
speak again. She was addressing thousands of people
and the subject of her talk was the future. As ever, she
brought to it her own fierce commitment to the hope of
continuation of the human family. One story she told
was based on Fraser Darling’s studies of the Red Deer
in Scotland. According to his observations, in times of
stress, like drought or famine, it was the habit of the
herd to turn to its oldest females because in them lay
the composite memory and wisdom of the herd.
Usually they could remember back to a time of
comparable need and lead the herd to a watering hole

or an outcropping of lichen that would otherwise not
have been known. And so the herd would survive.

With Dr. Mead's death we have lost one of the wisest
among us. Stephanie Mills once said that she was one
of the angels who walked among us for a while. Yet still
we have a few equivalents of the oldest of the Red Deer
that could guide us through the cultural readjustment
that the post-industrial period is likely to bring. They
may be as widespread as the cultures of indigenous
peoples who still live in mutual reciprocity with their
environment, in the reawakening religious respect for
all sentient beings, or in the Gaia hypothesis that has
emerged from the most advanced biological research
which envisions the earth and biosphere as a giant
living pulsating cell. They may lie in the mind in the
waters of the whales and the dolphins if we could learn
to understand them.

From our own work at New Alchemy and from that of
many other like-minded groups, we know that
ecological analogues to present industrial methods of
sustaining human populations are both possible and
viable. There remains for us only to internalize the
essential limitations that are becoming so evident as to
be foolhardy to deny. E. E. Cummings put it poetically,
if paradoxically, when he said:

out of the lie of no
rises a truth of yes
(only herself and who
illimnitably is)

To learn to say no in order truly to say yes.
NJT
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It has been recenily pointed out to me by one of our
readers of long standing (Malcolm Wells) that he had
never realized that the Journal is written, not by so-
licited contributors, but by New Alchemists them-
selves. It's true, of course, that occasionally friends
like William Irwin Thompson, Evelyn Ames, Richard
Falk, and, in this issue, Francisco Varela, have given
us articles that we have included, but these are ex-
ceptions. Whatever its virtues and failings as a publi-
cation, the Journal is a work out of process. The same
people who carry out the projects and do the re-
search spend the fall or early winter describing and
evaluating them for the next year's Journal. The same
holds true for the graphics and the artwork. Although
friends like Molly Bang, Alan Pearlman, and Fritz Goro
have given us drawings and photographs that have
cost them considerable effort and added immeasur-
ably to the aesthetics, most of the artwork is still done
by ourselves. Jeff Parkin and Jorge Bueno did the
graphics for this issue. Hilde Maingay and more
recently Ron Zweig have always been the principal
photographers. And guest and New Alchemist alike
work gratis. No one has ever been paid for a Journal
contribution per se, simply because there was no
money available to do so, although as New Alche-
mists it could be claimed to be part of the work to be
expected for our salaries. The Journal springs di-
rectly from our experience and a conviction that our
work is meaningless if it takes place in a vacuum.
Also we feel there is a need for a nonspecialist
publication that presents a panoply of ecologically
related activities excluding neither precise scientific
data, practical hands-on information, nor human in-
teraction.

This section, entitled New Alchemy, was created to
try to avoid any kind of cultism or mystique develop-
ing around the group, although, as the article by
Nancy Wright later in this section indicates, some of
that seemns inevitable. We wanted to give our readers
a sense of who was behind the papers and reporis,
what the farm looked and felt like, and what the
day-to-day work entailed. For this issue, anticipating
new readers through our affiliation with The Stephen
Greene Press, | have written a short history of New
Alchemy, and in this year of nuclear alarm, tried to fit
our work into the larger context of antinuclear activity.
Nancy Wright, who was a volunteer in 1978, has sent
us a summary of her thoughts on being an apprentice
at New Alchemy. Its inclusion seemed appropriate to
an issue with an underlying theme of the struggle both
to learn and to unlearn in some very basic ways.
Traditionally, this section also includes a report from
Bill McLarney on NAISA, the New Alchemy center in
Costa Rica. This year we again include a machete-
wielding, mud-slinging recitation of Bill's adventures
there.

Finally, in a slot that is usually taken advantage of
by Bill and this time Christina, there is a space de-
voted to book reviews in which we try to draw atten-
tion to books we think important that people might not
otherwise encounter.

As is becoming evident, the section is essentially a
literary grab bag giving us a chance to say, as Christo-
pher Robin did in the introduction to the World of
Christopher Robin, “Thank you . . . for asking us into
your house. We've come.”

NJT
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New Alchemy: Creation Myth and Ongoing Saga

Nancy Jack Todd

There scems, these days, to be some controversy re-
garding the exact uming of both the beginning and the
end of human life. How much more difficult it is, then,
to pin down withany assurance the moment of birth of
the collective life of a group such as New Alchemy.
Was 1t when the original 1dea or ideas were first grop-
ingly articulated, or when the 1dea was given a name?
The date of legal incorporation as a nonprofir insti-
tute was certainly a visible and identifiable moment,
but sull there was lile in the way of a physical
reality then that one could point to and say that it was
New Alchemy. We had to wait until 1971 for that
actualization, nearly three years after what seemed the
inception to those of us who had been a part of it for
that long. Yet because with this issue of the Journal we
begin a joint publishing venture with The Stephen
Greene Press, and because like the Montague Farm
Collective and the Whole FEarth people, two other
hangers-on from the sixties that have survived in the

same incarnation, we are marking the tenth year of our
existence, a retrospective of our evolution seems a
fitting part of this Journal.

In 1969, John Todd, Bill McLarney and [ were
living 1n San Diego in California. Bill and John were
teaching and doing research at San Diego State. One of
their experiments involved the observation of the
effects of pollutants on fish behavior, in particular, that
of DDT on the brown bullhead, Ictalurus nebulosis.
Their findings were disturbing. Minute amounts of
DDT did not kill the fish outright, but jammed their
social communications, disrupting established behav-
tor patterns. What this meant essentially was that
evolved survival patterns broke down and the group
of fish were doomed to slow social disintegration,
chaos, and death. Data like these were not only
informative, they proffered a splendidly allegorical
interpretation of the prognosis for ecological decay as
well. Many other like-minded biologists at that time
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were reporting comparable observations on the threat
posed by industrial society to a wide range of species
of animal and plant life and to their life support
systems.

We began to hold seminars in our living room at
which students or invited speakers presented papers on
one or another aspect of the overall problem. Often
people would stay afterwards, sometimes it was just
John and Bill and I, and we would talk on into the
night. I guess this could be called our coffee-house
stage, although it was usually beer that we were drink-
ing. Usually the ramblings of the conversation would
eventually turn to what, if anything, could be done?
What, if anything, could we do?

That same year we had another set of experiences of
the kind that is usually called formative when John
and Bill decided to take their biology classes on a series
of field trips. These consisted of excursions into the
dry hills of the border country just east of San Diego.
We wentthere because we could prowlabout freely on
a ranch that had been rented by friends who hoped
that, as a result of our forays, we might beable to teach
them how they might be able to support themselves on
the land without destroying it.

Their and our blythe expectations were quickly
dimmed. The rambling, lovely hills stretched under
vast reaches of bright sky were composed of hard, dry,
sandy soil that gave rise largely to manzanita bushes,
boulders, and the occasional live oak. We could find
no source of water. Discouragement set in until John
decreed that we simply did not know enough, that we
could not, as he said, read the landscape. And so the
second phase of the project began. We initiated a more
intense study with every student undertaking to ex-
amine some part of the environment in detail. Soil and
soil animals, insects, plants, shrubs, rocks, trees, and
birds were collected, studied and catalogued. Very
slowly, some patterns began to emerge. Midway up a
small gorge we found a plant, the roots of which were
known to need moisture, indicating the presence of a
hidden spring. Below, where the gorge began to flat-
ten out, there was a live-oak tree that grew in the midst
ofanassociation of plants that included miner’s lettuce,
which we knew to require good soil. Having stumbled
at last on water and tillable soil, agriculture became a
possibility. And if fish ponds were to be made to link
the two, an agricultural ecosystem was within reach.

The story has an abrupt but pointed conclusion. As
excitement began to stir over these newly discovered
possibilities, the landlady arrived and, in a variation on
one of the classic themes of melodrama, announced to
our gentle, long-haired friends that she was raising the
rent. The increase was more than they could afford
and so they were forced off the land. Even before they
departed, the bulldozers had appeared on the crest of
the hill to begin leveling for yet another colony of
California weekend cottages.

L T T

Before a creation myth becomes too firmly estab-
lished, 1t should be mentioned that our beginnings
were not all idealism. John has been a frustrated farmer
since his childhood. Bill has been described, accurately
[ think, as a fish maniac. There 1s little that could have
kept them from working with the land and with fish,
sooner or later. And I was an unemployed peacenik,
disheartened by the election of Nixon and fecling
dread at the promise that the future seemed to hold for
my children. For all children.

The accumulated experiences of the field trips and
the late-night discussions slowly formulated them-
selves into a question which, in retrospect was, and is,
the underlving paradigm of New Alchemy. We began
to ask whether it was, in fact, possible to sustain human
populations in ecologically viable ways rather than
with the capital-intensive, exploitative, wasteful and
polluting methods we now employ. And if so, how?
At that ume, 1t was an open-ended question for us.

[ have my own highly subjective sense of when it
was throughout this period that New Alchemy actu-
ally began. On a Friday evening that was the twelfth
of September, 1969, I sat reading an article in Ramparts
by Paul Ehrlich entitled “Ecocartastrophe.” It was an
imaginative account of the death of the oceans through
pollution. The cover of the magazine graphically rein-
forced the story with a tombstone that was engraved
with the lifespan of the seas. I finished the article,
lowered the magazine and gasped, ‘‘John, we must do
something.” With that, [ felt a familiar twinge, and the
preliminary labor contractions that heralded the birth
of our third child, Susannah, began. I was momentar-
ily distracted from my other mission, but since then [
have come to think of it as something of a twin birth.
Susannah was ten on the thirteenth of September, and
in roughly the same period, it can be approximated
that New Alchemy is ten as well.

Our infancy was still largely made up of talk, study-
ing, planning and the early stages of the paper phase.
We became incorporated, as a nonprofit Institute, and
were beginning to formulate concrete ideas for proj-
ects. Then in the summer of 1970, John and I and the
children, and later Bill, crossed the country and re-
settled on Cape Cod. John and Bill began research at
the Woods Hole Oceanographic Institution, and Bill
began the monumental task of writing the text Aqua-
culture, which has since become the definitive work
on that subject in English.

For the next year we were still mainly a paper
reality, which anyone who has ever been with an
organization from its inception will readily under-
stand. Letters flew back and forth, supportive, helpful,
some even containing small financial contributions.
We began to cast about for serious funding and to feel
increasingly the need for a land base. John wrote 4
Modest Proposal, which was published as the first New
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Alchemy Newsletter and was unexpectedly well re-
ceived and widely read. This made our empire of
papers cven larger and we rented a small office in order
to contain them. We were joined for a vear by Annie
Hinds who hclpcd to reign over the ever-expanding
flow and with her drawings sct the formar for New
Alchemy publications. With friends from Cambridge,
Multi Facer and Marsha Zillis, we builta small dome in
the front yard of our house. We installed a children’s
swimming pool for the fish and planted the edges with
vegetables. It was our first bioshelrer.

That winter, Bob Angevine, one, if not the major,
secret to our survival where so many other well-
meaning nstitutions have failed, took over much of
the financial administration. Earlier in the year we had
gotten wind of an old dairy farm in Hacchville that
might be available for rent. We approached the land-
lord, Bob Gunning. Negotiations went smoothly, we
signed a lease and by May had moved onto the land.

The move was at once a culmination and a chal-
lenge. Having acquired a land base at last meant that
the time had come to test our rhetoric. To transpose

the theoretical into the tangible, to materialize an idea,
1s not necessarily easy. Until then, we had been trying
to equilibrate what Stewart Brand called our talk/do
ratio with backyard gardens and fish tanks in various
people’s basements. Bill McLarney created an amazing
watery underground labyrinth for his fish one winter,
but overall our efforts fell short of what we considered
productve research. What we did with our move out
to the farm and the chance to concretize our work was
to structure our initial paradigm into three areas of
basic human needs: those of food, energy, and shelter.
The work with food branched into projects involving
organic agriculture and aquaculture. Our energy re-
search was involved with various ways of harnessing
the renewable sources of the sun and the wind. The
concerns for food and energy came together syner-
gistically, almost of themselves, in the evolution of the
form of shelter that is called the bioshelter, which is a
solar-heated greenhouse that includes an aquaculture
unit, and, in one case, provides living quarters for four
people.

That summer of concrete beginnings, Hilde Main-
gay took charge of the gardens, and two young men,
Earle Barnhart and Marcus Sherman, arrived in short
succession of each other to become our windmill buffs.
Later char fall, as we faced the cameras for the first time
fora B.B.C. film crew, Earle and Marcus provided us
with a memorably heroicimage. They had been work-
ing for some months on constructing an electricity-
generating windmill, and had spent countless hours
high on the tower being buffeted by autumn winds,
and feeling, as Marcus said, like Jonathan Livingston
Seagull. The windmill, however, had yet to turn. The
day of the filming had dawned gray and raw. Un-
daunted, they climbed the tower. Then, over the morn-
ing, with so providential a touch that it would be
suspect 1 Hollvwood, the sky cleared to an uncom-
promising blue and the sun streamed down. As the
cameras whirred, with Earle and Marcus high and
windblown on the tower, the windmill blades began to
turn for the first time. Although much of our work is
fairly repetitive and mundane, it does have occasional
bursts of glory like this one. More often than not they
are associated with the windmills which borrow from
satling ships a romantic quality of freedom. Since then,
Marcus has gone on to found his own windmill com-
pany. Farle is sull with us, but is now working on
researching and developing permanent agricultural
forests. He and Hilde were married on the fall equinox
in 1977. It should be added that any accounting of our
first year on the farm would not be complete without
remembering that Rich and Yedida Merrill came from
California to lend us their agricultural expertise and
an enormous Injection of energy and commitment.

Forastep-by-stepaccount of our progress from that
summer until the present, contingencies of space dic-
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tate that interested readers will have to refer to the first
through the fifth Journals, while I confine myself here
to landmark occasions and the entrances and occa-
sional exits of the central cast of characters that make
up the group.

The year 1973 was a year of digging in, getting the
gardens and the fish off to a prompt start in the spring,
and then seeing the work through to the completion of
a full season. We were still very young asa group,and
even the most ordinary event seemed something of an
adventure. In September, we published the first Jour-
nal, which was illustrated by Camas Lortr, who con-
tinued to do the covers for several years and established
much of the visual style of the Journal. John and Bill
decided that trying to carry what had become two
full-ume jobs was impossible and that financial secu-
rity would always be elusive at best and so left the
Oceanographic Institution to devote themselves exclu-
sively to New Alchemy. That fall also saw the publica-
tion of Aquaculture which Bill McLarney wrote with
John Bardach, now of the East West Institute, and

John Ryther of W.H.O.L. Bill spent over three years
on the text which was nominated for the National
Book Award in 1974.The following spring saw the
arrival of Susan Ervin and Tyrone Cashman; Susan to
stay and devote herself to the gardens and Ty to
become a windmill builder, then move on to join the
staff of Governor Brown of California, and, more
recently, to become the president of the American
Wind Fnergy Association. That summer, as the num-
bers of visitors swelled, Farm Sarurdays, which had
begun as a day of shared work and a convivial picnic,
evolved to include a tour of the farm and extended
explanation or talk on the work of the Institute. The
fall brought greater harvests from both the gardens
and the fish ponds, helping our feeling of confidence
in our collective sense of self and in our 1deas as well.

The following winter, Bob Angevine was forced to
announce that the amount of administration that the
group was generating, both from within and without,
was more than could be endured, and Christina Raw-
ley arrived to help him. She has since taken over the
membership program and the editing of the member-
ship newsletter. Tanis Lane and Denise Backus have
since joined us and work on various aspects of the
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administration. Recently, Conn Nugent spent a year
with us as co-director and fund-raiser, but found try-
ing to raise money for a group such as ours, which
deties orthodox categorization, so disheartening that
he decided not to stay.

In the summer of 1975, with promise of support
from the Canadian government in the offing, we
teamed up with the redoubtable pair of David Berg-
mark and Ole Hammarlund who together form one of
the most mnovative and, by now, experienced solar
architecture firms around. With the possibility of
greater things on the horizon, they built, at New
Alchemy, a small prototype of the bioshelters that we
were to christen Arks, in the form of a family-sized,
solar-heated greenhouse with a concrete aquaculture
pond. Earle named it accurately, if not poetically, the
Six-Pack, and so it has remained. Under Hilde’s care, it
has weathered every winter since without auxiliary
heat and has produced satisfying vields of food and of
seedlings. It was later that summer that Ron Zweig
started to work with us and to quickly become pivortal
to the aquaculture program,and Kathi Ryanarrived to
add her gentle presence to the benefit of plants and
people alike.

The year 1976 was a landmark year. Both of the
Arks, the one of the farm on the Cape and the other,
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funded by the Canadian federal government, on
Prince Edward Island, were completed. Both were
opened with due ceremony that involved feasting,
music, dancing and crowds of friends. Former Prime
Minister Trudeau and then Premier Alex Campbell of




Prince Edward Island arrived by helicopter to launch
the Canadian Ark.

Later that same fall, the size of the yields from both
the garden and the solar-algae ponds were as exciting
as the more highly publicized openings. In her experi-
ments with intensive vegetable cultivation in raised
beds, Hilde found that she could grow enough food on
one-tenth of an acre to provide thirteen people with
three servings of vegetables a day throughout a year.
Working with the solar-algae ponds, which are trans-
lucent, cylindrical, above-ground fish tanks, Ron
found that he could atrain fish yields greater than those
of any other known standing body of water when the
data were extrapolated to pounds per hectare, which is
the standard international unit of measurement. By the
end of the following winter, when both Arks had
acquitted themselves with flying colors, we began to
feel cautiously optimistic as to the answer to our origi-
nal question of ecological alternatives. It seemed that
the results of our research, especially when compared
in scale with the funding and personnel that go into
more orthodox paths, indicated strongly that a sus-
tainable future based on an earth-kindly ethicand non-
violent technology is within the limits of the possible,
indeed, well within our grasp. We are all the more
convinced today.

It was at this juncture that we were able to interest
the U.S. government in our work and received a grant
from the National Science Foundation to monitor var-
ious conditions in the Cape Cod Ark, such as hours of
sunlight, relative humidity, and the pH of the ponds.
The goal, one that is now being achieved, 1s to createa
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mathematical model of the processes that take place
within a semi-closed ecosystem such as this one 1n
order that the processes be better understood and that
any malfunctioning can be spotted quickly. With such
a model, replications of the Ark can be created more
readily, although we are equally committed to devel-
oping guidelines based on sensory signals that will be
just as instructive for those who eschew the mnclusion
of a computer in their vision of a bioshelrer.

Apart from funding in Canada for the Ark on Prince
Edward Island, the National Science Foundation grant
remains the only government money that we had re-
ceived. Projects have since been funded by the De-
partment of Energy and the Environmental Protec-
tion Agency. Otherwise support has almost always
come through the efforts of private individuals repre-
senting foundations, many of whom, like Michacla
Walsh, Robert Rodale, Stewart Brand, Edith and John
Muma, and Frank Dobyns have long-been friends and
fellow travelers. Our members contribute substan-
tially to our continued existence, and, in fact, have
more than once carried us through periods of pro-
longed financial drought with their annual subscrip-
tions and supplemental donations.

Over the years we have evolved a nonhierarchical
structure that 1s largely self-governing and makes
major decisions in a weekly meeting where all general
business is discussed. Although most people have
started as volunteers and worked for several months
without payment, all permanent members receive
equal salaries, regardless of type of work or number of
degrees.
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Accompanying the computer into our lives came Al
Doolittle and subsequently John Wolfe. Later Joe
Seale, who 15 also conversant with computers, brought
his engineering and analytical ability to the aid of our
windmills and to our general repertoire of technologi-
cal skills. With the most recent arrivals we are begin-
ning to feel that we are approaching our limits to
growth in terms of the size of the group. Colleen
Armstrong 1s working with Kathi in the Ark. Later
this year, J. Baldwin, one of the pioneers of alternative
technology, will arrive with Kathl Whitacre who is 2
graduate in soil science and will work with our agri-
culture people. And all the while volunteers and ap-
prentices come and go, some to remain an ongoing
part of our extended family. Gary Hirshberg and
Robert Sardinsky were volunteers that have been with
us for so long that they became permanent part of us.
Both of them have been vital to New Alchemy’s politi-
cal and educational outreach.

Over all the years of this rambling tale, I must ask
our readers to envision, in flashback fashion, the simul-
taneous evolution of the New Alchemy Center in
Costa Rica. Beginning as no more than the dream of
one sunburned gringo in ragged tennis shoes who was
quite simply in love with the Gandoca area, and as a
result of Bill McLarney’s dogged persistence and
Susan Ervin’s and later Kathi Ryan’s support, it has
become a small center for agricultural and aquacultural
research that is dedicated to and an inseparable part of
the local community there. Bill’s writing on his adven-
tures in Costa Rica and his thinking on development in
Latin America are well worth the trouble of tracking
down previous Journals.

By this time, we are fast approaching the present; the
way things are now, as opposed to the way they were.
This Journal is, in the main, concerned with the events
of 1978. Because it is an annual, publication inevitably
lags about a year behind what is actually taking place.
The doverailing of putting the Journal together with
the yearly rhythm of the rest of our work was chroni-
cled in the fifth Journal. The most exciting and en-
couraging news of the year just past came from Bill
McLarney’s and Jeff Parkin’s work on the cage culture
of the yellow bullhead, Ictalurus natalis, which is de-
scribed in the Aquaculture section. Their harvests last
fall at last justified their faith in this form of pond
aquaculture as a source for protein in a hungry world.
Jeff has been with us since early 1977. He came to
work with Bill as a biologist but with Tanis has also
become artist-in-residence and designed the cover and
the graphics for this Journal.

Photo by Hilde Maingay

Now like Susannah, who began at about the same
time, we are ten. We are older and, I hope, an edge
wiser. We have grown and changed, but not that
much. We are still a small band or collective of friends
who work together in considerable financial insecu-
rity, bound by a vision of a sustainable future and of our
role 1n bringing it about as a kind of New Age Tool
and Die Company that can help to create the software
or biotechnic technology to realize that vision.

At the end of our first summer on the farm, [ wrote:

The world turned copper, the leaves fell and summer fades into the
past. And yet, so much that was fantasy or plan or theory as the
summer began has edged into the realm of reality. We have grown
another generation of tilapia. We have planted and harvested our
first gardens. Many people have come to see us and left us with
something of themselves to give us a sense of being part of a force
larger than ourselves that is growing now and is very real. The
summer 1s gone; yet we have feasted and laughed and dreamed
together. We have learned to love one another. We have begun.

It’s not so different now.
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Farm Saturdays and Beyond

Since 1972, Farm Saturdays have been our major
way, outside of our publications, of reaching out
beyond our own immediate contextand of sharing our
ideas. Farm Saturdays have been through a number of
incarnations. They began as a rather informal exchange
of information, talking with people while working in
the gardens or over lunch. When that became unwork-
able because of more visitors, we adopted the tactic of
a tour accompanied by a fairly extensive explanation
of the work. But after several summers, this in turn
became impractical as it was hard for the again
expanded population to crowd in and out of various
buildings and still stay within range of the accompany-
ing lecture. This led to our workshop phase, which
involved structuring the day more tightly. We began,
as we still do, atnoon, withan introductory talk which
is followed by a shared, pot-luck lunch. After lunch
we offered a series of workshops in all the major areas
of our research. We stayed with this format for another
several summers, but as crowds continued to increase
and our visitors grew more diverse in their interests,

we sensed a need to revive the tour. We did so, and as of
1979, Farm Saturdays have become an amalgamation
of the tour and workshop schedules.

We ask people planning to come to arrive by noon
on Saturdays from May through September. As be-
fore, at this time there 1s a general introduction on the
background and paradigm of New Alchemy’s work.
After this, everyone revives with lunch. We ask our
visitors to bring food with them- -a bit more than they
are likely to eat themselves—and, preferably, some-
thing like bread or fruit or cheese or a casserole that
1s easily shared. This way there 1s almost always
enough and people get a chance to meet each other as
they serve the food.

The tours begin at one-fifteen, after a clean-up.
There may be as many as four tours if that is what is
needed to accommodate the number of people inter-
ested. Workshops begin at two-thirty and as many as
four or five may take place at once. The topics cover
our basic areas of research and, accordingly, are on
various aspects of agriculture, aquaculture, energy and
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bioshelters. The specific subject for each of these may
vary from week to week. Pest resistance or agricultu-
ral forests may be discussed under agriculture, cage
culture or semi-closed aquatic systems under aquacul-
ture. At three-thirty there is a second round of work-
shops. Some of these may sull be on our work, or a
guest workshop may be given by our visitors on rele-
vant topics like holisuic medicine or antinuclear poli-
tics. There may be an additional workshop by one of
the New Alchemists on a subjecr less specialized than
most of the others. on the social and political implica-
tions of the alternatives movement for example, or on
feminism and ecology.

Recently we have recetved the mild complaint from
a few Saturday visitors that there is so much going on
that it tends to be confusing. This could well be true.
Rethinking the means of human sustenance is a fairly
complex undertaking and for those newly introduced
to the 1deas, there 1s a lot to assimilate. We can only
hope that people who come on Saturdays will find the
information that they need and feel free to keep coming
back as their ume and the availability of gasoline
permits.

Farm Saturdays notwithstanding, with time some
of us began to feel increasingly uneasy about what we
felt was a strong need for a broader educational effort
that would cater to children particularly. With the
arrival of Rob Sardinsky we had, at last, the right
person for the job. Qur first major and, to dare, largest
effort took place on Sun Day in May of 1978 when
over six hundred students from Falmouth and Cape
schools were given a tour of the farm. Subsequent to
that day, which was really a glorious success, Sardo
began a program of school tours. Since its inception in
Qctober of 1978 he has guided more than 1,500 stu-
dents from preschoolers to postgraduates about the
farm. Sardo has a talent for making informarion about
natural systems and biological processes accessible and
relevant even to very young children. Although we
remain painfully aware that this is only the smallest
drop in the bucket in terms of the re-education that will
have to occur with nmes changing with such great
rapidity, we feel very much better about having made
a start.
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No Nukes

Nancy Jack Todd

As the seventies draw to a close, the scent of incipient
change strong in the air, and we begin, mentally at
least, to fasten our seat belts for the eighties, the unre-
solved issue of nuclear energy still looms large before
us. It 1s too soon to know whether the near melt-down
at the Three Mile Island Plant near Harrisburg, Penn-
sylvania, in March, 1979, will prove to have been the
turning point in the energy debate. Perhaps that is too
much to hope for this soon. What is becoming undenia-
bly evident is that events in the energy arena are mov-
ing at an enormous speed and that the decisions and
policy that are being made will affect our lives drasti-
cally and for a long time to come.

New Alchemy’s position on the subject of nuclear
energy is probably too obvious to need explaining. We
have always considered it self-evident that the fact of
its existence was in itself an antinuclear statement, buta
remark from Margaret Mead several years ago con-
vinced us that support of the antinuclear movement
was as vital to our work as was solar design. She and

John Todd had been lecturing in the Social Ecology
Program at Goddard College. Before leaving, Dr.
Mead waved her stick at the windmulls, domes and fish
ponds that dotted the Goddard landscape, nodded
approvingly, then added, “But, you know, it won't
do a bit of good if we don’t stop nuclear power.”

As ever, she was right on target, and we stretched to
incorporate that reality. Devotees of the sun that weat
New Alchemy may be, we still live ina world where it
1s not yet possible just to cultivate one’s garden, as
Candide advised. Even though solar research 1s mak-
ing great strides, at the present over one half of the
research scientists of the world are still employed in
military research and development, and a significant
proportion of this research is used in developing the
technology of mass destruction and repression. Steve
Baer summed the situation up most succinetly when he
said:

A dog that hasn’t been chained long forgets. It rushes across the
yard and then—bang. Today when people become excited about
the future and involve themselves with new uses of technology
they often get carried away with hope then bam they think
abourt the atomic bomb, the H bomb, the ballistic missile. Today,
like the dog, we all have the chain on us. There is nothing very
marvelous going on unless it is something to untie that chain.

The best handle that we have to date for focusing
public attention on the larger question of the arms race
15 with the apparently more immediate and visible
issue of nuclear power.

The first step in active resistance for any of us at
New Alchemy came in 1976 when Christina Rawley
joined the Clamshell Alliance and was arrested for
occupying the site of the Seabrook plant in New
Hampshire. A few weeks later, at the opening of the
Ark on Prince Edward Island, we had a chance to
express our views to then-Prime Minister Trudeau.
His reply was to the effect of, all right, but what else
do you suggest? His question further reinforced our
own conviction that the issues are conjoined or that the
antinuclear and alternative technology movements are
two sides of the same vision.

Since then, many of us have gone to rallies, meetings
and demonstrations. Most of these were concerned
with Seabrook butincreasingly we are focusing on our
own down-home reactor at Plymouth. Pilgrim [ has
the not too reassuring repuration of being one of the
oldest and leakiest plants in the country (and there are
only two bridges on and off Cape Cod). And to add to
our grievances, Pilgrim II is being planned. It’s be-
coming harder and harder to cultivate one’s garden
at all.

In the fall of 1978, with the Seabrook plant under
construction, we began to hear more of plans foraland
and sea blockade of the plant’s reactor pressure vessel
when 1t was to be shipped from New Bedford, where it
had been constructed, to the plant site. Rebecca Todd
started a local Clamshell affinity group that was made
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up of a mixture of local people and New Alchemusts.
They took training in civil disobedience and became
thoroughly conversant with the arguments for and
against nuclear energy. After many months of prepa-
ration and vigilance, waiting for the call that would
announce the departure of the reactor pressure vessel
from New Bedford, the moment came with the ring of
the phone on the evening of the eighth of March, and
our people, their bags long packed, were swallowed up
into the night. By carly afternoon of the next day,
those of us keeping vigil at home received word from
John Wolfe that Rebecca and Rob Sardinsky had been
arrested and charged with disorderly conduct. The
local support system, headed by Christina, rallied with
bail money and they were released later that day.

On March 28, the surreality of Three Mile Island
began. I spent the first day or so wondering what that
odd, numb sort of feehing around my heart was, and
with time recognized it as terror. [ know that individ-
ual reactions must have been as varied as the millions of
people who were exposed or endangered by the radia-
tion, but I haven't felt so directly and helplessly threat-
ened by events utterly outside my control since the
Cuban crisis in October, 1962, as Russian warships
steamed steadily and it seemed irrevocably toward
Cuba. As the most immediate danger at Three Mile
Island apparently began to abate, with sequential
irony, the appointed date to launch the Ohio, the Tri-
dent-missile-bearing nuclear submarine from Groton,
Connecticut, arrived. As President Carter was repre-
sented by Mrs. Carter and the John Glenns, the anti-
nuclear people here were represented by Rebecca and
Julie Genatossio. They chained themselves together to
block passage to the naval shipyard and agamn they
were arrested. While President Carter declaims the
cause of human rights abroad, some of our own young
pcople arc prisoners of conscience in their own
country.

The ecological damage left in the wake of what was
not quitc an official disaster may take years to assess.
At the time of this writing 1t has just been reported that
the depth of radioacrive water on the floor within the
plant had been underestimated by several feet. The
amount of radioactive steam vented into the atmo-
spherc and the effects it will have on human and envi-
ronmental health are unknown and no doubt will be so
for some time. One of the few givens is that official
statements will continuc to equivocate as to whar actu-
ally happened. Where will all that water go? How
much has leached out already nto the Susquehanna
and on downstream to Chesapeake Bay?

In terms of social ecology, the aftermath has beenan
cxponential increase in general awareness and concern.
Nuclear power has become, at last, a public 1ssue.
Considerable credit 1s due unquestionably to Jane
Fonda and her film, “The China Syndrome,” the
amazingly fortuitous timing of which reinforced the

message of Three Mile Island. Equally fortuitously,
assistance is coming, albeit still quietly, from financial
projections, an area from which we do not frequently
recruit allies, as the economics of nuclear power begin
to look increasingly bleak. Certainly Babcock and
Wilcox are not faring too well, and increased demands
for safetv in other plants arc going to escalate building
and operating costs to hopefully prohibitive levels in
the fairly near future. The all-too-obvious hedging on
the part of the authorities has weakened public confi-
dence in the credibility of officialdom. This in turn
may further serve to keep the nightmare of nuclear
fusion at bay.

With glimmerings of hope on the nuclear front, we
could well find ourselves on the horns of yet another
dilemma. Even as the antinuclear forces gain in
strength and become increasingly accepted, the claims
of some of the proponents of nuclear energy grow
concomitantly in stridency and, one assumes, convic-
tion. We would do well to keep in mind the possibility
of a backlash. What more logical culprits for a failing
economy than the opponents of continuing growth?
In several recent popular works of fiction, including
Arthur Hailev’s Overload, and The Wanting of Levine
by Michael Halkerstaur, environmentalists and anti-
nuclear activists are portrayed as irresponsible and un-
comprehending or as villains. As the last arucle in the
Explorations section, by Francisco Varela, describes
experientially and so well, the danger in sharp and
rapid polarization of opinion is that it can lead to a
complete breakdown in communication between par-
risans on both sides. Inadequate thinking or, in his
words, poor epistemology will most often result in
ill-conceived behavior. If the nuclear issue is to be a
major pathway to a sustainable future, then it is crucial
to avoid unnecessarily alienating tactics. Intractable
dichotomy is likely to lead to the frustration and
potential violence of mutual incomprehensibility.
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Notes of an Alchemist’s Apprentice

Nancy Wright

It 1s difficult to encapsulate a revolution, personal or
otherwise. It’s even harder to explain something very
close to your heart without sounding foolishly sen-
timental.

In 1978, in the spring of my sophomore year, |
wrote a letter to New Alchemy. In it I expressed
frustration and dissatisfaction with my education at a
supposedly prestigious university. It seemed to
amount to a stale compendium of lists, facts and grades
in a framework of competition and social pressures. |
was being spoon-fed (force-fed?) “information’ that
seemed isolated from either thinking or reality. Worst
of all, I was coming to accept it passively, living with a
vague dissatisfaction. Some call it atrophy of educa-
tion, for me it was atrophy of the brain. The golden
temple of academia wasn’t helping me to learn, even to
be a productive individual in society. At most I would
become a marketable commodity, a graduate from a
big-name school. Money. Prestige. I watched my fel-

low robots to'see if they felt this decay of our educa-
tion, but I saw them lining up, comparing clothes and
competing for lucrative jobs in a right market. [ wrote
to New Alchemy to see if | could break through this
educational apathy. To save mysclf. To start caring
again. [ wanted very much to have faith in something.
Artthatume New Alchemy represented almost a magi-
cal solution.

Almost a vyear later, | have found that faith I was
looking for. Mv mind 1s working again and my educa-
tion becoming meaningful. This is because through
New Alchemy, I have gained a new arttitude about
people, myself, and science-—my field of study.

In August [ began asa New Alchemy volunteer, as
an apprentice with the semi-closed aquaculture pro-
gram. | thought at first that perhaps New Alchemists
were a mythical lot, a step or two removed from real
people, free from problems, virtuous, and for some
reason, all vegetarians. I was petrified that someone
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might find out that I indulge in junk food or, at times,
wear make-up. For some reason, [ had strange precon-
ceptions, ones that I find others share. Much to my
relief, T found the Alchemists to be a diverse mix of
extraordinary but very human people. They were
neither the “New Age” gods and goddesses, nor the
irresponsible freaks various people had picrured for
me. The difference lay in their attitudes, not their
affectations. In fact, the most tangible difference I
could pin down was that they used a different slang
than I do with a flavor of the sixties not heard on
campuses today, the slang [ associate with college ac-
uvism. I guess, deep down, I am jealous of the spirit
that sixties students had. I had always believed that
college ought to be where you got all fired up and
showed your fervor rather than the alligator on your
shirt as they do today.

The sheer number of projects going on at the farm
impressed me. [ had been exposed to little in the way of
alternative technologies and I felt as uninformed as is
possible. [ wondered how many other people are as
oblivious of the existence of such things, from wind-
mills and solar greenhouses to fish and kohlrabi. The
endless flow of questions began. How do these things
work? How will they affect society? The economy?
The environment?

Gradually, the concepts behind each project began
to come into focus. This was especially true with the
aquaculture systems with which I was involved. Inmy
mind, the solar-algae ponds progressed froma random
bunch of fish, algae and fiberglass, to an intercon-
nected, living web- a complete entity of interdepen-
dent factors and functuons. My questions multplied.

I was fascinated by the social aspects of New
Alchemy- -another set of interdependent factors.
There are strong pressures due to lack of funds, equip-
ment, and hours in the day. There 1s the ongoing
stream of questions from visitors and outside seminars
and talks that are given. Volunteers come and go and
must be trained, yet each is treated with tremendous
warmth, a fact | shall always remember and cherish. It
is by no means a nine-to-five job. Pressures and emo-
tions can often run very high. Yet there is a cohesive-
ness and a balance within the group that enables it to
deal wich all these things. lois a strong, and strongly
protected, sense of community; a fine-tuned ecology
(in the classical sense of the word) that 1s maintained.

Wednesday meetings, which the group lets volun-
teers attend, allowed me to see some of the structural
‘bases and goals of New Alchemyv. I saw why things
were the way they were, whether it was finances or
how the Ark was closed at night. [ could stay informed,
but more importantly I could understand and deal with
frustrations that I, as a volunteer, or anvone else
might have to deal with. [ feel this is essential when
working closely with a number of people.

In the weekly discussions, the goals and their under-

lying justifications that give a sense of purpose and
direction for the Institute become apparent. Everyone
contributes toward this end, fortif ying the group unity.
Having goals or working toward an end is something
we seem to have lost touch with in many aspects of
society. Often, if we have the means to do something,
we plow right on, simply because the technology is
there. The ends are neglected till they arrive. In the
recent past, many of these new arrivals, like nuclear
power, have been fraught with unforeseen problems.
We fail to question motivations and look at ramifica-
tions of actions. The New Alchemists try to embody
this with their ongoing assessment and group discus-
sion policy. U.S. government, take note.

My actual work as a volunteer varied inamount and
complexity. Regardless of its sometimes menial ap-
pearance, | was never treated as an insignificant “go-
fer’” in the aquaculture group. No one was ever con-
descending despite my negligible background in some
areas. [ was, instead, taught patiently and encouraged
to learn. What was wonderful (and refreshing) was
that I enjoyed my work, from feeding fish to counting
algae. Through daily exposure, I found myself awed
by the complexity of the organisms, the systems, and
simply of life itself.

My stay at New Alchemy was a period of academic
as well as personal growth. The ideas and beliefs [ was
exposed to affected me in a number of ways. Since
dissausfaction with my education had been a prime
mortivation for going to New Alchemy, I became
aware of some alternative and different ways of better
utilizing education. Two concepts to which [ had
never been fully exposed are those of thinking and
reality. [ had been educated through a system of repeti-
rion and memorization, with an emphasis on speciali-
zation. Even carly on, educational goals were either
professional or job-oriented. Now [ am finding that I
do not have a well-developed way of thinking and
have no idea about many basic things. There are two
things that could be done to remedy problems like
this—or, more hopefully, cure them.

The first is beginning to be implemented at lower
levels and mvolves giving the student a broader educa-
tional base from which to work. This includes, or
should include, social sciences, humanirties and natural
sciences, and just current fact. We should be taught
other modes of reasoning and thought, and their his-
rory. A student should have a picture of the human
being as a social and biological organism and as part of
a larger entity as well. Then perhaps each of us could
internalize a set of values or orientations, because
today we are called upon to make such difficult choices
and to think about the future in an incredible way.
Science and technology have reached a point at which
we must carefully question each step we rake. Judg-
ments and value decisions have to be, and are being,
made. To make such decisions we must be familiar
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with moral, ethical, social and economic issues as well
as the more practical and “‘scientific” sides. No one
person can be an expert in all fields of thought and
action, but the awareness of the existence of orher
things, of the “whole,” gives us a stronger framework
to work from, a belief system to hold on to.

The second educational factor 1s much more con-
crete. People need exposure to real things and situa-
tions, and the chance for practical experience. My
exposure to the aquaculture systems at New Alchemy
gave me a strong sense of what ecosystems and ecol-
ogy are. [ cannot begin to compare this with a written
description. This almost innate feeling now gives mea
better appreciation for any other systems, biological or
social. If each of us could experientially gain a compa-
rable sense, we would have a greatly expanded ability
to understand and to work. We could then make use of
a broad background in a theoretical sense, yet ink it to
reality. In terms of environmental education, for exam-
ple, such a technique would stimulate a higher level of
public awareness and an understanding of major envi-
ronmental questions facing us today.

Taken together, tools of background and depth and
exposure to ‘“reality’” would develop the ability for
constructive, careful thinking, something that people
don’t seem to learn today. With the linking of the
classroom with the real world, education would be-
come a “whole” entity instead of a scrapbag of frag-
ments and facts. Thus equipped, an individual could
face and question the things going on around him or
her. We must go beyond caring and become thinking,
aware people.

Finally, and more inamately, my experiences at
New Alchemy led me to personal growth, to the edu-
cation of my self. It always seems to come down in the
end to “myself.” Perhaps this is unfortunate, perhaps
not. Ulumately, one still must deal with one’s self. This
seems to demand thought and reflection combined
with input from many sources. For me, New Alchemy
was an 1deal environment for personal growth. There
were sensitive people with stimulating 1deas. I had
both a dynamic place and time to think. [ became
aware of choices and decisions [ could make, priorities
[ might have to choose, and roles I might or might not
fill. This was exemplified by the women at New
‘Alchemy. [ saw and was friends with women who
were very consclously dealing with their changing
roles 1in society and in their own lives. There was a
spirit that I had never felt before, a pride in being who
and what they were as vital, contributing individuals
and as women. It was, in my mind, not only a manifes-
ration of women’s liberation, but people’s liberation.
This and other experiences as well opened my eyes to
new satisfying and meaningful possibilities for me.

The net result of this flood of thinking, this “inter-
nal revolution” (at least that is how it feels to me) 1s
that [ am back in the same institution in which I started.

But now I can see it as a bounty of resources and of
opportunities to learn and explore in many directions.
Many of the apathetic and social problems sull exist.
They did not evaporate, but the opportunity for an
education is there for the taking. To do that 1s a matter
of priorities, and dealing with, not fighting, the hassles
of college as it is today. Granted, it 1s a compromuse, but
the trade-off is worth it. [ have regained my enthusi-
asm. | have energy and motivation again. | have a
belief. People can turn their energies toward creative,
useful ends. They can think and learn. They can deal
with technological problems on a human scale. [ found
that spirit at New Alchemy.

Book Reviews

Poirot, Eugene M. 1978 Our Margin of Life. Acres
U.S.A., 10227 East 61st St., P.O. Box 9547, Ray-
town, Missour1 64133. 139 pp., $3.50.

reviewed by Bill VMcLarney

[ first became aware of Gene Poirot as the inventor of
Rube Goldberg fish-harvesting contraptions that work.
[ later discovered that in the more than 50 vears since
he first began farming with “no education, just a uni-
versity degree,” he has done many things that work.
He began, and still farms, on 1,900 acres in southwest-
ern Missouri. He has allowed 800 acres of this expanse
to remain as one of the last stands of virgin bluestem
prairie on the continent. One thesis of this book is that
it 1s that 800 acres which has taught GGene Poirot how
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to farm. And now he asks his prairie to teach us, not
necessarily to farm, but at least to see more clearly how
nature relates to society through the farmer.

The book is like old-fashioned farming, at once
practical and romanuc. Poirot’s thought can be as basic
as the need for food or as romantic as a prairie night in
May. It is on such a night that he invites us, “Come
walk with me in my virgin bluestem prairie on this
night in early May. Listen, while 1t reveals its past.
Learn, since it teaches the lesson of survival. Take
hope from the beauty of its flowers and renew your
faith from the murmur of its creatures.” During a
12-hour period we watch the cycle of events on that
prairie and listen while Poirot alternately addresses a
sharp-shinned hawk who lives in an old elm by the
bank of Coon Creek, Lady Moon, or us, his guests.
Through the author’s relationship with the hawk and
the moon we are given not only an appreciation of the
prairie ecosystem, but sound agricultural advice, a sug-
gestion for a national agricultural policy, and a land-
based philosophy of life.

Poirot was one of the first of the “scientific”’ farmers
and one of the few wise ones. He has realized that
science is a tool for the farmer, nota panacea. American
agriculture today seems to take the atritude that a
phenomenon begins to exist only when science ana-
lyzes 1t. And we tend to behave as if science and its
stepchild, technology, could be used not only to alter
natural systems, but to mutate the laws by which both
natural and human-modified systems operate. But
Poirot says, “We humans are one product of the Great
Scheme of Things. Science tries to determine how we
got here, where we fit and what we may do to survive.
In fact we did survive because of the Scheme long
before we had much part in its performance. This in
itself is reason enough to believe its teachings as we can
observe them in a general way, without waiting for
science to come up with all of the answers, for we
cannot wait long and be sure of survival.” The book is
filled with examples which show how Poirot’s applica-
tion of scientific knowledge rests on a firm foundation
of experience, and how his use of scientific insights
reveals whole new vistas where intuition and percep-
tion, as well as the rational powers, can play. I was
struck by the thought that humanity may one day
conclude that the real purpose of science was to lead us
back to a more sensual and intuitive relationship with
nature.

Poirot’s attitude toward technology 1s made in his
references to chemical fertilizers. He 1s not a doctri-
naire “organic” farmer, but a practical farmer who
recognizes the limitations of a technological approach
to natural systems. Speaking of the contemporary use
of chemical fertilizers, he notes, “In the last few years
we have returned more plant food than at any time in
our history, not to improve the soil but to meet the
immediate needs of the crops we grow . . . but we are

still losing more plant food than we are replacing” (due
to our disregard for living organic matter in the soil).
He describes his use, in the early days of his farm, of
limestone and superphosphate i conjunction with
sweet clover to restare prairie soil. By drilling the
chemicals into the soil with the clover seed, they were
held in place long enough to help the young clover
roots get started on their part of the job. The cost of the
chemicals used in this manner was 159 that of the
fertilizer technique which was recommended to himat
the ume. His use of chemicals was but one step in a
long-term process which has resulted in virtual elimi-
nation of chemicals, made his farm among the most
productive in the United States, and earned hima bevy
of awards from both agriculture and conservation
groups. Unlike many of his contemporaries he did not
lose sight of the fact that “raking minerals from mines
is a temporary measure, not a solution to the problem
of recycling plant foods.”

Poirot makes an economic case for his methods of
soil restoration. ““The Farmers State Bank in Lock-
wood, Missouri” (not far from Poirot’s home in
Golden City) “showed a significant growth after fi-
nancing soil and water restoration for ten years. In the
last seven of these years, the bank grew an average of
over $1,000,000 per year, to a capitalization of
$14,300,000. . .. In 1922 some economists suggested
that this land should be abandoned; it was, they said,
worn out and could never be farmed in a profitable
manner.”

But economics, like science, is only a tool in the
author’s kit. He castigates humanity’s “‘eagerness to
get money rather than a permanent source of life.”
And he pities the “banker with a hoard of indigestible
gold living now by the charity of those who would
share with him the margin of fertility still remaining in
their farms.”

The notion of “margins’ is central to the book. The
hawk 1s just enough faster than the quail to be able to
catch his supper; that is part of his margin of life. The
hawk, and the quail, upon death are returned to the
soil. That is part of the margin for plants, for more
birds, ultimately for us. We owe our existence to ‘‘an
accumulation of margins at a progressively higher
level of life.”” And, argues Poirot, it is an extra margin
provided by the farmer—what we call “abundance”
—which ultimately determines the quality of our lives.

In practical terms, the central point of the book is
that modern agriculture, and the philosophy which
determines it, are eroding our margin of life. “Those
who have implicit faith that the law of supply and
demand will correct the decadence of our soil resources
should note that the same law in other nations has
hastened soil destruction, with the result that human
diet had to change from animal proteins and fats to
vegetable proteins and starches.” Poirot asserts that
“man’s failure to recycle the resources he uses, adding
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more where they are needed, and keeping recycled
resources and additions within reach of new life at a
ume and place where nature can use them, is the farm
problem all over the earth.”

This leads him to a suggestion for a national farm
policy radically different from the present one. While
Poirot apparently has more faith than I in the capacity
of our federal government and our economy to discern
and take the right course, his ideas are certainly worth
promoting. He suggests that “in our nation, which
tries to make supply and demand work, the answer is
simply to make a market for resource restoration that
operates 1n direct competition, price-wise, with the
market for buying agricultural products, which ac-
cording to our present methods 1s destroying and mis-
placing resources.”

What this would come down to is to make the
customer foot the bill for soil restoration and resource
conservation. In this day of Proposition 13, that mav
not be a popular idea. Yet [ would submit that Poirot’s
suggestion cannot be considered without being bal-
anced against what we are asked to contribute to
inflated defense costs, destructive energy programs,
space exploration, questionable highway construction,
hidden industrial subsidies and general bureaucratic
inefficiency.

Poirot proposes some pretty radical ideas. He be-
lieves farmers should be rewarded for producing the
most nutrition, not the most “food.” He suggests that,
since the owner of a phosphate mine or an oil well is
entitled to a depletion allowance on his taxes, all the
more so should the farmer receive one for soil minerals,
so that he can afford to go ahead with soil restoration.
He asserts that soil is capital and crops interest, and
untl our agricultural policy takes cognizance of this,
farmers will be economically pressured to take a de-
structive course. He believes that the only legislation
which will effect soil restoration and conservation is
legislation that rewards the good farmer by offering
incentives, rather than intensifying competition, thus
punishing the bad farmer.

His suggestions for a national farm policy are of
course directed to the seats of government, but they
are also addressed to us. “l am your farmer,” says
Gene Poirot. Here 1s his challenge: “If we are going to
try to solve the farm problems for abundant produc-
tion, plus environmental problems of clean air and
water, flood control, wildlife conservation, extra rec-
reation and the preservation of natural beauty, we had
better employ the farmer to help us. . . . I have demon-
strated what can be done over a period of fifty years. [f
you want it on a national basis, get busy and push for
i’

So far I seem to have reviewed the technical and
political aspects of Our Margin of Life, while paying
only passing notice to its poetry and philosophy. This
is not meant to be in proportion to their worth. It is

merely a confession of my inability to do justice to
them. When Poirot looks ahead to the day his hawk
will die, and describes the event in terms of its place in
the larger scheme, one may weep for the hawk, burat
the same tume one will see the beauty of the whole.
And one will realize that the author makes no distine-
tion between Gene Poirot the technician and Gene
Poirot the nature poet. [f all the people responsible for
our agriculture had such a unifying vision, Poirot
could writc only poetry, withour exhorting us to hus-
band our resources.

There s reallv only one thing wrong with this
book, and it 1s a familiar problem. “We” will read 1t
and love 1. But it 1s not clear that it will be read by
“them.” Our Margin of Life needs to reach the modern
farmers and bankers and politicians and policy makers
and informed voters who steer the course of our agri-
culture and who ordinarily read only what agribusi-
ness wants them to read. For thev are the ones Poirotis
challenging directlv. Fortunately the writing is such
that the book will appeal to anyone with an aesthetic
sense or a feeling of responsibility for the furure,
whether or not he or she has ever been concerned with
agriculture. The challenge to s ~and 1 include the
book’s publisher —1s to get this book, and this phi-
losophy, to these readers.

Gyorgy, Anna, and Friends. No Nukes: Everyone’s
Guide to Nuclear Power. South End Press, Box 68, Astor
Station, Boston, Massachusetts 02123. 478 pp., $8.00

reviewed by Christina Rawley

Over the past decade we have worked with many
other groups similarly dedicated to the creation of a
sustainable future. At about the same time as New
Alchemy began working on the farm in Hatchville, a
small commune settled on land in Montague in the
western part of Massachusetts almostdiagonally across
the state from Cape Cod. As New Alchemy has
focused on the research and educational aspects of
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appropriate technology and land use, the people at
Montague Farm have been primarily concerned with
direct-action political organizing against our number
one dragon, nuclear power.

Anna Gyorgy, the author of No Nukes: Everyone’s
Guide to Nuclear Power, lives on the Montague Farm.
She began organizing the No Nukes movement when
a twin nuclear plant was proposed for the town of
Montague. This threat made her aware of the prob-
lems with all atomic power plants. She isa founder ofa
local citizens action group, the Alternative Energy
Coalition, and of the Clamshell Alliance. Asa member
of the Clamshell Resource Committee, she has served
on regional energy task forces and has spoken at
countless rallies and meetings locally, regionally and
internationally. This seminal and continuing antinu-
clear rescarch activity makes her well qualified to write
“everyone’s guide.”

No Nukes is an excellent educational tool foranyone
concerned about the nuclear power issue. It contains
nearly 500 pages of facts about nuclear power, its
history, technology and economics, as well as 1ts social
and political implications. A veritable reference en-
cyclopedia, it was produced with the help of eleven
friends, experts, and people directly involved in the
no-nukes movement around the world. [t1s written in
a clear style which can be easily understood. The
type face is easy on the eyes and is printed in double-
column textbook style. Six graphic artists prepared
the hundreds of illustrations that are on nearly
every page. Each chapter 1s backed up with pages
of footnotes.

At the end of the first chapterisa No Nukes diction-
ary that [ referred to constantly this spring during the
near melt-down of the Three Mile Island nuclear facil-
ity. On page 415 there is a reference to public political
opposition to the Three Mile Island facility even
before the accident, reporting thatinan Appeals Board
meeting it had been said that the license for TMI 11 had
been issued illegally and that the plant should be shut
down!

The sccond section on economics guides us through
the nuclear power structure and the impact of the
industry on economic growth from uranium reserves
to power-plant construction. With regard to the fallacy
that more nukes mean more jobs, Ms. Gyorgy says
“money invested in electricity generation creates fewer
jobs than money invested in almost anything else.”

The last half of the book is devoted to solutions.
After defining the problem of nuclear power mn the
first half we are given ideas about what can be done. A
section called “Some Alternatives” begins with the
practicality of conservation, of improving efficiency
of energy use while conducting research to develop
rencwable energy sources. Strong considerationis given
to small-scale, decentralized energy systems, controlled
by communities and individuals. Alternative energy

sources such as passive solar, hydroelectric, wind, bio-
mass, biogas, alcohol fuels and wood are all described
with a summary of their major benefits and attendant
problems. Some “high” tech applications such as pho-
tovolraic cells, photothermal and ocean thermal con-
version, geothermal, solar satellites and fusion are also
described with a warning:

Just because a particular method of producing energy is solar
powered, 1t is not necessarily “appropriate.” What we must ask is:
Whom does it serve; who controls it; and what are its costs in
social, environmental, and financial terms. As we approach and
begin to enter the solar age—and enter we must—Ilet us not be
fooled into thinking that solar technology is inherently smaller
scaled and therefore “better.” Solar systems can be very high-
technology stuff. They can be complex, centralized, expensive—
and unnecessary.

As we enter a new era, it is appropriate to question the standards
by which the new energy sources will be developed. Will it be for
maximum profit, for private enterprise, including investor owned
utilities? Or will the solar age have values and goals besides profit:
things like the quality of life, health and safety, creation of good
jobs, maximization of public and local control. . .. Choosing the
appropriate alternatives 1s notan economic problem but a political
and social one.

The footnotes in this section again show the detailed
research efforts of the whole book.

Because over half the book describes alternatuves and
efforts to transcend the nuclear culture, while we are
given the grim picture of nuclear power on the one
hand, we are offered other possibilities on the other.
The book is not depressing. It is a result of Ms. Gyor-
gv’s and her friends’ dedication to the struggle against
nukes and oppression and for the liberation of clean
energy as though people mattered.

As a feminist, decentralist and no-nuker, Ms. Gy-
orgy has made a strong statement through the process
by which this book evolved. Working on a very low
budget and instead of traveling around to gather in-
formation as is customarily done, she bought stamps,
wrote letters, and contacted people from all corners of
the world who wrote of their own work. Many women
such as Liz Apfelberg and Jane Swanson of Mothers
for Peace in San Luis Obispo, California, and Native
Americans like Thomas Banyaca of the Hopi tribe
contributed to the final section of the book, which is
made up of reports of the activities of various anti-
nuclear organizations. The writing style throughout
the book 1s casy. Even the sections dealing with the
technical aspects of the issue are written in such a way
as to demysufy the system. And that’s part of whatit’s
all about.

In conclusion Anna Gyorgy says,

Fducate, agitate, organize . . . The best way to fight nuclear power
is to study up and start talking . . . Look nto solar alternatives in
vour community. Practice energy conservation and support local
attempts to take over power production and distribution. Check
out the sources of radiation nearest vour home. Write letters, join
or form an activist group. Be aware and be active. Demonstrate.
Our future depends on it.
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Photo by Hilde Mangay

At the Threshold of Winter Looking Towards Spring

The seed, the life-bearing seed,

Is already in the ground, hidden
From those who see only the fields
And imagine that summer is forever.

Not so, dear friends. Summer has gone
And what you live with on the surface
Is not more than the husks of the past,

Ready to vot and be turned under.

Who wants to know that winter is coming?
Yet in the mountains of Iran snow
Has already fallen—the same snow
That will cover us all this winter.

Flakes of terror, chaos, the white death,
Are falling now on all our cities,

But melting quickly, before anyone

Is constrained to acknowledge the fact.

“Times are bad, but the stock market
Is almost keeping up with inflation
And there seems to be oil and gas

Enough to see us through the next election.”

So you say now, but when the House
Of credit cards collapses, or is blown
Down by a nuclear blast, one black hole
Is as good as another 1o pass the time.

In the midst of winter the most difficult

Tuask for those who guard a certain vision
Will be to remember, to remember

Not the past, not the future- -the present.

That pulse is not yet felt or heard

Except by those it animates, who breathe

A different air, the great connector

Of today’s underground, germinating tomorrouw.

Without «winter, no spring.
Without death, no birth.

Without suffering, no com passion.
Without love, no joy.

So let me fall into the ground and die.

Whatever is true will come up in the spring,

And that which isn’t will fertilize what is.

In the womb of the Mother, nothing is wasted.
James George
6 May 1979
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Costa Rica—Fish Culture

Bill McLarney

[t 1s a cliché that nothing happens on schedule in rural
Latin America. This report verifies that cliché. I had
hoped to beable to write of the first New Alchemy fish
harvest in Gandoca. Instead, I can offer only a rale of
slow progress in the face of obstacles and setbacks. At
first the realization of what [ would have to write for
this Journal bothered me as much as the lack of a giant
fish crop; presumably our readers want more than
amusing stories. But then I thought of the correspon-
dence we get about NAISA work, and the visitors
who arrive at the Cape bound for or coming from their
own tropical experiences. And I realized that, though
our aquacultural responsibility is primarily to the cam-
pesinos of Costa Rica, they do not read this Journal.
Among our English-speaking readership are many
who are working or will work in the developing
nations. Some of you will experience technical aqua-
culture problems, but all of you, in or out of aquacul-

ture, will encounter the kinds of nontechnical pre-
dicaments we get into in Gandoca. [ hope my accounts
will help you grin and bear it, reassure you that there is
a solution, and maybe even suggesta solution now and
then.

At last writing (May, 1977), our system of two
ponds with drainage ditches was perhaps 759 com-
pleted, and [ was on my way back to the States. At that
ume, the plan was:

1. the local work crew would finish the construction hopefully
before the start of the rainy scason;

(19}

Fish culture trainee Oscar Cerdas would then spend a month
in a “work-study™ situation ar an established fish culture
station of Costa Rican government;

3. on his return, Oscar would bring, Tilapia nilotica® brood stock

I'he current correct taxonomic name for this fish is Suratheradon niloticus. However.
since 1t acks a generally accepted common name, and the terminology Tilapia nilotica
has served for many years, we will adhere to it here
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to be placed in the “reproduction pond’ (See the fifth Journal
for a description of the components of the system.); and

4. on my return to Gandoca in January, 1978, we would make
our first small harvest and stock the larger pond with voung
males from the reproduction pond.

Well, as reported in a previous Journal, step 1 went
off on schedule. That news came to me ina letter, but
really was unprepared for the excellence of the finished
system. [ was particularly impressed with the crew’s
ability to lay out a functioning drainage system on
apparently flat ground, with no measuring instruments
whatsoever. We have approximately 80 meters of
ditch snaking around the ponds, and it all flows the
way it is supposed to.

The pond outlets have a dual drainage system.
Large volumes of water, suchas may occur in the rainy
season, are handled by an L-shaped plastic pipe with a
removable top section. This serves to draw the ponds
down to about 1% feet at the dam. More gradual or
more complete drainage may be achieved witha double
set of Rivaldi valves, a Paraguayan innovation which
should be known to all small-scale fish culturists.

Enough malanga (Colocasia sp.) had developed from
the plantings made the previous February to begin
feeding fish. But where were the fish? I should have
known 1t would not be easy to get the stock we needed
when 1t took four months of intercontinental cor-
respondence to get Oscar into a fish culture station. In
both cases we owe the solution to the Director of
Aquaculture in the Costa Rican Ministry of Agricul-
ture, Herbert Nanne, Jr.

Some time after my arrival in Gandoca, wearranged
through Sr. Nanne to purchase 400 young Tilapia
nilotica. (All available breeders were quite large and
would probably not have survived shipment.) The
fish were to be netted at the Fabio Baudrit field station
near Alajuela, bagged, driven to Juan Santamaria air-
port, and air freighted to Limén. At Limén airport
they would be picked up and trucked an hour to
Puerto Viejo. There they would be loaded into a
dugout canoe equipped with a 6-h.p. motor for the
voyage to the bar at the mouth of the Rio Gandoca—
an hour and a half in good weather, impossible in bad.
(As a safeguard against the latter possibility, it was
necessary to have on hand some plastic screen, lumber,
and a carpenter, in case it became necessary to float the
fish in cages overnight in a creek in Puerto Viejo.)
Assuming they reached the Gandoca Bar, a horse
would be waiting to carry them the last half-hour leg
of the journey.

Do try to imagine the logistics of all this in a place
where few people have access to a phone and all mes-
sages must be relayed in person or put out over com-
mercial radio. Irritating delays are inherent in this sort

of thing. Only “irritating’’ for us could be translated
“lethal” for the fish.

On the appointed day, February 21, we needn’t
have worried. Someone at Fabio Baudrit supplied the
lethal factor. I don’t know if everyone came to work
drunk that morning, or what, but they packed all 400
fish in one small bag—with a little water. To com-
pound the problem they placed the bag in a box with
no support to hold its shape, so thatsharp corners were
formed, into which the panicky fish crowded and died
of asphyxiation.

Seeing the sull lively “‘sardines” at the airport, I
supposed mvself to be in the presence of some new
advance in fish transport technique, shaped up the bag
with some coconut shells, and loaded them on the
truck. By the time we reached Puerto Viejo, it was
clear that emergency measures would have to be taken.

The first step was to open the bag, stir the water and
get out those fish which were already dead. This
attracted the attention of various of the village elders,
who had been sitting around waiting for an event. |
was soon swamped with contradictory advice based
on their accumulated store of wisdom and experience.

[ managed to borrow a few plastic pails and began
changing warer with little regard for the conventional
practice of equalizing water temperatures. Several by-
standers were pressed nto bucket brigade service. As
my cyes were necessarily focused downward, on the
fish, I became accustomed to addressing feet as they
appeared. So | was somewhat surprised when 1 did
look up and saw a rotund, florid San José business man
(I suppose) in white shirt and tie wondering why he
had been so peremptorily ordered to get a bucket of
water.

We loaded several pails of fresh water into the canoe
and conunued on down the coast, exchanging water all
the time-—not all that easy a thing to do in a canoc at
sea. To add to our woes, the day was hot and the sky
clear-—a little overcast might have helped. All in all, |
think we did well to release 60 more or less live tilapia
into the pond.

But that was not enough, and the whole process,
including the 16 mile hike to arrange the shipment by
phone, had to be repeated on March 8. This time,
thanks to the direct intervention of Sr. Nanne, the fish
were shipped right. Despite rough seas, we made it to
the ponds with only three losses out of 400 fish.

Meanwhile, we were experiencing two other prob-
lems. The most perplexing was a water shorrage,
which has thus far prevented us from using the larger
of our two ponds. Prior to constructing ponds we
surveyed the older residents of the area as to the possi-
bilicy of drought. There had never been one  until
1977-78. The normal weather patternisa “dry” sca-
son from January to May, then a “rainy” season,
peaking in August and again in November and De-
cember. The rains came more or less on schedule in
June, 1977, though the amount of rainfall was less than
normal. But, for the first time in anyone’s memory,
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there was no significant rain in November and De-
cember. Thar, along with a more or less normal dry
scason, led to almost continual low water in the larger
pond, which finally went dry in April.

By the ume the fish arrived it was already apparent
that the larger pond was in danger of drving up, so all
the tilapia. regardless of sex, were placed in thé repro-
duction pond. Eventually even that pond, which is
quite a bit deeper than the growing pond, fell so low
that we ceased feeding and constructed bamboo and
coconut frond shades in the pend to retard evaporation
and cool the water.

We were worried, not only that that pond mighedry
up too, and cause the loss of all the fish, bur that the
unprecedented weather might represent 2 long-term
climatic change, such as has alread v afflicted the Pacific
Coast of Central America. As it happens, the smaller
pond did not go dry, and the rains have been more or
less normal since Mav, 1978, But it will take a couple
more normal years to completelv convince us that the
drought of 1977-78 was just a freak occurrence.

Onc good thing about being involved in any sort of
farming venture - -there are always enough immediate
problems peculiar to the individual operation to save
onc from morbid preoccupation with long-term envi-
ronmental problems. In the case of the NAISA fish
culture project, while we watched our water evaporate
we could ponder what had become of the nets we had
ordered. Trving to do any sort of intelligent manage-
ment of fish without nets, scales to weigh fish and
food, etc., 1s sort of like trving to chop bush with a nail
file in place of a machete. Bur that's where we found
ourselves as of April, 1978.

[ had delayed ordering our fish culture equipment
while waiting for a grant proposal to make its tedious
rounds. Fmnally, in November, 1977, [ got up off
NAISA's hard-earned nickels and ordered the nets,
grant or no grant. T'his theoretically gave us time to
receive our tools ahead of the arrival of the fish. The
nets arrived several weeks after the fish.

The plan had been that New Alchemy would pur-
chase the equipment and have 1t shipped to Catholic
Relief Services (CRS) in New York, whence it would
go by boat to Limén. Our friends at CRS in Costa
Rica would help us get 1t out of customs without
paving duty.

Weeks passed. No word of the nets. Some detective
work by John Contier of CRS established that they
had been loaded on a ship called The American Legion
in New York. The American Legion does not go to
Costa Rica. Perhaps they were transferred to another
ship? Possibly. The CRS warehouse people in New
York, the line which owns The American Legion, the
shipping agents in Limoén, and the customs people at
the Port of Limén all pleaded utter inability to answer
that question. For all we knew, our fish culture tools

could be like Charlie on the MTA. They could have

been doomed to shuttle back and forth between Spits-
bergen and the Maldives until the o1l finally runs out.
(I might add that it is impossible to purchase small
mesh nets in Costa Rica, so our problem was urgent.)

Finally, CRS in San José received a notice. Our nets
would arrive February 10 in Limén. They did not. All
hands once again pleaded rotal ignorance and inability
to help us. More weeks passed. Anothernoticearrived.
Somchow, our nets had gorten unloaded February 18
in Puntarcnas. Notas bad as it could be: right country,
wrong ocean.

Now, those of vou without experience in this sort of
thing might suppose that from that point things be-
came simple. You reckon without the aduana (customs)
and its capacity to make things difficult. I don’t know
what it 1s about customs people. There are some insti-
tutions which are merely confusing. With areasonable
command of the appropriate language and once you
learn the ropes, what you thought was a morass of
confusion and inefficiency becomes quite manage-
able. Not so the aduana. The aduana does not discrimi-
nate, on language or any other basis, nor can 1t be
“managed.” Aduana employees spare no effort of
creativity, leave no informality uninvoked and miss no
chance to invite you back tomorrow foranother round.
(I especially remember one episode when John Todd
sent me some Otabs—tablets which release oxygen in
water, to be used in shipping live fish. These were
classified as “‘medicine,” thus opening a whole new
wonderland of regulations and forms.)

In the casc of our nets, the aduana, perhaps inadvert-
ently, outdid iself. Some behavioral deviate in the
Puntarenas aduana actually tried to be helpful. This
anonymous person sent the package on to San José-—
but forgot to send the requisite forms. The Puntarenas
aduana was adamant that they couldn’t release the
forms unsigned and unstamped. And of course the San
José people couldn’t release the nets without them.

At this point a deep bow to Horacio Pestafia of
CRS, who spent who knows how much time shuttling
between San José and Puntarenas, and finally suc-
ceeded 1n extracting our equipment on April 9. Fol-
lowing another truck, boat and horse trip, the nets
arrived in Gandoca on April 11.

The following day we netted our first sample,
which disclosed that our fish were pleasingly plump
and apparently growing well. I say “apparently” be-
cause, owing to the presence of our scale in the Punta-
renas aduana, the mitial weight of tlapia stocked had to
remain unknown. The sampling also disclosed the
greater difficulty of netting Tilapia nilotica than other
spectes. Particularly in our soft bottomed ponds, they
are adept at diving under the net. We have yet to solve
this problem to our satisfaction.

In the course of sampling we were able to remove 18
pounds of “weed” fish, which could compete with the
tilapia for food. They included Poecilia sphenops, the
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“molly” of aquarists; Hemieleotris fasciatus (?) and
Eleotris amblyopsis, two sleeper gobies; and Asiyanax
fasciatus, a characin. Some of these were eaten by our
neighbors, but there was more interest in the three
pounds of delicious fresh-water shrimp we hauled out.
While the future of commercial fresh-water shrimp
culture is doubtful, they are undeniably a fringe benefit
of aquaculture in the lowland tropics, where they
appear unbidden wherever there 1s water.

With regard to feeding our tilapia, this 1s really the
crux of the project, or at least our claim to distinction.
Those who have attended any of my Farm Saturday
workshops or read some of my other writings are
familiar with my views on commercial concentrates as
feeds for cultured fish. Ecologically, economically or
energetically based objections to commercial concen-
trates are all the less debatable in a developing country
like Costa Rica or when the object of culture is a fish
like tilapia which has been promoted chiefly on the
basis of its low position on the food chain and suitabil-
ity for low-cost production.

It must be admitted that many of the concentrates
“work”—on tlapia as well as on obligate carnivores
like trout and catfish. It is also only fair to point out
that in Costa Rica great progress has been made in
developing Costa Rican substitutes for imported con-
centrates which are ecologically benign and a great
deal cheaper than the feeds imported from the U.S. But
all discussion of concentrates is academic in Gandoca,
where neither the economic means to purchase them
nor the facilities to transport them exist.

The primary food of our tilapia is derived from the
natural and augmented fertility of the ponds. The
ponds are built ina swampy spotand, asinmuch of the
lowland tropics, the natural fertility of such areas sub-
stantially exceeds that of surrounding high ground. A
more surprising fact 1s that, while our agricultural soil
is problematically acid, our pond water 1s near neutral
in pH.

Whatever their chemustry, the ponds, prior to stock-
ing, supported a luxuriant and diverse population of
small fish, shrimp, insects, etc. Less appealing was a
rank growth of filamentous algae. This had its merits
as a mulch (we have even considered building a special
shallow pool just for that purpose), but to a fish cultur-
ist it 1s an unmitigated detriment.

Just prior to the arrival of the first lot of fish, we
began to fertilize the pond with horse and cattle manure
in porous plastic bags. The ensuing bloom of phyto-

plankton, the primary food for the tillapia, quickly put
an end to the filamentous algae-—a “textbook’ exam-
ple of weed control by competition.

Apart from algae, the principal tilapia foods availa-
ble to us are the plants we have planted for that pur-
pose, principally melanga. We have much to learn
about feed plants but at present we recommend ma-
langa, for the following reasons:

. easy to cultivate using traditional methods,

. likes to grow near water,

. pest-free (with the exception of our famous land crabs),
. produces a starchy corn edible by humans and livestock,

. produces a very large quantity of leafy material, and

. easy to cut and feed.

R

o

For all the virtues of phyvtoplankton and malanga,
there is still no substitute for a small amount of animal
protein as a growth promoter, particularly in young
fish. Our first batch of fish got off to a fast start, thanks
to the abundance and diversity of small animals imitally
present. Presumably there will always be some pro-
duction of young mollies, shrimp, insect larvac and
zooplankton, but predation by a large population of
tilapia will drive these sources down to a much lower
level than was mnitially present.

Qur first attempt to parallel our Cape Cod efforts
with earthworm and midge larva culture and U-V
bug-light msect traps, involved the scourge of local
construction, the termites (locally known as comejen or
“wood lice””) which form large round nests wherever
there 1s dead wood. The local people have long recog-
nized their value as animal feed; it 1s a common practice
to harvest nests to feed to chickens and they are also
used as bait to trap shrimp. Our attempts at “culture”
so far consist merely of cutting naturally established
nests and setting them up on a suitable site. Most of
these transplants “take”—new runs are formed and
termites go on living 1n the nests. But the population
density 1n our transplanted nests has not approached
that in natural nests, thus reducing their utilicy. We
would welcome suggestions from any termite experts.

Further development of the termite work is a prior-
iy, as 1s the stocking of the large pond with all male
tilapia and a few guapote (Cichlasoma managuense or
Cichlasoma dovii), a large predatory cichlid used to con-
trol excess small fish. But our plans suffered a sctback
when Oscar left to seek work elsewhere. Until we can
begin tramning someone to take his place, the tilapia will
mark tme in the ponds, and we will endeavor to learn
Latin patience.
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As the idea of massive, single-shot solutions to en-
ergy demands wanes with the increasing unavaila-
bility of inexpensive, accessible energy sources, the
appeal and the rather satisfying logic of smaller scale,
and specific end-use energy applications begins con-
comitantly to win acceptance. In his article, “An In-
tegrated Wind-Powered System to Pump, Store and
Deliver Heat and Cold,” Joe Seale discusses first the
theoretical aspects and potential pitfalls of such a
system and then goes on to some of the practical
potential applications. Joe’s subsequent shorter ar-
ticle, "Whatever Happened to Compressed Air?” fur-
ther illustrates from our own recent experiment that,
as with the application of any technology still in its
infancy, there is still considerable trial and, in this one
specific case, error.

Gary Hirshberg’s “A  Water-Pumping Windmill
Primer” is the continuation of a series of hands-on or
how-to papers on water-pumping mills that we have
published over the years. As both we and our mills be-
come more experienced and durable, we feel very
eager to pass on what we have learned. Gary has
worked extensively with our own sailwing water-
pumper, Big Red, and built a duplicate in Boston
for the Boston Urban Gardening program. He has
also traveled about visiting other windmill sites and
windmill people and has taken courses in building
windmills, so it is obvious that his writing springs
pretty directly and recently from his own experience.
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AWater—Pumping Windmill Primer

Gary Hirshberg

Most readers of The Journal of the New Alchemists do
not need to be lectured on the merits of substituting
wind power for conventional energy sources. 1o a
believer, a windmill is more than an alternate energy
device. It 15 a key to independence and self-suf-
ficiency--an inspiration and a banner declaration of
new attitudes. It's sexy and lots of fun.

Because most of us alternative-minded folks are
alrcady convinced, all we really need is to have our
heads pointed in the right direction. As with any new
technology, weneed a theoretical understanding of the
device, an cconomic perspective on the application,
and, perhaps most important, a reasonable and current
dose of product knowledge in the appropriate field(s).
These foundations having been laid, the requisite in-
formation for installing and maintaining a wind SVS-
tem comes casily.

This article attempts to give you some of the foun-
dation in cach of these arcas. I shall discuss the com-
parative advantages of water-pumping windmills and

look briefly at their use through history. I shall ex-
amine the parts of a typical water-pumping windmill
system and will discuss how to select a mill for a
particular application. Finally, I'll share a few “tricks
of the trade” as to erecting and maintaining a mill.

Wind-powered water pumping is dependable. A
properly installed and maintained wind-powered pump
can give over forty years of reliable service. Recently |
dismantled an 1893 Corcoran mill that was still pump-
ing after eighty-six years. A regreasing and the replace-
ment of a few parts has it in shape again for at least
another cighty.

Water pumping with wind is cheap, and needless to
say, with escalating fuel costs, the relative savings will
be increasing over me. In 1973, Prof. Stephen Unger
of Columbia University published a note in the New
York Times in which he analyzed the economics of
clectric pump vs. windmills. He found thar a typical
water-pumping windmill costs 509 less than a com-
parable electrical submersible pump over the lifespan
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of the mill, which is rated conservatvely at twenty
years.!

As I hope this article will make clear, wind-powered
water pumping is easy, requiring about the same skills
it takes to perform home plumbing tasks, or to build a
small shelter.

And finally, harnessing the wind for your energy
needs is inspiring and joyful. The gentle, steady sweep
of moving blades and the trickle of water from your
well gives a sense of independence, responsibility, and
an attunement with (Gaia and her delicate richness. For
most of us, the transition to a wind-powered water
system can be simple and reassuring. For thosenot yet
prepared to separate themselves from conventional
power sources, or for those with marginal winds, a
number of efficient and low-cost compromises are
available.

WINDMILLS VS. WIND GENERATORS

For the windmill neophyte, let’s first distinguish wind-
mills from wind generators. Windmills are machines
that capture the energy in the winds directly for such
mechanical work as water pumping, grinding, com-
pressing air, etc. Wind generation, which involves the
transformation of wind energy to electricity can be
efficient but is generally more expensive and obviously
is more complex.

The current, near-exclusive focus on electrical gen-
eration cannot be taken as evidence of the superiority
or even the necessity of electricity for all wind energy
uses. The energy requirement for pumping water 1s
less than that for electrical generation. Water pumpers
are designed to operate in lower winds and at lower
power levels than wind generators,and thusareable to
operate in a wider range of locations. The hfting and
transporting of water is an appropriate use of wind
power because it is a direct mechanical application that
requires moderate energy inputs. Energy storage 1s
facilitated effectively and cheaply by storing water for
windless periods.

A less obvious advantage of direct wind-powered
water pumping deserves mention. Should a fire break
out in a house or workplace, one of the first items to go
1s electrical wiring. If that is the power that you are
relying on for water, to put it bluntly, your goose 1s
cooked.

A BRIEF HISTORY OF THE
WATER-PUMPING WINDMILL

The roots of wind-powered water pumping are noble
indeed. The first recorded mills are from seventh-
century Persia and were used for grain grinding and
irrigation. The first account of windmills in Europe

s Unger, “Disappearing Windmills,” Letters to the Editor, New York Times,
January 3, 1973.

dates from 1105 when a French permit was issued for
the construction of a water-pumping machine. A deed
from Normandy conrains the same report from 1180.
The thirteenth century saw windmills gain widespread
acceptance. In the fourteenth century, Dutch “scoop”
or “tower” mills came into use for grinding corn and
pumping water. [t is known that there were at onc time
approximately 9,000 wind machines in Holland, a
number so significant that in the carly 1600's the
Bishop of Holland claimed the wind as his own and
imposed an annual duty on windmill owners. (Even
the utilities have distinguished roots.) By the late
nineteenth century, there were more than 30,000 mulls
operating in Denmark, Germany, Holland and kng-
land producing the equivalent (in mechanical power)
of 1 billion kilowatt-hours (kwh) of electricity.?

The multibladed American windmill actually bears
little relation to the Furopean mills. During the period
of the great western thrust of the railroad, steam
locomotives needed dependable water supplies par-
ticularly in the remote, dry areas. With classic Yankee
ingenuity, a man named Daniel Halliday invented the
American multibladed mill in 1854. Unlike the ineffi-
cient Dutch scoop mill which was incapable of hifting
water more than 16 feet, Halliday's mills could draw
water from hundreds of feet below the surface. Hesold
thousands of these large diameter (25 foot) machines.
In 1886, Thomas Perry came up with a model for an
aerodynamic blade, a design that has not heen im-
proved upon even by the most sophisticated computer
projections. Perry’s model has been 1n use ever since.
The period from 1880 to 1910 saw over 100 manu-
facturers in the windmill business. Between 1880 and
1900 the combined capital investment in the American
windmill industry grew from less than $700,000 to
$4.3 million.3 Since almost all the machines were open-
geared, the cowboys on large ranches were sent out
each week with oil-filled saddle pouches, or with
corked whiskey bottles filled with replacement grease,
to keep stock-watering mills in good shape. Most
cowboys detested these machines as they did all
mechanical devices  (“can't cat a windmill when
things get rough™).

In 1915, the Aermotor Company of Chicago pat-
ented the first self-oiling machine which simply en-
closed the open gears under a water-resistant casc.
‘This carly and decisive advantage catapulted Acr-
motor into being the most widely distributed machine
in the history of the business, accounting for 709 of
all sales 1n the 1920's. Windmills continued to boom
until the early 1930’s when rural clectrification prom-
ised (deceptively) cheap power to every home and

2 Wilson Clark, 1975, Energy For Survival, Garden City, N.Y - Anchor Books, p. 521.

3 “Windmills in Foreign Countries.” Special Consular Reports, Vol. 31, U.S. De-
partment of Commerce and Labor (Washington, D.C.: Government Printing
Office, 1904), p. 17.
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farmstead. The electric-pump people must have fol-
lowed closely behind the electric-line lavers, for the
windmill busiess dropped with a subsequent sudden
crash. There are still a few hundred thousand mills
standing ourt there, and a fraction of them are still
pumping. Now, thanks to skyrocketing energy costs,
Three Mile Island, and a general dissatisfaction with
helpless dependency on the power grids, water
pumpers are starting to sell again around the country
and around the world.

THE WATER-PUMPING WINDMILL

Fxcluding the well and storage facilities, a current
water-pumping windmill consists of most of the basic
components shown n Figure 1. These are:

The Wheel or Rotor Assembly

The wheel 1s the part of the machine that catches the
energy of the wind and converts it to rotary mechani-
cal power which is available for work. Wheel diameter
15 a critical factor in determining the appropriate ma-
chine for your needs. The diameters of commercially
available wheels range from 6 to 16 feet. In some cases
20 foot wheels are available. T shall discuss how to
choose the correct diameter in the next section. The
power of a wind machine is proportional to the square
of the diamcter of the blades. If the diameter of the
blade 1s doubled, the power output is therefore quad-
rupled.

The overall power conversion efficiency of the large
surface arca water-pumper wheels 1s much lower than
the sleck aerodynamic blades of a high-speed wind
generator. Most water pumpers are designed to furl
out of the wind at 35 rpm. Such wheels are designed to
produce high torque at low wind speeds, however, and
therefore are well suited to direct mechanical applica-
tions.

The Gear or Transmission

The wheel connects to the gear which converts rotary
motion mto vertical motion for pumping. Typical
gear ratios are 4:1, that 1s four rotor turns for one
pumping stroke. Most modern water pumpers have
closed gearboxes and require only an annual oil change.

The Tail (optional)

Windmills can be either upwind or downwind ma-
chines. Upwind machines require a rail to keep the nose
or wheel into the wind. The disadvantage lies in the
cost of extra materials. The advantage of a tail 1s thatit
can be triggered by a spring connected to the gearbox
to pull parallel to the wheel in high winds. This self-
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The Components of @ Water-Pumping Windmill.

furling mechanism, which can be adjusted by the
spring tension, cffectively shuts down the mill and
prevents self-destruction in high winds. When the
gusts subside, the tension on the spring releases, the tail
opens out, and the wheel turns back into the wind. We
chose a downwind design for our New Alchemy
sailwing in spite of this asset, in an effort to develop the
lowest-cost water-pumping solution. I don’t know of
another downwind water pumper on the market to-
day.

The entire top assembly including the wheel, tail,
and gearbox are mounted on a turntable or shaft which
allows ortentation or yaw with changing wind di-
rection.

The Tower

The most important consideration for the tower is to
get the wheel above nearby wind obstructions. As a
general rule, the tower should be at least ten feet higher
than any obstructions to wind flow within 100 yards
of the mill. Commercial towers available from water
pumper manufacturers range in size from 2 { to 47 feet
in height. For higher towers, wind generator cata-
logues should be consulted.

The tower must beabsolutely plumb and the tower-
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top platform level, or the lifetime of the machine will
be drastically shortened. Needless to say, the tower
must be strong enough to support the wheel mounted
on it and to withstand the maximum anticipated wind
stresses. Manufacturer’s specifications are detailed and
precise. Should you choose an alternate rower, look
carefully at the stress specifications, and be very sure
not to cut corners. Cost savings vanish when the
machine has to be retrieved off the ground after a
storm.

When building your own tower, use only high-
quality bolts and hardware. On a well-built tower
every bolt should be in tension. Bolts from an old
tower may be fatigued and worn from rower stress and
shouldn’t be re-used. Consult an engineer or local
concrete contractor on footing specifications. On Cape
Cod, we use 3,500 pound compression concrete for
towers under 35 feet tall.

As to choice of building materials: wood looks nice,
but is functional only in dry climates like the South-
west. In locations with any moisture atall, it’s better to
go with steel. We've tried a number of wooden towers
(see the fifth Journal), but I don’t believe any of the
designs will last longer than eight years. Preserving
wood is an expensive and potentially poisonous way
to add a few years to your tower. On the other hand, in
the Southwest, I've seen redwood and other wooden
towers that are still sturdy after 70 years. But here we
have decided to go with steel. It’s dependable and
virtually maintenance free, and most steel towers will
outlive you. A final hint about towers: hoisting the
underground pipe assembly for repair and mainte-
nance is much easier if the tower height is a few feet

greater than the longest section of drop pipe and pump
rod.

The Well Seal and Pump Rod Assembly

The submerged positive displacement pump or piston
pumps are generally the cheapest and most versatile
water movers. Above-ground pumps that suck water
up are easier to install, but even the most efficient
suction pump can create a negative pressure of only
one atmosphere. Theoretically this means that at sea
level you can raise a column of water 32 feet by
suction, but, as it turns out, friction losses and temper-
ature changes render a suction pump incapable of
pulling more than 22-25 fect.

The linkage between the mill and the pump cylinder
is called the pump rod. The pump rod begins with 2
shaft that extends from the gearbox, through a swivel.
This swivel allows the upper rod to turn with the yaw
of the machine without rotating the entire pump-rod
assembly. This shaft connects to the red rod. Gener-
ally a wooden (ash is most common) 1” x 1” piece, the
red rod 1s designed to be the weakest link, or fuse, in
the system. I[f anything goes wrong above or below it,

the red rod will usually break, minimizing damage to
other more expensive or less accessible parts of the
mill. The red rod extends downward and connects to
the polished rod which passes through the packer head
or standpipe and the well seal. The well seal is just that,
a simple expandable cap designed to keep dirt, insects,
small animals, and other detritus from falling into and
contaminating the well and water supply. The pol-
ished rod is usually made of brass to reduce friction.
Brass serves to reduce corrosion as well, which 1s
important in a part that works in both air and water.

At the bottom of the pump-rod assembly 1s the
sucker rod, which connects to the pump plunger or
leathers. Shallow wells (less than 100 feetr) will gener-
ally use cheaper, solid steel rods. One-hundred to 250
foot wells will use hollow “Auirtite’” rods for buoy-
ancy, and those deeper than 250 feet make use of light,
buoyant oak or ash rods.

The Drop Pipe or Pump Cylinder

Usually the well driller cases the well. This 1s a must in
sandy terrain like Cape Cod. The drop pipe, which can
be a good grade galvanized pipe of any size, is then
lowered to the desired depth. The drop pipe screws
into the pump cylinder at the bottom. At the top it is
screwed 1nto a tee or coupling which keeps 1t from
dropping into the well. The drop pipe should be
slightly larger than the cylinder to permit removal and
replacement of the pump leathers without having to
pull up the whole pipe. It is important that the drop
pipe be smooth on the inside, otherwise, replacement
leathers will be damaged when the plunger 1s lowered
back into the cylinder.

You can purchase either open- or closed-top cylin-
ders. The closed-top cylinder is less expensive but
since the plunger and leathers can’t be pulled out to
release the water in the drop pipe, you will be forced to
pull the entire weight of the water column to replace
the pump leathers. This comes to about five pounds
per foot of two-inch pipe and can only be used in
shallow wells.

The plunger diameter and length of the plunger
stroke are major factors in the windmill's pumping
capacity. Standard cylinders range from 1% to 4
inch diameters. It is best to stick with a 1% inch
cylinder if possible, to permit leather removal through
a standard 2 inch drop pipe. Pipe costs can scale
rapidly above 2 inch diameters. In my area, 2 inch is
$3.19/foot and 2% inch 1s $4.80/foot, a 50.59%, in-
crease. The stroke of the windmill is the distance that
the plunger moves up and down. A short stroke
enables the windmill to begin pumping in light breezes,
but in stronger winds a long stroke allows for greater
volumes of water to be pumped. Many gearboxes are
designed to permit stroke adjustment.

It 1s usually wise to put a screen just below the
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cylinder to prevent sediment from entering the cylin-
der and damaging the leathers.

The Packer Head or Stand pipe

Once water 1s lifted, it 1s pushed through the drop pipe
to the surface, and out through a tee or discharge pipe.
Before discharge, water can either continue to be lifred
into a standpipe (Figure 2), or can be diverted at a seal
on top of the drop pipe known as a packer head. The
standpipe 1s used when water is being delivered hori-
zontally to storage. The height of the standpipe de-
pends on the desired head or pressure needed to trans-
port the water. When water is being delivered to an
elevated storage tank, or when a seal is desired over the
drop pipe to guard against contamination or vandal-
ism, a packer head must be used. The packer head is an
inexpensive fitting that seals the drop pipe and pre-
vents overflow. Needless to sav, in freezing condi-
tions, the use of a standpipe would be foolish. The
packer head would need to be protected in an insulated,
underground housing.

TRANSPORT AND STORAGE OF WATER

Once water has been brought to the surface, what
next? How do you get it to the desired end-use
location, at the optimal pressure and necessary flow
rate? This section will touch on the types of options in
this phase.

Whether water has been lifted by suction, or by
positive displacement, the best way to build up water
pressure is to raise the water to a greater height than
the place of end use. This can be done by pumping it to
a tank either on a nearby hill or elevated on a rower.
Every foot of elevation gives you about .43 pounds of
pressure per square inch (psi). In other words, 1t takes
2.3 feet to get one psi. Most household applications
require 18 psi, or about 41.5 feet of head.

The easiest way to pump water into a raised tank is
to extend the drop pipe to a height greater than that of
the top of the tank. The upper limit of a standpipe is the
height of the pump-rod swivel, or the top of the tower.
The disadvantages of this system are thar it eliminates
the fuse or red rod, and in addition it limits transport to
pathways below the height of the standpipe.

If clevation is a problem and vou don’t want the
hassle of constructing a tank, you can always use the
simple and proven scheme of moving water to an on-
the-ground holding tank that is coupled to a pressure
tank through a small electrical centrifugal pump. In
this way, the windmill still performs the major work of
bringing water to ground level, and electricity is needed
only for the relatively minor job of building up pres-
surc. The larger the pressure rank, the less often the
centrifugal pump will have to operate. The pressure
tank should be close to the house to save on the amount
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A Water-Pumping Windmill with Stand pipe.

Figure 2.

of larger-diameter pipe required to handle the pressure
rank outflow.

Pipe frictions must be considered when choosing
the proper size plumbing for water transport. This isa
matter of assuring that the psi is still adequate after
friction losses in transport. Consult a standard sched-
ule 40 steel-pipe friction chart or talk to your local
plumbing supplier to avoid this simple but potentially
costly error.

Elevating a storage tank is not asawesome a task as it
might seem. A 5,000-gallon tank can be rolled up a
moderately sloped hill by several people. You can pull
a tank on to the tops of driven posts with block and
tackle, and then build a platform underneath. Another
simple scheme involves gradually building up the tank
from underneath with alternating railroad ties.

The simple rule of thumb in tank selection seems to
be in accounting for worst case demand. You can
assume a daily rural per capita need of 50 gallons. In
the Southwest, windmill people consider a ten-day
stored supply safe. You'll wish you’d planned for
excess storage capacity if a fire should break out. You
should always plan for enough head to wet down your
roof.
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SELECTING THE MILL

Decisions about the proper mill are based on three
basic considerations:

1. How deep is the water (of how much life is required)?
2. How much volume is needed?
3. How fast does the mill have to pump?

Wells and well technology are beyond the scope of this
article. Therearea number of do-it-yourself techniques
for building wells. The VITA manuals are excellent
guides for such schemes.* Depending on circumstances,
you can drill, drive, or dig your own well. It 1s
sometimes best to hire this job out. Professional well
drillers can get the job done in a short time. The driller
should tell you the drawdown or the rate at which the
water is replenished at different depths. This 1s more
critical in high-speed, high-volume electrical pumps,
but it 1s useful information if you are coupling 2
submersible pump with your windmill.

Once you have your well, you need to determine
the depth to water, and to add ten feet for pump
submergence. Then calculate how high you need to
lift the water to obrain the necessary end-use pressure.
The distance from pump depth to the upperheightis the
total elevation (see Figure 3). Again, the required lift
can be calculated by determining desired end-use pres-
sure and multplying by 2.3 to get the mimmum
necessary storage height. With the answer to this
question you have your necessary head.

The required water volume can be computed by
consulting plumbers, farmers, or neighbors. Plan for
water use beyond per capita needs, as coverage against
fires, etc. Finally, calculate the worst case rate demand,
remembering that storage can help save on this item.

When you have these three figures, you are ready to
pick the windmill best suited to your circumstances. [
shall discuss four models currently available: the New
Alchemy Sailwings, the Aermotor, the Baker, and the
Dempster. Two other water pumpers are available
commercially: they are the Bowjon, alow-volume air-
lift pump, and the Sparco, a small (58 pounds) low-
volume machine. As of this writing, [ have had no
personal experience with the latter two mills, and am
unable to comment on-their performance. Addresses
are included at the end of this article, however.

New Alchemy has designed, developed and demon-
strated two successful, low-cost, water-pumping wind-
mills. Our sailwing windmills (see the fifth Journal)
were developed to meet the need for a low-cost,
reliable pump that could be constructed using Jocal
skills and readily available materials. One mill 1s
currently operating a low-lift (5 foot), high-volume
aquaculture pump on Cape Cod and the other, imple-
mented jointly with the Arca Foundartion and the Zen

4See in particular: The Village Technology Handbook, 1970 by VITA, 3706 Rhode
Island Avenue, Mt. Rainier, MD 20822.
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Figure 3.
Total Elevation and Total Discharge Head of @ Water-
Pumping Windmill.

Center, is irrigating a farm valley in California witha
high-lift (130 foot), double-acting piston pump. Both
mills cost under $1,000 to construct with pumps. This
figure could drop proportionally with resourcefulness.

The sailwings are proven, reliable machines. There
are several vital considerations in choosing whether to
employ this design, however. The mills are notavaila-
ble commercially, although the plans are yours for the
asking, and the mill thus yours for the building. A
second consideration is that, unlike commercial water
pumpers, the sailwing does not have an automatic
furling mechanism for high winds but must be hand-
furled to prevent damage in winds over 40 mph, which
means that it is less capable of operating independently.
If yvou want to cut costs and build your own machine,
are willing to tend it and to remain nearby, I recom-
mend the sailwing highly. Aesthetically, 1t has every-
thing else beaten cold.

On the other hand, theconvenience of “off-the-shelf”
windmills and replacement parts may be worth the
extra costs. Baker, Dempster and Aermotoraretheonly
active, commercial, meral mulubladed water pump-
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ers on the market today. Each 1s proven and reliable
with long anticipated lifespans.

Aermortor is by far the largest manufacturer and
accounted for 80-909% of all windmill sales in the late
1920’s. They have since moved their factory to Ar-
gentina, and it is no secret in the industry that the
quality has been reduced in the move. They are cur-
rently known to be cracking down on deficiencies, and
do offer marterials and workmanship guarantees for
one vear. Baker mills, which are manufactured by
Heller-Aller, are less costly than Aermotor and have
excellent sales and service people and also offer a one-
year guarantee. Dempster too makes an excellent ma-
chine, and offers a limited five-year parts and construc-
tion warranty.

Fach of these companies provides elaborate and
detailed literature on how to select the correct model
and size for your needs. Figure 4 1s a typical chart of
pumping capacities ina 15 mph wind. It shows that by
mixing and matching various windmill and cylinder
sizes you can come up with a combination that best
meets vour neceds. It is important to note that this and
stmilar charts are based on the long stroke of the wind-
mill. This 1s done in order that the respective manufac-
turers will look their best on paper. Anadjustmenttoa
shorter stroke will result in a reduced pumping capac-
ity, but the mill will start up in lower winds. Since few
of us ever sce 15 mph gverage winds, it 1s better to
choose from the chart on the basis of short-stroke
measurements if thev are available. Aermotor’s pump
chart, for instance, indicates that a change from the
long to short stroke will ncrease your celevation by
onc third and will reduce vour pumping capacity by
onc fourth.

The best rule 1s to pick the largest wheel and the
smallest cvlinder for vour situation. This not only
allows for start-up m low winds, but mimimizes the
mechanical strain on the svstem as well. Yet another
critical consideration is that if winds are 12 mph on the
average, the mill’s capacity 1s reduced by 209, and in
10 mph average winds, the capacity 1s reduced by

Figure 4. A Typical Chart of Windmill Pumping Capacity
Wind Rotor Diameter

Cyl. 6 [t 8 f1. 10 fi 12 ft. 14 f1.
Size Elev. GPH* [ GPH E GPH E GPH E GPH

1% 120 115 172 173 256 140 388 180 580 159
2 95 130 135 195 210 159 304 206 455 176
Ma 75 165 107 248 165 202 240 260 360 222
2% 62 206 89 304 137 248 200 322 300 276
2% 54 248 77 370 119 300 173 390 260 33

3 45 294 65 440 102 357 147 463 220 396
e 39 346 55 565 86 418 125 544 187 465
o 34+ 400 48 600 75 487 108 630 162 540
3% 29 457 42 688 63 5358 94 724 142 620
+ 26 522 37 780 57 635 83 822 124 706

* Gallons Per Hour

approximately 389 It is essential that you know your
winds.

Needless tosay, tower height comes into play in this
figure and you should select the tower accordingly. It
1s best to purchase the tower that 1s manufactured for
vour chosen windmill.

If, for example, you have a demand for 250 feet of
head and 800-1,000 gallons of water per day,andifthe
wind averages 10 mph for five hours perday, you will
have to choose a 12-foot mill witha 1% inch cylinder.
[f the same site were subject to 12 mph winds for five
hours per day, a 10-foot mill on a lighter-weight,
less-expensive tower would be sufficient. This means
a cost of about $1,000 less for the wind speed increase
of 2 mph. Of course costs could also be cut $1,000 by
halving water consumption, but the point is, to know
vour winds, and to think hard about your water use.

Joe Carter, of Wind Power Digest, calculated that
according to local pump dealers, a typical submersible
pump for this application would cost about $900 in
1979. Operating costs would amount to about 2 kw for
onc hour per day at §.05 kwh, or $36.50 per year. If you
add in the lifespan of the pump which, on the average,
is six vears, with a replacement cost of 40-509, vs. a
20-year conservauvely estimated windmill lifespan,
after 20 years you will have replaced three submersi-
bles, costing about $1,215. Taken together over 20
vears with a 79, electricity price inflation you have
$132 per year in the twentieth vear for the submersible
compared to 820 to $80 per year for the windmill,
depending on maintenance costs. This crude analysis
supports Unger’s findings.

One final note on selecting the mill: Don’t discount a
windmill just because your well 1s not at a great wind
site, or for that matter ina place (like under your cellar)
where it would be hard to locate a tower. Windmills
can be fairly versatile and in some cases can be offset
many feet from the actual water source (Figure 5).
There are simple techniques for combining a submersi-
ble electric pump with a windmill. You can use a
gasoline or electric-powered pump jack for emergency
back-up pumping power. A large milland a small mill,
or booster mill, can be employed in tandem to give
added capacity for transporting water over large dis-
rances. Windmills have broader application than most
people realize.

ERECTING YOUR WINDMILL
The best first step is to sit down and try to think
through the entire process of erecting the mill. Good
planning can save time, money and extra trips to town.
The well should be built first, and the water tested
right away. Then yvou can assemble the basic tools
necded for the job. These include lots of heavy rope,
some pulleys and chain, hammers, wrenches, vice
grips, drift punches, screwdrivers, shovels (maybe a
crowbar), pipe wrenches and pipe dope (affection-
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Figure 5.
A Water-Pumping Windmill with an Offset Pump.

ately known as turkey shit at our plumbing supply
shop), and a good tape measure. A transit will help for
leveling the tower although a long level can do the
trick.

Once the well has been cased, the fun of putting in
the cylinder and drop pipe begins. Invite a few friends.
This is definitely not a one-person job.

You can either build your tower now or else build a
temporary platform for raising your drop pipe sec-
tions vertically before they go down the well. We'll
get back to tower construction shortly.

For the moment, first connect the cylinder and
screen (mever, mever, nmever put a wrench directly
on the cylinder—grab the coupling) and screw in the
bottom section of drop pipe. Apply pipe dope liberally
to the threads; it pays over the long run.

Lowering the drop pipe 1s both exhilarating and
nerve-racking. It takes a lot of patience. If you are
unfortunate enough to drop a section down the well,
you are sidetracked into an auxiliary excursion into
fishing for it which, at this juncture, is no funatrall. Tie
your tools to your belt, and keep all possible contami-
nants away from your well casing. One easy way to
lower pipe is with an angled bite with a pair of pipe
wrenches. You can also use a pipe holder, or a pipe
clevis. These hints take on added significance with
each added pound of pipe that you lower into the well.

Attach each pipe section with great care so you don't
have to pull 1t all back up again. Once vou've reached
the desired depth, fasten on a tee and rest the whole as-
sembly on the lip of the casing. A typical installation
will have at least one pipe section below the water table
as msurance against drawdown. If you are coupling a
submersible into the system, then be sure to have the
well people calculate drawdown for different depths.

At this point, you can choose either a standpipe or a
packer head. Right now I'll assume you are choosing
the more common, latter strategy. The next step is
seating your bottom check valve and connecting up
vour pump rod.

Seating vour bottom check 1s as simpleas dropping it
down the drop pipe (literally) as long as you do it right
side up. Make sure the threaded side is up and the valve
is clear of cotton or paper ball protectors. The threads
are useful when leather replacement becomes neces-
sary, as we'll discuss m the last section. Drop the
plunger down the pipe, and listen for the thud. Now
artach the upper check to the successive pump rod
sections and lower away continuing to add until you
are near the top of the well. Slide the packer head over
the rod and tighten 1t on to the drop pipe.

Now you are readv to erect the tower.

Directions for raising the tower are well explained in
the manufacturer’s specifications. The key is to be cer-
rain that the surface over the well casing 1s level. The
slightestangle willdamagethe pumprod, and definitely
affect the mill's performance.

Most tower footings are about four feet deep. One
construction method is to build the tower piece by
piece, to level and plumb, and then to pour theconcrete.
Another 1s to build the tower on its side and gin pole it
erect and into place. [ recommend the first method as
1t 1s easler to square up the tower. Liftng the rig is
generally a more hazardous and expensive operation,
requiring a truck, tractor, or crane.

The goal, in etther case, 1s to get the tower vertical and
into its holes. Shim it to level and pour the concrete.
Give the footings a day to set and you are ready to lift
the machine. Again, you can use a crane, or heavy
machine if one is available, butitisn’t necessary for the
average water pumper.

If vou are a bit more adventurous (or poor), get a
sturdy piece of three-inch pipe and chain it firmly so
that you have abourt six or eight feet above the tower
top. Block it at an angle so that the pipe end is directly
over the tower center, but the pipe will not obstructthe
machineasitislowered into the top fittings. Attach the
block and tackle or pullev and thread through the lift
rope before voustand the pipe up, or vouarcliableto be
shinnying up some time later. The manufacturer’s
directions should take over fromhere. Greasethe gears,
and pull the machine up. A guide rope is uscful to help
keep the machine awav from the tower during the
ascent. One person ropside should be able to guide the
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machine into 1ts supports. Now vou can fill the crank-
case with oil and attach the brake, tail, and furling
mechanism. Assemble the wheel with careand attention
to the order of each part. The sail parts should be
weighed if they are not marked accordingly, to assure a
balanced rotor. Line up the parts carefully to avoid
wobble later on. Tighten it down slowly, rotating the
wheel around a few times until it’s been tightened
evenly and firmly.

To connect the machine to the pump rod, turn the

>
Photo by Hilde Maingay

wheel to the botzom of the pump stroke, furl it out of the
wind, and attach the pump rod and swivel. Whilesizing
up the red rod for proper length, make sure that the
pump rod s blocked at least two inches higher, so that
the top cylinder leathers will not touch the bottom
plunger. Cut the sucker rod and through bolt itin. Itis
best to give the wheel a few manual turns to guarantee a
smooth and unobstructed stroke. With a little luck,
water should be soon forthcoming. Hook up the lines
and you are set to go.
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MAINTENANCE

As for an annual maintenance check, a few tricks will
suffice. Always use SAE 7 weight non-detergent vil for
gear lubrication. A thicker oil will gum up and spill out,
and will also allow metal fragments to float about in
suspension, rather than sinking harmlessly to the bot-
tom of the case. When changing the oil during the
annual tune-up, a magnetic drain plug can be useful for
picking up fragments. Clean the pan with kerosene,
drain and refill with fresh oil. Check bearingsand gears,
and if one of a pair is broken, replace both. This insures
against uneven stress and wear over the machine’s
lifetime. The annual tune-up should include a complete
tower retightening.

When and if you ever need to replace the leathers,
simply let the upper check down into the lower check
threads, twist, and pull out. Be careful not to bend the
pump rod and remember, disassemble as each coupling
emerges from the well. Always coat new leathers with
vaseline or a similar nontoxic lubricant. Give the new
leathers a chance to soak and swell, and again, give the
mill a few turns before unfurling, as a quality control
check.

Once operational, it is still a good idea to familiarize
yourself thoroughly with the manufacturer’s charts
and parts lists, or inthe case of the sailwing, to reread old
Journal articles. Two excellent sources of information
can be found in a series on water pumping by Joe Carter
of the Wind Power Digest staff (issues 14,15,16-—1979),
and in an excellent booklet put out by the New Mexico
Energy Institute in Las Cruces. The author of this
booklet, called Selecting Water Pum ping Windmills, is a
gruff but charming fellow named M. [. “Ras” Ras-
mussen. Ras teaches a top notch, two-weeks, hands-on
course on water pumping windmills twice each yearat
New Mexico State University, which is a must for
anyone who’s contemplating a futurein this business. It
is a first-class learning experience taught by a true

master, and 1s the only course of its kind any where in
the world.

A few other useful addresses are included to help vou
on the road to water self-sufficiency.

Good Luck!

USEFUIL ADDRESSES

Aermotor

Division of Valley Industries
P.O. Box 1364

Conway, Arkansas 72032

Baker

The Heller-Aller Company
Perry and Oakwood Streets
Napoleon, Ohio 43545

Bowjon

The Bowjon Company
2829 Burton Avenue
Burbank, California 91504

Dempster

Dempster Industries Inc.
P.O. Box 848

Beatrice, Nebraska 68310

SPARCO
Distributed by Enertech
P.O. Box 420

Norwich, Vermont 05055

Wind Access Caralogue
Wind Power Digest
54468 CR 31

Bristol, Indiana 46507

Windmill Course

New Mexico State University
Agricultural and Extension Education
P.0O.Box 3501

LLas Cruces, New Mexico 88003

12 The Journal of the New Alchemists



Drawing by Jorge Bueno

An Integrated Wind-Powered System to Pump,
Store, and Deliver Heat and Cold

Joseph Seale

Energy comes in many forms. Armospheric wind
energy 1s kinetic energy, the energy of mass in motion.
The best-known way to harvest this energy and chan-
nel it to human use is with sails or airfoils such as we see
on sailing ships, glider planes, and windmill rotors.
Sails and airfoils transform the kinetic energy of the
wind 1nto mechanical energy, or work, which is force
exerted through a distance, or equivalently twisting
force (torque) exerted through an angular distance.
For example, mechanical work pumps water by exert-
ing force on a piston through the distance of many
strokes, or mechanical work grinds grain by exerting
torque on a millstone through the angular distance of
many revolutions. These two examples are traditional
windmull tasks.

In 1978, starting from first principles of physics and
cconomics, I set out to identify and describe a practical,
wind-powered system that might fulfill a widespread
human need and to determine to which uses windmill
energy 1s best adapted. The solution stems in part
from the starting form of energy, which is mechanical,
and depends on where wind energy is obtained which
is usually on the top of a tower, and also on the distance
of the windmill tower from a location of end use. The
solution further depends on the variable availability of
wind energy over time and consequently on whether a
rask can be performed at irregular intervals, as, for
example, pumping and milling, so that the result of the
task such as pumped water or flour can be stored, or
whether the encrgy of the mill instead must be stored
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in order to perform the task on demand.

This paper documents the outcome of my search: a
heat/refrigeration pump and thermal storage system.
The one that follows documents a dead-end attemprat
an air compression heat/refrigeration pump and me-
chanical energy storage/recovery system that eventu-
ally evolved into the current concept. Started afresh,
this same kind of search could probably lead to entirely
different viable systems and many other dead ends as
well. Much of the message of this paper concerns not
the particular system but the process of breaking with
traditional assumptions, as will be necessary time and
again in many contexts in order to build a sustainable
economy based on renewable resources.

If the concepts described in this paper continue to
prove successful (a big “if,” knowing how easily small
matters can trip up the best thought-out plans at any
stage of development), we hope they will lead to sev-
eral years of applied research, design, and develop-
ment, culminating finally 1n designs mature enough
for manufacture and widespread practical use. The
reader 1s warned against believing that the seemingly
simplest concepts are simple in execution. There are
many ways to build systems that work poorly, briefly,
or not at all, and comparatively few ways to build
systems that pay for the trouble, materials, and energy
of construction. Fortunately, those “comparatively
few” ways are still an infinite number.

THE PATH SUGGESTED BY
THERMODYNAMICS

Energy production and energy use have become in-
creasingly specialized and separate. And yet from the
perspective of whole systems, effectuvely integrated
energy systems require attention to the detailed nature
of both energy resources and end uses. The recent
abundance of energy has created no historical demand
for such attention. Our maladaptive habits linger onso
that concern for energy in our society 1s still overly
abstractand quantitative at a time when effectiveenergy
strategy demands attention to particular and qualita-
tively different tasks. In the case of wind energy, the
current near-exclusive focus on electricity generation
cannot be taken as evidence of the superiority of elec-
tricity for all wind-energy uses.

Electricity is an energy form that is easy to control,
transmit, and convert to many other forms. Thermo-
dynamically, electricity is a zero-entropy energy
form, which, by definition, means that its unavailabil-
ity to do work 1s zero. In principle, electricity can be
entirely converted to mechanical work. As the ther-
modynamic definition suggests, mechanical energy, or
work, 1s the fundamental standard against which
physicists measure the quality of all other forms of
energy.

Since the energy delivered directly by a windmill

rotor is mechanical work, one question arises. Might
that form of energy be used directly to perform some
task of major economic significance rather than being
converted to electricity? The answer 1s emphatically
ves. In the United States, fully 359 of delivered
energy (strictly, enthalpy, which is gross energy with-
out regard to quality of the end-use form) takes the form
of heat to warm things and cold to cool things to
temperature differences from the surrounding environ-
ment of less than 100°C. (180°F. differential).! The
most energetically efficient known method to move
heat across such small temperature differentials 1s by
mechanical heat pumps.? Because of its high thermo-
dynamic quality, oneunitof mechanical energy driving
a heat pump can move several units of low-quality
thermal energy, the actual quantity increasing as tem-
perature differential goes down. Depending on condi-
tions, one unit of mechanical energy can move two to
four units of thermal energy, resulting inan equivalent
refrigeration of two to four thermal units, orarefrigera-
tion coefficientof performance (C.O.P.)of twoto four.
Theresulting heating onthe otherside of theheat pump
1s one unit greater, three to five thermal encrgy units,
since the energy that drives the heat pump appears as
extra heat output. (Norte that usage of the term “‘heat
pump”’ here includes both refrigeration and heating
applications. Some authors apply the term only to
heating end-uses while calling the same device a
refrigeration unit when cooling 1s the end-use.)

THREFE PRACTICAL HURDLES

While windmill rotor power 1s 1deally suited to heat
pumping on theoretical grounds, there remain three
major practical questions to be answered.

Transmiission

The first question concerns transmission. Can heating
and refrigeration be delivered to where they are needed
in a direct and efficient manner? For short to medium
range applications (up to a few hundred meters or a
kilometer, depending mostly on scale), the answer 1s
ves. Any vapor-cycle refrigerant canserveas a medium
to carry heat from the place where it evaporates and to
deposit hear where 1t recondenses. Heat pipes uthze

1 Amory Lovins, Soft Euergy Paths: Toward A Durable Peace (1977, Friends of the
Farth, Inc. and Ballinger Publishing Co.) pp. 80. 81. Figures for other countries run
cven higher. 37¢ for France, 39 for Canada; 50 for West Germany; 556 for
United Kingdom.

2 See Hear Pump Technology, Junc 1978, prepared for the U.S. Dept. of Enérgy, pp.
ii-v. The result is given for electrical heat pumps, whose efficiencies are lower than
for mechanical heat pumps because of minimum 10¢7 (3-phase) or 159 (single-
phase  clectrical-to-mechanical conversion losses (ibid., p. 48). The study shows
that in terms of primary energy, i.c. fuel burned at the clectrical power plant, electric
heat pumps are not big fuel savers or money savers. Electricity generation,
distribution, and conversion losses totaling 709 eliminate the major advantages of
the final mechanical heat-pumping step. Fortunately, none of these losses apply to
direct windmill-driven heat pumps.
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cvaporation, vapor transport, condensation, and capil-
lary or gravitational liquid return to transport heat
efficiently in this way. A vapor-cycle heat pump is
essentially a heat pipe in which vapor flow is boosted
mechanically to cause heat to flow “uphill” against a
temperature differenual. Insulated pipelines carrying
refrigerant gases are a practical means of hot and cold
delivery over moderate distances. The mechanical
work that moves the gases can rake place in a tower-
top compressor linked directly or through gears to a
windmill rotor shaft, and pipelines deliver the end
products (hot and cold) to chosen destinations.3

Storage

The sccond question is, can heatand cold be stored ata
practical cost for use in periods of insufficient wind?
For many thermal end-use applications, thermal stor-
age 15 much cheaper and simpler than any indirect
cnergy storage, such as electriciev-related storage. This
applics partcularly to the storage of cold, which is
accomplished through the fusion of ice or inexpensive
solutions with lower freezing points, as required.®
Practical storage-time increases with scale since large
objects have lower surface-area to volume ratios, hence
inherently longer thermal retention, than smaller ob-
jects. With a reasonable thickness of good insulating
foam, scasonal thermal storage becomes practical ona
moderate scale. For applications where uninterrupred
operation must be msured, significant investment in
long-term storage s justified. The alternatives are
cither to mvest in a much larger windmill rotor (casily
five to ten times the swept arca may be required fora
system with two weeks’ storage as opposed to ten
weeks' storage) to utlize light summer winds to meet
maximmum thermal load demands, or to invest in a
motor-driven back-up compressor. In contrast to re-
frigeration, space heating demands tend to be much
betrer correlated with strong winds, so heat storage
can be smaller. In addition, back-up heating svstems
arc much cheaper than back-up refrigeration compo-
nents.

Rotor Load Matching

The third queston 1s more subtle. Can a windmill
rotor operate cfficiently driving a heat pump, since the
avatlable torque from the rotor and the optimum rora-
tion speed vary constantly with windspeed? Unmodi-

3 In case of a compressor on a horizontal axis windmill rower-head assembly that
orients with changing wind direction, a two-way rotary pneumatic union is needed
to conneet gas flow to stationary down-pipes whileallowing the COMPressor to rurn
with the mill. Such devices are manufactured commercially.

4 Short-term cold thermal storage at freezing and subfreezing temperatures is com-
monplace in the food shipping industry. For an example of seasonal thermal energy
storage we need only recall the unrefrigerated ice houses that once “powered' ice
boxes in the northern United States throughour the summer.

fied, a compressor will exert a torque that is almost
independent of rotation speed. The optimum back-
torque fora windmill rotor should remain quite low up
to moderate rotation speeds and then increase steeply
with further speed increases. Statistical modeling of
performance of rotor/compressor combinations has
shown that for economical rotor types the rotor effi-
ciency loss 1s greater than 409, even assuming the
simple “fix’ of an automatic cdlutch to permit rotor
start-up without load.®

The most effective solution to this problem is a
special modification to the operation of a refrigerant
compressor to provide a low starting load and steeply
increasing high-speed torque. Electronically switched
clectromagnets control the closure of the intake valves
of the compressor cylinders, causing the pistons to
compress on some but not necessarily all strokes. At
low speeds, no compression takes place, so shaft torque
1s low. As speed increases, compression begins to take
place infrequently, then more and more frequently
until, at maximum speed and torque, every stroke is a
compression stroke. A flywheel smooths the jitter in
rorque when the pistons are alternating between com-
presston and no-compression strokes. The electronic
circuit 1s simple and operates entirely from the power
of timing pulses from a magneto turning with the
compressor shaft.

ECONOMIC PROSPECTS

No wind-power system has combined the three fea-
tures of refrigerant gas thermal transmission, thermal
storage, and compressor matching to windmill rotor
characteristics, into a working, self-contained energy
system. To our knowledge, no wind-power system
has used even one of these fearures. We believe that the
total system described will be cheaper than any simi-
larly advanced, total wind-electrical energy delivery
system with comparable energy capability plus stor-
age and/or back-up. Because of the additional advan-
tages of high mechanical-to-thermal energy gain and
cnd-usability of the system output, the proposed sys-
tem should be directly competitive with existing util-
ity-based thermal systems.® And for its price, the
e Computations by the author. Rockwell International, the contract monitor for the

Small Wind Encrgy Conversion Systems (SWECS) program at the Rocky Flats

plants, sponsored by the U.S. Department of Energy, is conducting a computer

based study of statistical performance in variable wind regimes of nonoptimum

compromise matches of rotors and loads. The author originally undertook this
study to evaluate alternative approaches to wind-powered hear pumps.

6 See footnote 2, particularly the 709 net losses from gross primary energy to electric-
ity delivered to the heat pump. Lovins (op.cit., p.88) shows that capital “Josses™ to
clectricity transmission, distribution, and T & D system maintenance are about as
severe as the rotal energy conversion loses of electricity production and delivery.
Only about 29% of residential electric bills in the U.S. and 55% of commercial
electric bills, pays for electricity. The remainder pays for delivery to the customer.
We find in this a strong argument for the long-range diseconomy of wind-powered
systems that rely on urility system energy back-up. The marginal costs to a utility in
equipment and extra capacity are high since the demand of such users comes all at
once, at the end of a long calm spell. See J. Seale, “‘Sun,Wind and the Power Com-
pany, " CoEwolutionQuarterly, Winter 1978/79, pp. 30-31.
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proposed system, in varying embodiments, will per-
form such diverse tasks as space heating; accelerated
drying of lumber, tobacco, raisins, etc.; air condition-
ing; food refrigeration and freezing; and ice man-
ufacture.

A FIRST EXPERIMENTAL EMBODIMENT

[.imited technological, financial, and the human re-
sources available at New Alchemy argue for a modest
beginning. We intend to concentrate mitially on ex-
ploring the novel aspects of the proposed system in an
easy-to-manage, small-scale demonstration using one
of our windmills and an air compressor modified to
match the characteristics of the windmill. The
compressor will be placed near the rotor and coupled
via insulated pipes to freezer and to aquaculture tanks
that are to be heated. Both are at ground level.
Insulation will be placed in hermetic sections of coaxial
pipe and the insulating space will be filled witha heavy
gas that affords better insulation than air. The freezer
itself will hold approximately two cubic meters (70
cubic ft.), about one-third of which will be filled with
containers of salt brine for subfreezing thermal
storage. Insulation thickness will be abut 30 cm. (one
fr.).

The food-freezing component will be useful for
scasonal crops and for the fish grown by New Al-
chemists, complementing on-going work and provid-
ing a demonstration of some of the major potential
applications of the system. Winter heating of aquacul-
ture breeding tanks by the heat pump will encourage
survival and reproduction for fish sensiive to cold
temperatures. Heat that leaks from the breeding tanks
will help buffer the climate in the Ark and should
enhance productivity in cold periods.

MARKET AND
COMMERCIALIZATION RESEARCH

In the carly stages we intend to direct amodest amount
of effort to exploring markets for embodiments of
the thermal system concept with commercial poten-
tial. We plan to spend comparatively little money at
this stage relative to what could be spent on a “rigor-
ous’” analysis. Rigor is illusory when it comes to pro-
jecting what investors will pay for technologies that
are not at the mercy of OPEC politics. More philo-
sophically, what an “analysis” says that people will pay
for renewable alternatives should not be the sole deter-
minant as to whether those alternatives become availa-
ble. Those who believe that human choice should
guide cconomics need to take on faith that people will
invest in well-designed equipment that accomplishes
nceded functions at an affordable cost in such a way as
benefits the future as well as the next five years.” Such

faith is scientifically unverifiaole, being part ofalarger
irreducible synthesizing force called human will.

The task of market and commercialization research
therefore will be to identify directions that are practi-
cal, uscful, and affordable, and to facilitate choices
among the most promising directions. I'he kind of
rescarch apparent in the deseriptions in the next seetion
should illustrate the kind of analysis to be extended in
the future.

TENTATIVE FUTURE SYSTEM
CONFIGURATIONS

There are two opposing constraints on the choice of
the embodiment of a system for initial development.
The commercial immaturity of large windmill rotors
implies excessive lead times to develop a large-scale
system. Conservatism on initial investments in a new
arca also favors smaller systems. On the other hand,
both commercial and engineering constraints, like the
short thermal-storage rimes practical in small systems,
as mentioned above, dictate that the system not be too
small. Listed here are the embodiments of four systems
in order of increasing minimum scale. For the first and
second, storage time is the scale-constraining factor.
For the third and fourth, commercialization constraints
dominate.

1. Dairy milk refrigeration combined with cattle wash-
water heating. Ice thermal storage, bio-gas back-up.
Sale of surplus gas. Option to use heat pump to achieve
pasteurization temperature before chill.

In New England an average dairy herd hasapproxi-
mately 60 cows, each producing an average of 15 kg.
of milk per day.® Specifications for a system capable of
handling such a herd in 4 meters/second (9 miles per
hour) annual average winds, and a reduced herd of 50
cows in 3.6 m./s. (8 mph) winds, demanda 10 m. (35
ft.) diameter rotor with a mechanical power capacity of
1,500 watts to the heat pump. For milk cooling com-
bined with wash water heat to 35°C. (95°F.), a cool-
ing cocfficient of performance (C.O.P.) of three 1s
currently achieved, along with a simultaneous heating
C.O.P. of four.? These figures are used for the above
specifications. Thermal storage consists of 55 metric
tons of icewater contained ina4m. x +m. x4m. (13 ft.

7 We¢ do not abandon our earlier contention that the best embodiments of the
proposed system will be economically superior to competing technologies in the
near-term, if whole-system economics is the criterion. But whole-system economics
is unfortunately not always market economics. Thus, weappeal roa higher wisdom
that must recognize unwise subsidies and simple avarice, and work in the context of
these realities to achieve sensible and humane economic goals.

8 ~ . e o 5 : % i
Dr. Stanley Gaunr, U.S. Agricultural Extension Service, Amherst, Mass.; personal
communication.

9 Dr. Louis A. Liljedahl, U.S. Dept. of Agriculture, wind energy specialist; personal
communication. Dr. Stanley Gaunt (footnote 8) also reports the rapidly growing
use of heat pumps for this application.
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on a side) water tank (inside dimensions) with internal
heat exchanger and milk tank. Insulationis 30 cm. (one
fr.) thick urethane or other foam. Effective storage
ume at full use load is 90 days, sufficient for eight-to-
one variation between the best and worst month aver-
age seasonal wind power fluctuation.'®

With a counter-flow heat exchanger and warm-
water storage tank it should be possible to exchange
heat passively from incoming warm milk to incoming
cold water, further reducing the work of the heat
pump necessary to achieve final temperatures, espe-
cally in winter when the incoming water 1s cold. This
combined with thermal storage could help improve
year-round efficiency by a substantial factor so that
the same windmill could service much larger herds, or
so that a much smaller windmill would do the same

job.

2. Rural community locker plants for freezer space vental
in possible conjunction with commercial food processing and
storage. Thermal storage at =2 1°C. (-6°F.) by freezing
a cutectic salt (NaCl) brine. Heat may be used for
nearby space heatng.

The windmill specifications are 1dentical to case 1.
Refrigeration C.O.P. estimate: two. Thermal storage
is also analogous: 55 metric tons of salt brine for 90
days at full use load with a high outdoor average
remperature of 30°C. (86°F.). Freezer interior dimen-
sions are 4 m. (high) x 5 m. x 7 m., with bottom 1.5m.
filled by a salt brine pool penetrated by refrigerator
pipes and passive heat pipes. Insulation 1s 40 cm. (16
in.) thick foam. User air lock. Design use load: 70
visits/day, two-minute stay, bringing in 2 kg. of food
every other trip (proportioned two parts meat to one
part fish to two parts watery vegetables, all presumed
to enter at outdoor temperature, e.g., fresh harvest or
slaughter).

For case 1, conduction loss through 30 ¢m. foam 1s
less than 109 of the total thermal load, which implies
that the diary system could be scaled down easily.For
case 2, conduction loss through 40 cm. foam 1s 609 of
the total thermal load, so that scale reduction would
demand more insulation to compensate for poorer
(larger) surface/volume ratio.

3. lce making plants for the fishing industry. 1t will be
practical to design for higher windspeeds at seacoast
sites, as contrasted with cases 1 and 2. [ce1s preferable
to refrigeration for fresh-fish preservaton since layer-
ing of fish and ice permits very rapid equilibration of
fish to near-freezing temperatures without danger of

wSee P. C. Putnam, Power from the Wind (Van Nostrand Reinhold Co., 1948),
pp. 90-91, for an example of seasonal variability in New England. The assumption
of eight-to-one variation is conservative (i.e., safe). The calculations makeasafety
allowance for a year with 25% less than average wind power for the site, also
indicated by Putnum’s data (same pages). Data is available to research these
assumptions much more rigorously.

freezing. Although heat can be sold for space heating
while allowing a refrigeration C.O.P. of three, heat
could be rejected to ocean water at a much lower
temperature, permitting a refrigeration C.O.P. of ar
least five.

To justify the investment in harbor space, dock,
loading equipment, etc., to service large fishing boats, a
minimum commercial-scale ice plant might need to
produce 2,000 tons/year.” Although this implies al-
most ten times the annual output of systems 1 and 2,
several factors combine to keep the necessary rotor
size down. With the availability of good seacoast wind
sites, a reasonable designminimum average windspeed
is 5 m./s. (11 mph) instead of 3.6 m./s. (8 mph). With
condenser rejection to ocean water, a refrigeration
C.O.P. of five 1s assumed. And the safety margins
necessary, sav, for a food locker with valuable con-
tents and high cost of a thaw, will not be necessary for
an ice plant that might have to lose a small fraction of its
regular customers to a non-wind-powered competitor
in a vear with below average winds.

With these considerations, rotor sizc comes to 15 m.
(49 fr.) diameter with a rated mechanical power of
10,000 watts. Storage capacity will depend on sea-
sonal demand fluctuations as well as scasonal wind
variability.

4. Kiln drying of lumber or tobacco. (Similar systems
would be applicable to food drying, but as of this
writing the author lacks concrete experience of food
drying requirements on which to base even a tentative
system description.) Vapor condensation and thermal
recycling for top efficiency. No thermal storage or
back-up.

In this system, hot and cold side heat exchangers
operate in tandem as an air dchumidifier: the cold coils
condense water, then the hot coils boost the dried air to
a higher temperature than that of the moist air origi-
nallv entering. Drying takes place in an insulated
enclosure and the cycle remains closed except for the
input of wet materials and the removal of dry materials
plus water.

We lack data with which to estimate scale or perfor-
mance of a system like this. Theauthor has witnessed
huge expenditures on fuel oil to dry tobacco in Mari-
tume Canada. The winds there are the best in North
America, and are very good by the tobacco harvest
time in the fall. The demands for home space heating
escalate at about the time thar tobacco drying 1s com-
pleted. A hybrid drying ‘home-heating system would
probably be necessary for good utihzation and pay-
back. Summer, the period of no demand, 1s the period
of least wind.

it James W Mavor, Jr.,Woods Hole Oceanographic Instituion: personal communi-

cation.
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GLOBAL PROSPECTS

The technology growing out of such a program should
be relatively sumple and economical, encouraging small
businesses to produce diverse subsystems (windmills

thermal stores, drying ovens, cold-storage warehouses,
solar-plus-wind heated greenhouses) in a competitive
market. While the United Srates 1s probably best

equipped to support the costs of the early portion of the
system learning curve, the knowledge produced will
require technology of a scale and simplicity that is
accessible to natons with less capital and fewer special-
1zed engineers and technicians available. Wind-driven
heat pumps and thermal storage systems should come
to represent a significant quantitative step to a world—
wide renewably based technology.

Whatever Happened to Compressed Air?

Joseph Seale

Everybody said that compressed-air energy storage
for wind power was a natural and that somebody
ought to try it. So we did. The first setback was
suggested by theory, but we thought that we could
turn that into an asset. Then cconomics, engineering
derails, and the available, state-of-the-art equipment
were lving i wait and ambushed us.

Theory first. When you compress a gas, the work
performed to squeeze it adds energy, causing tempera-
ture to rise. ['he temperature increase causes a propor-
tional rise n pressure, with a resultant increase in the
work required to compress the gas. If the compressed
gas cools off before being used to run an air motor for
energy recovery, then the pressure will be lowered and
the extra work required for compression will not be
recoverable. For compression to 7 atmospheres (100
pounds per square inch) the ideal theoretical efficiency
limit for one stage compression and decompression is
only 37¢ . "The remaining 439 of the cnergv goes to
pump heat.

Fine. Why not combine heat pumping with a me-
chanical energy storage and recovery system? Use the
heat from the compressor to warm aquaculture tanks,
the cold air exhaust from the air motor to freeze food,
and the stored mechanical energv to run the blower
motor for the rock heat storage system in the Ark. It
looked like a superb example of synergistic, multifunc-
tional use of equipment. We were very excited.

Enter the real world, real air, and real machines. Air
contains moisture. As air cools upon expansion through
an efficient air motor, ice sublimes out and freezes up the
motor. There 1s a way around the problem with an air
drying device —but that 1s expensive. Judging from the
performance figures on motors, air motor manufactur-
ers have found a cheaper solution; which 1s to make the
motor so nefficient that most of the energy in the
compressed air generates heat to prevent freezing. The
most cfficient combination of compressor and air motor
that we could find 1s 8¢ efficient mechanically, and
that s withan cfficient two-stage compressor that cools
the partally compressed air to minimize overheating

and consequent excess compression work. Since most
ofthe energy thatmight have been recovered mechani-
cally goes to overcome motor freezing, the system
makes a very poor refrigerator. Mostly, the compres-
sor motor systems that we could buy degrade high-
quality mechanical energy to low-grade heat which is
of some utility, but not worth the price.

We considered the costs of compressed-air energy
storage costs. A little math and physics shows that for
a given strength of material (e.g., steel) used to make a
compressed air tank, the quantity of material required
varies in proportion to the volume-times-pressure ca-
pacity of the reservoir. In other words, thereis no scale
advantage or disadvantage for cost of materials, which
1s the major cost of large tanks. The following table
confirms theory in practical terms:

1977 Prices,
Tanks Safe to 125 PSI

Volume, gal  Cost, $ Weight, lbs Cost/Volume, $/gal
125 S 338 296 $2.70
235 $ 504 500 $2.14
660 %1523 1,225 $2.31
1,550 $3,146 3,200 $2.03
2,200 $3,893 2,200 $1.77

Our guess 1s that the largest tank uses a reduced
quantity of higher strength, more expensive steel to
achieve highter weight at a slightly better cost.
Suppose we were to use the 235-gallon tanks, which
are bigger than four 55-gallon oil drums, with the
best-combination 8% efficient compressor/motor sys-
tem, to deliver one horsepower to run the blower
for the rock storage in the Ark. Assuming an operating
pressure range from 125 psi down to 80 psi (you can’t
usc up all the pressure and keep the blower powered
sufficiently), one tank will last less than two minutes
and it would cost $270 per minute storage capacity for
tank capiral alone. For comparison, lead-acid batteries
of equivalent cnergy delivery capacity cost less than a
tenth as much ($17 per horsecpower minute, initial
capital). It should be noted though that with room for
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roughly tenfold improvement in air motor efficiency,
and hence n effectiveness of use of air storage capacity,
better equipment could change the whole economic
picture.

What of future possibilities if we envision equipment
not currently available? [ have already indicatred that
the costs of the theoretical tank materials will vary
roughly as pressure-times-volume capacity. The
energy carrying capacity of a tank, assuming ideal
recovery, 1s a somewhat more complicated function.
The following table expresses theoretical energy car-
rying capacity divided by pressure-times-volume in
order to mndicate how performance/cost ratios might
be expected to vary with design pressure:

Pressure,
atmospheres (gauge) 1.00{3.00]5.00{7.00{9.00 [11.00 {13.00 [15.00
Performance 'Cost,
arbitrary units 281 .62 8400|113 1.24] 134] 1.42

Going up from the 7-atmospheres baseline case, we see
aslight theoretical advantage in higher pressure, but the

higher the pressure, the more difficult the thermal
effects. Even when by-product hear pumping is taken
into account, cfficient high-pressure operation requires
multple stages of compression and decompression
with mter-stage heat exchangers. ((This applies to the
7-atmospheres range of current equipment.) This is
the realm of complex industrial equipment, not simple
wind machines.

Where geological reservorirs such as caverns, aban-
doned mines, or depleted natural-gas ficlds provide
free storage, lower pressure operation with simpler
equipment becomes feasible. There 1s a possibility that
a compressed-air utility usig pipelines, windmills,
and natural storage might work. There was a municipal
compressed-air utility carly in this century in Paris.
But at any pracucal pressure, thermal cffects will be
significant and will represent an efficiency loss wher-
ever 1t 1s impractical to utlize the heat at points of
cnergy production and the cold at points of consump-
tion. Reahstically, compressed-air storage for isolated
small wind-energy systems seems out of the question.

50 The journal of the New Alchemists



o b
(ﬁ.wq




Beyond supplying the vegetables and some of the
fruit for all of us who work at New Alchemy, the
gardens are one of the most beautiful places at the
farm. And if that were not more than adequate, our
gardens, over the years, have taught us a great deal
about the relative merits of various methods and
practices of raising food. Beginning quite literally
from the ground up, our first task was to create a
balanced fertile soil from the sandy terminal moraine
that forms Cape Cod. Long before our soil had been
tested and pronounced lacking in none of the essen-
tial nutrients as it has been recently, we had begun
work with intensive vegetable production, biological
pest control and the effects of such time-honored but
not scientifically corroborated practices as mulching.
For four seasons now, Susan Ervin has been engaged
in a series of mulching experiments. In 1978, having
eliminated as many variables as possible, she arrived
at statistically significant and somewhat surprising

data on the effects of seaweed muich.

Although the garden and the bioshelters have been
the centers of our agricultural work, Earle Barnhart's
most recent project has started a considerable oui-
ward expansion. Earle has begun the extensive and
longterm undertaking of establishing an arboretum of
locally adapted fruit and nut trees, and trees to provide
fodder for animals. The eventual goal, as he discusses
in his article, is to create a mixed and sustaining,
ecologically viable, agricultural landscape. Planting
trees is satisfying not only in that it embodies an
ecological ethic but because it is a gesture that,
unlike so many others, invests in rather than robs the
future. In his article “Three Crops,” Earle explains
some of the theory behind the ecological soundness
of tree crops and goes on to describe some very
workable designs.
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2w 7 OBSERVATIONS ON THE . 3
EFFECTS OF . MOLCHES
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Photo by R. D. Zweig

Further Experiments on the Effects of Mulches
on Crop Yields and Soil Conditions

Susan Ervin

Over the past several summers we have been conduct-
ing experiments to test the effects of mulches on crop
vields and on soil conditions. Our interest 1s in brode-
gradable mulches intended to enrich the soil as well as
to control weeds, moderate so1l temperatures, improve
soil texture, and retain moisture. In one trial in the
first phase of experimentation, unmulched lettuces
viclded higher than either those mulched with seaweed
or with those mulched with azolla, which 1s a small
aquatic fern that grows on the surface of our fish
ponds." In a second tnal, azolla-mulched sections
yielded higher. In the second phase of the experimen-
tation, the cffects of seaweed mulch, leaf-mold mulch,
and the absence of mulch were observed on tomatoes,
sweet peppers, chard, lettuce and beets. Half of each

1 Susan Ervin, 1977, “The Effects of Mulching with Seaweed and Azolla on Lettuce
Productivity,” The Journal of The New Alchemists, +: 58-59.

crop received supplemental watering; half did not.
Lettuce tended to be more productive without mulch.
There was a clear trend toward higher yields for beets,
chard, and tomatoes mulched with seaweed, though
only chard showed a statistically significant higher
vield. The significance of the other yield differences
was masked by the fact that variation was due more to
site than to treatment. Crops that benefitted from
mulch had higher yields with scaweed than with leaf
mold. Supplemental watering was not a significant
factor in any of these cases.?

During the summer of 1978 we continued experi-
mentation, attempting to obtain more conclusiveresults
by limiting the number of variables. Because supple-
mental watering had not significantly affected yields

2 Ervin, 1979, “Effects of Mulches,” The Journal of The New Alchemists, 5:56—61.
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the preceding year, we chose not to water any crop
after a few 1mitial waterings at the time of seeding or
transplanting. The crops tested were tomatoes, beets,
and lettuce. The mulch treatments were confined to
two, seaweed mulch and no mulch. The lettuces were
mulched soon after planting; mulch was applied to the
other crops on June 24 and renewed on July 3. It
settled to a covering of about 6”.

The lettuce varicty used was Salad Bowl; the beets
were Early Wonder, and the tomatoes were Rutgers.
Planting and harvesting proceeded as follows:

Lettuce Trial I: Seedlings were set out June 7. Whole plants were
harvested berween July 10 and 18, with an equal
number of plants harvested per section on each
harvest day.

Lettuce Trial II: Seedlings set out July 21. Harvested berween
September 9 and 18, in the same manner as in
Tral 1.

Beets Trial I: Seeded June 1. Harvested August 2 and 3.
Beets Trial II: Seeded August 5. Harvested October 23.
Tomatoes: Seedlings set out June 9. Fruits were harvesred
when well ripened, beginning on August 8 and
ending September 26, when the plants were
damaged by frost.

Moisture and temperature data were collected using
a Soiltest MC-300 meter. Sensors were placed 5”deep
in two mulched sections (one and seven), and two
unmulched ones (two and eight). T'wo sensors were
placed in each of these sections to insure accurate darta.
The final figure recorded was midway between the
readings of the two sensors. Variation berween the
two was slight at all sites. A stick thermometer was
used to determine temperatures at a depth of 17
Readings were taken in the mornings between 6:00
and 7:00 a.ai., and inthe afternoons between 4:00 and
4:30 p.a

As expected, mulched plots were cooler on hot
days and warmer on cold nights and showed less tem-
perature variation overall. July 11 is a typical ex-
ample: Morning readings of 69°F (20.6°C) and 70°F
(21.1°C), afternoon readings of 71°F (21.7°C) and
72°F (22.2°C) for mulched sections at 5”; morning
readings of 68°F (20°C), afternoon readings of
86°F (30°C) and 84°F (28.9°C) for both unmulched
sections at 5”; morning readings of 61°F (16.1°C)
and 63°F (17.2°C), afternoon readings of 70°F
(20.6°C) for the mulched sections at 1”; morning
readings of 58°F (144.4°C), afternoon readings of
88°F (31.1°C) and 92°F (33.3°C) for the unmulched
sections at 1”. The mulched sections remained moister
than unmulched sections throughout the summer, a
fact of some significance in an area of quickly drying,
sandy soil. Mulched sections also retained moisture
longer after rain.

The following tables arc excerpts from the dara
collected between June 26 and September 15. Com-
plete data 15 available on request.

Moisture at 5" Depth

Mulched Unmulched

. 7 = s
June 26 55 .52 1.60 1.90
July 10 25 .22 1.70 2.70
July 24 30 .60 1.55 1.95
August 7 18 .28 90 1.30
August 21 67 92 3.80 5.00
September 4 71 1.20 9.80 25.00
September 11 1.00 1.30 14.00 30.00

Temperatures at 5" Depth (degrees Fahrenheit)

Mulched Cnmulched
/ 7 2 8
June 26 AN 67° 68° 64° 6+°
P 68° 69° 792 76°
July 10 AL 68° 69° 68° 68°
paL o 71° 72° 82° 79°
July 24 e 72° 73° 73° 72°
Py 72° 75° 87° 81°
August 7 A 70° 72° 72° 71°
Pt 71° 73° 80° 76°
August 21 AN 69° 70° 66° 67°
PAL70° 71° 74° 72°
September 4 a.v. 4© 64° 58° 59°
pAL 630 66° 72° 72°
September 11 At 42° 61° 59° 590
PAL 20 61° 68° 68°

Temperatures at 1" Depth (degrees Fahrenheir)

Mulched Unmulched
1 7 2 8
June 26 A 58° 58° 58° 58°
P 68° 67° 77 78°
July 10 A 63° 63° 63° 63°
P 71° 72° 85° 86°
July 24 AL 66° 66° 64° 63°
P 71° 71° 87° 86°
August 7 AL 66° 66° 65° 65°
pAL 67° 71° 77° 74°
August 21 A 62° 622 60° 60°
PaAL 67° 71° 772 80°
September 4 A §4° 54° 51¢ 51°
pAL 699 69° 75° 74°
September 11 1.1 54° 53° 52° 52°
PAL 63° 63° 70° 702

Soil was tested to determine the effects of the mulch
on soil fertility. The analysis of samples was done by
the Cooperative Extension Service of the U.S. Depart-
ment of Agriculture at Waltham, Massachusetts. Mulch-
related variations were evident for nitrate, pH, potash,
and soluble salt readings (Table 1).
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TABLE 1—S8oil Analysis

pH

SectionNo. 1 (m)

Nit

Tate

2 (nm)
3 (m)
4 (nm)
5 (m)
6 (nm)
7 (m)
8 (nm)

SectionNo. 1 (m)

Potash

2 (nm)
3 (m)
4 (nm)
5 (m)
6 (nm)
7 (m)
8 (nm)

Section No. 1 (m)

2 (nm)
3 (m)
4 (nm)
5 (m)
6 (nm)
7 (m)
8 (nm)

Soluble Salts

Section No. 1 (m)

m =mul

ch

2(nm)
3 (m)
+(nm)
5 (m)
6 (nm)
7 (m)
8 (nm)

nm =no mulch
EH = Fxera High
VH = Very High

Test Date
6/21 7/12 7/22 8/6 8/16 8/26
6.6 61 64 63 64 68
6.5 65 67 66 67 68
6.7 63 64 64 65 6.6
68 66 67 68 67 70
69 62 65 64 67 66
68 67 69 68 68 71
6.7 65 64 66 67 68
68 66 68 68 65 7.1
H FH VH EH EH EH
VH VH L H M M
EH EH VH EH VH VH
MH EH ML VH M L
M EH VH EH EH EH
MH EH MH EH L MH
MH FEH VH EH EH EH
H MH M EH VH MH
VH VH EH EH EH EH
L VH VH VH VH L
MH EH EH EH EH VH
M EH VH VH VH L
VH EH EH FH EH VH
M VH VH VH M L
L EH EH EH EH EH
VH VH VH VH VH M
5 112 58 150 80
20 z 15 20 28 21
23 £ 80 110 180 122
20 = 16 17 3¢ 22
17 Z 130 135 106 185
14 S 1 1w 22 23
1 ©o2500 96 222 98
12 24 14 25 17
H =High L =Low

MH = Medium High

M = Medium
ML = Medium Low

VL = Very Low

[t 1s known that potash penetrates more deeply in a
mulched soil because of more uniform moisture distri-
bution.® We had thought initially that during mulch
decomposition there might be temporary nitrate short-
ages. This, however, did not prove to be true. Soluble
salt levels, though much higher in mulched plots thanin
unmulched ones, did not reach levels generally consid-
ered to be damaging to most plants.

The yields are shown below (Table 2). The total
vield from mulched sections in the first beet trial was
78.59, greater than from unmulched sections. The
second trial produced yields 2259, greater than in
unmulched sections. The toral yield of mulched toma-
toes was /.39 greater than unmulched ones, although
some unmulched sections out-yielded some mulched
sections. In the first lettuce trial the unmulched sections
vielded 33.99, more than mulched ones, and 209
greater in the second trial though some unmulched
sections were less productive than some mulched ones.

Using the t-test of significance between two sample
means, the following resulted:

t-value significance
Beets | 5.48 99+,
Beets 1 7.48 99+,
Tomartoes 22 15+9,
Lettuce [ 2.20 92+
Letruce I1 .78 52+9,

In both trials, beets mulched with seaweed yielded
significantly higher. In the first trial, unmulched let-
tuces vielded significantly higher. The differences be-
tween yields of mulched and unmulched plots for the
second lettuce trial and for the tomatoes were not
statistically significant.

Lettuce s knownto havealow salttolerance whereas
thatofbeetsis knownrto be high. Thus, thesaltlevelsare
most likely a major factor in resulting yields. Another

s(imrgc [. Slate, 1957, “How I Mulch My Garden,” in Handbook on Mulches
(Brooklyvn Boranic Garden, New York).

TABLE 2—VYields

Lettuce [ Lettuce 11 Beets | Beets 11 Tomatoes
Mulched Sections 25 plants per plot 20 plants per plot 35 plants per plot 10 plants per plot J plants per plot
1 2598¢  91.64oz 2,134g 75270z 3945¢ 139.16 oz. 1,152g  40.64 oz 10,747¢  379.09 oz.
3 +640 g 163.67 oz 2928¢g 103.28 oz. 3903¢g 137.67 oz. 1,130g 39860z 22,762¢g 802910z
5 4,731 g 166.88 oz. 1,752¢  61.800z. 5,125¢ 180.78 oz. 920g 32450z 37,314¢g 1316.210z
7 +359¢g 153.78 0z 1,044 36.83 oz. 4497 158.03 oz. 1314g  46.35 oz 12884g 454470z
Torals 16,328 ¢ 575.95 oz. 78358¢ 277180z  17470g 616.24 0z +516g 159300z. 83,707g 2952.68 oz.
Average 163 ¢ 5.76 oz. 98 ¢ 346 oz 125¢ 140 0z. 113¢ 398 0z. +185¢g  147.63 0z
CUnmulched
Sections
2 3010g 176.72 0z 260+g  91.85 oz 1,910g  67.37 oz. 380g 13.40 0z 14702¢g  518.600z.
+ 6,451 g 227.550z. 2660g  93.830z. 2426¢  85.57 oz. +10g 1446 oz 25,100g 883380z
6 +745¢ 167.38 oz 1,398¢ 49310z, 2835¢ 100.00 oz. 152¢g 5360z 19,667¢  693.73 0z.
8 3,667 ¢ 19990 oz. 2780¢g  98.06 0z. 26+1e  93.160z. +4+6g 15.73 0z, 18,579¢ 65536 0z.
Torals 21,873 ¢ 771.55 0z 94H2¢g 333.06 0z 9812g 346.11 oz 1,388¢ 48.96 oz. 78,048 ¢ 2753.070z.
Average 219¢ 7.72 oz 118 ¢ +.16 0z. 70¢ 24707 35g 1.2202 3902 g 137.650z.
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observation that may or may not be valid is that in the
second lettuce trial section 6 was the lowest vielding
unmulched section and had low nitrate levels during
part of the time of that trial.

The accumulated data from two years’ experiments
allow some interesting incidental observations to be
made. Tomato yields were much lower this year using
the same variety of tomato as used in the previous year.
In 1977, the average production of seaweed-mulched
plants was 9,132.06 grams; in 1978, 4,185.35 grams.
For unmulched plants, the average 1977 yield was
8,054.63 grams; in 1978, 3,902.4 grams. Temperatures

were lower during the 1978 season and moisture levels
higher. In the next phase of our experimentation, we
shall continue our work with seaweed, attempting to
1solate 1ts enriching effects on the soil from those that
increase salinity. We will also begin to test theeffectsof
mulching with straw, which 1s a material that is availa-
ble more widely.

[ should like to acknowledge the assistance of Nancy
Jack Todd, Rebecca Todd, and Eleanor Labosky in
carrying out this work, John Wolfe in the statistical
evaluation, and of Al Doolittle in plotting graphs.

Photo by R. D. Zweig
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Tree CI‘OPSI Creating the Foundation of a Permanent Agriculture

Earle Barnhart

Man’s (sic) very existence s being threatened by hisabysmal igno-
rance of what it takes to run a balanced ecosystem.

Eugene P. Odum

Fundamentals of Ecology

This paper 1s an exploration of the potential value of
tree crops in agriculrural ecosystems. The ecological
dilemma of increasing population, rapid agricultural
crosion and increasing energy cost i1s examined. A
partial solution 1s presented which proposes tree crops
as an ecological counter-strategy to these trends.
Several designs are presented as examples of how tree
crops may be used in rural, suburban and urban bio-
technical landscaping. Lastly, promising avenues of
tree-crop propagation rescarch are suggested as neces-
sary prerequisites to widespread adoption of improved
agricultural trees.

Maintaining food production apace with population
growth without irreplaceabley damaging the soil base
on which productivity depends 1s a major dilemma in
agriculture. While conventional agriculture can un-
deniably produce high yields, it cannot pretend to be
sustainable in terms of cither soil preservation or energy
consumption (see References 1, 2, 3, 4 and 46). The
following analysis explores current concepts of en-
ergy, ccology, and crosion 1n agricultural ecosystems
and delineates the interdependence among land re-
sourcces, energy resources and living communities. The
goal 1s to indicate that high yiclds can be compatible
with soil preservation and lower energy consumption
if successful strategies drawn from natural ones are
used as guides.

To feed 6-7 billion people by the yvear 2000, main-
raining present demand use patterns, food production
must be greatly increased (1). This increase can come
from greater productivity on available lands or by
farming more land. Doubling world food production
on current land would require from 3 to 10 times the
energy and resources of current agriculture (1, 6).
Farming additional land implies using land of marginal
quality, much of 1t hilly, which will require expensive
maintenance to keep it productive agriculturally. The
United States has already lost an estimated one-third of
1ts topsoil and an estumated 10-159 of 1ts former po-
rential productivity, and the erosion rate 1s at a record
high (4, 46). Aboutr 515 billion have been spent on
conservation measures on the U.S. since the mid-
1930%s, ver cach yvear $6.8 to $7.73 billion worth of
nitrogen, phosphorus and potassium are still being lost,
and S13 billion 1s spent repairing flood and sediment

damage to crops and pastures (1, 4). Presently 649 of
the U.S. cropland needs treatment for soil erosion
which 1s occurring at a rate many times higher than that
considered compatible with permanent agriculture (1,3).

EROSION CONTROL OPTIONS

Any country with a serious desire to preserve its soil has
several options. One path is technological, using me-
chanical force and humanly constructed structures to
move soil and to restrain it from flowing downhill with
warer. T'wo examples of this approach are contour
plowing (annually) or terracing (permanently). Con-
tour plowing costs 5-79%, more in time and in fuel but
can reduce erosion up to 939, (1). Terraces arc a
noteworthy strategy since many of the longest-farmed
regions on earth utihized them (26). Either method must
deal with about 3-billion tons of sediment per year (1).
"The terrace solution 1s a relatively simple way to invest
remaining fossil fuels in permanent fertility. It would be
interesting to see an analysis of the cost efficiency of
subsidizing permanent terraces with the money and
cnergy now used for flood control and sediment dam-
age repair.

A sccond opuion 1s erosion control by biological
forces. The biological solution 1s attractive because of
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the many beneficial by-products and because of its
reliance on solar energy instead of fossil fuel to pav for
the transition. The concept of using perenmnial plants,
particularly trees, to produce human food and animal
feeds while they protect the soil has been proposed by
historians of agriculture like F. H. King (26), geogra-
phers of soil erosion like J. R. Smith (11), and econo-
mists to whom people matter like E. F. Schumacher
(27). A landscape of perennials is the method nature
has evolved for soil protection for most of the bio-
geographical regions of the earth that are now farmed
(28, 29). Perennial plants tend to accumulate gradually
such structures as roots, stems, twigs, detritus and top-
soil humus. These parts of the plant normally shelter
the soil from the direct force of the weather.

E. P. Odum, in Fundamentals of Ecology, estimates
that if a natural ecosystem is to maintain its soil and to
sustaina given level of productivity, more than half of
its annual plant growth must be retained as structures
that resist environmental stresses. [f more than this
fraction of annual plant growthisallowed to remain, the
ecosystem gradually builds up biomass, becoming
more productive and more resistant to forces of wind
and water. On the other hand, if more than half of the
annual plant growth is consistently removed (as in
over-grazing or over-logging), an ecosystem gradu-
ally exhausts its structure and becomes less able to
protect its soil, resulting in losses to erosion, and leach-
ing, and 1n less productive capacity.

Only very small amounts of nutrients are lost from
mature communities as compared to inmature or dis-
turbed ones, with losses decreasing along a scale from
row crops to small grains to grasses to perennial forages
to forests (3). Of particular interest are the management
practices employed to bring erosion rates down to
acceptable levels. Most of these involve various strate-
gies to allow a more mature plant community to grow
up intermittently and to produce soil-protecting “resi-
dues.” Such residues carry over into the following few
years, decomposing slowly until they arelostas protec-
tion. We can think of familiar practices including strip-
cropping, croprotation,manurcapplication,and newer

TABLE 1

“no-till’” cultivation as ways of averaging-in materials
from perennial crops and organic matter similar to that
accumulated by unharvested plants. All maintain or-
ganic structure near the soil surface that resistsabrasion
from rain, wind and water.

Nowhere is the split berween humanity and nature more dramatic

than in the differing wavs with which peopleand nature cover the

land with vegetation. To maintain the ever-normal granary, agri-

culturalists favor the monoculture of annuals. Narure has, for the
most part, favored the polyculture of perennuals.

Wes Jackson

The Land Report

The trend of decreasing erosion with increasing pres-
ence of perennials suggests the ulimate strategy of
using trees as major agricultural crops. To quote
J. Sholto Douglas: “The tree 1s the tool with the
greatest potential for feeding men (sic) and animals, for
restoring water-systems, for controlling floods and
drought, for creating more benevolent micro-climates
and more comfortable and stimulating living condi-
tions for humanity” (47). Perhaps the most striking
advantage of designing with trees is that as biological
elements they are self-repairing and self-perpetuating
and their natural functions are powered by solar en-
ergy. The concept begins to appear more attractive as
the various benefits are tallied next to the cost of al-
ternatives (or the consequences of nonaction). To re-
place these benefits mechanically we must build erosion
control works, enlarge reservoirs, upgrade air-pollu-
tion control works, improve water purification plants,
increase air conditioning and provide new recreation

facilities (15).

PRODUCTIVITY

The cumulative advantages of tree crops assume they
produce a reasonable yield of food. J. Russell Smith in
Tree Crops contended that trees could match row crops
in both protein and carbohydrates i yield per acre.
These are claims worthy of investigation, for if true,
tree crops would present an attractive alternative to
conventional agriculture in many regions. In compar-

WORLD DISTRIBUTION OF PRIMARY PRODUCTION
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ing ecosystems, ecologists place temperate forests and
most agricultural land in the same range of primary
productivity (Table 1). On a world average of crop
production, growth i fertilized crop communities is
generally Tower than that in woodland; deciduous
forests often approach twice the production of dry
matter as grains in the same climate (7). Of course, total
plant material is not as important as the edible part of the
plantor crop. Wild foresttrees vield only asmall fraction
of their biomass as edible food; domesticated crop plants
can be nearly halfedible grain. Butrecall thatmuch of the
rree’s biomass which 1s nonedible comprises the struc-
ture that performs essential environmental services.
Domesticationis a dual selection ‘protectionrelation-
ship 1in which the farmer uses his skill and energy to
protect a strain of plant that vields more food-to-fiber
than the average of its kind. Artificial selection of crop

plants does not normally increase the total production of
the plant so much as it redistributes its productivity so
that more goes into food and less into stems, leaves and
roots. For example, in the last 50 years wheat has been
bred to yield 669 grain-to-straw from the 519, grain-
to-straw of earlier strains. This is not, however, the
proverbial free lunch, since the energy rechannelled into
food production is bred out of some other vital function
of the plant. The improved strain willonly perform well
if the farmer is prepared to carry out the lost function.
His work s called an energy subsidy to thecrop, freeing
it to concentrate 1ts energy in food. Some common
energy subsidies to conventional crops are pest protec-
tion, weed removal, nutrient enrichment and constant,
adequate water.

If one compares energy subsidy to improved vield,
early gains come cheaply. Food per acre from primitive

TABLE 2 104 TREE CROPS GRAIN CROPS {
Qg
8 4 f—— S
7. ///'2".;‘_’" £l
/// “
61 / A
Paraian - // / wheat
51 walnut b //// / L
] ; Iy
4 =) /1 L
) = / /
/ /o
- / =
pecan 4 /6 ¥
31 2 m—j ;% i
Filberts |= [y /
>
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2 § L] // /
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Persian // //
cotn / /
average 'wmt_j/
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1.0 L S .
0.9 Chinese chestnut I
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0.61
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ORY P .
. ) wild oak
million
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farming using human/animal/ fire energy can yield 100
times that of gathered wild food. Eventually, diminish-
ing returns occur. Conventional agriculture in the
United States has exhibited such a trend since 1945
(2). At high levels of energy subsidy, doubling of yields
can require 3 to 10 times more energy. Evidently some
ecosystem work is easier to subsidize than others. Often
what appears to be a good management choice, such as
monocropping to simplify cultivation, has high hidden
costs of pest control and nutrient loss which must be
paid eventually. It is an important challenge to dis-
cover which tasks are best performed by nature and
which are best met with fossil fuels.

Table 2 isa yield comparison of edible carbohydrates
from grain crops and tree crops. Two patterns that
emerge are:

1. grain crops with high fossil fuel subsidy show higher yields
than non-fuel subsidized crops, and

2. yields from improved tree crop cultivars are higher than wild or
average seedling trees.

The best tree crop yields are seen to be approaching the
level of subsidized high-protein grains such as soybeans
and wheat. [ believe that any difference 1slargely dueto
rapid genetic changes in annuals that allow a plant
breeder totakeadvantage of new energy-rich technolo-
gies. Most tree species, particularly those native to
North America, have received less intensive breeding
research thanhaveannuals. Preliminary stepshave been
taken, primarily through the efforts of dedicated ama-
teurs: outstanding individual trees of most native
American fruit, nut and forage types have been identi-
fied for qualities including high vields, annual bearing,
cold hardiness and fruit quality (48, 49). In the process
a few species such as pecan have showed rapid improve-
ment through selection and are approaching yields of
barley and soybeans. Table 3 shows the progress that
has béen made in identifying perennial crops that reach
commercial production rapidly. It 1s both surprising
and encouraging that the average time-to-commer-
cialization is generally under 10 years.

ENVIRONMENTAL SERVICES

Remember that a tree invests some of its production as
storage in branches, roots, twigs, and leaves. Theseare
the parts that:

1. reduce forces of wind and rain;

2. capture and control rainfall;

3. filter the air of dust, ash, smoke, pollen, carbon dioxide, and
aerosals;

4. reduce airborne sound with great efficiency;

5. provide generous shade at exactly the appropriate season to
homes and urban areas.

In a imber tree (Table 4) the woody framework that
performs theseservicesis most of the tree. In domestica-
tion some of this wood must be given up in return for

TABLE 3—Fruiting Age of Tree Crops
Vears to Vears to
bearing: bearing:
grafted  commercial - selected
cultivars  production seedlings  wild stock

Vears to
bearing:

Years to
Perennial

Tree Crop

Conmercial
Almonds
Apples -4 8-10
Apricots 3—4
Avocados =0
Blueberries
Chinese Chestnuts
Cherries
English Walnut 5-6
Filberts 7
Macadamia sp. 3-7
Peaches
Pears
Pecans 3—4 7-10

Non-commercial
Black Walnut 6 12
Heartnut 2
Hickory 3—4 10-13 +0
Honey Locust
Mulberry

Oak 6-9

s

>
|

~1

(%}

(o5}

oy
L

20-35

From Jaynes (1969); Reed and Davidson (1958); USDA Agricultural Handbook
450; the Fruit & Vegerable Association.

TABLE ¢4

PRODUCTION anp USE ofF DRY MATTER

(fA - loss of roots and branches)

Dry

matter 10

Tons 8l (lost in respiration)

per

acre 6l f
per leaves sphed .

year 4 ven-age

European
beech stand

stems and permanent branches

0 20 40 60 80 100

Age, Years

60 The Journal of the New Alchemists



more food, vet even in the extreme case of dwarf apple
there still 15 a significant physical structure that 1s of
benefit to the human environment.

Food trees can serve multiple services in landscapes.
Rather than just lising some of them, examples are
presented in the following scenarios of tree crops used
in rural, suburban, and urban settings.

DESIGN PRINCIPLES FOR TREE CROPS

. T'rees often serve mulniple functions:
sotl enrichment
food production
soil preservation
water control
air purification
creation of microclimartes suitable for other plants, ammals,
and people.

2. Inmulo=story agriculture, lacy low-shade sun-tolerant upper-
story trees form the upper canopy. Shade tolerant trees form the
lower canopy. Pasture grasses and legumes form the ground
cover beneath the trees. Meadows and field crops are rotated in
open areas berween groups of trees.

. Nitrogen-fixing trees and shrubs are distributed through the
landscape and contribute nitrogen to the ccosystem through
leat-fall, grazing or periodic cropping.

4. Orchards of domestic trees have the same general microclimato-

logical effects as sparse natural forests (9).

5. More open, less dense stands of trees give the best yield per tree.
With increased age, vield from a single tree becomes greater, but
yield per acre tends to be fixed if the canopy is closed (10).

6. Pasture can thrive under tree canopies if they are not extremely
dense and if nutrients are not limiting.

o)

RURAL AGRICULTURAL FORESTRY

The only way man (sic) can have both a productive and a stable
environment is to insure that a good mixture of early and mature
successional stages are maintained, with interchanges of energy

and materials.
Eugene P. Odum
Fundamentals of Ecology

The average American uses about 1 ton of grain per
year, 939, utilized indirectly as feed for cattle, hogs
and chickens, which supply our main protein sources
of meat, milk and eggs (3). As energy costs rise, con-
ventional meat production practices, which require
considerable transportation of both animals and feed,

Figure 3. Cross section of amount of shade cast by an established
tree.

DESIGNING WITH MICROCLIMATE

NORTH

SOUTH

Figure 1. Shade pattern produced around a standing tree, in
percent of full sunlight. This pattern is for the spring season in
central Europe (after R. Geiger, Climate Near the Ground).

NORTH

SOUTH

Figure 2. Plantings around an established tree, matching shade
zones with shade-tolerant species. Young tree on south side re-
ceives almost full sun and wind protection.

Figure 4. Cross section of three rows, planted to optimize shade
available and shade requirements of young species planted as
original pioneer species grows.
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rotated with field crops
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-minor tree crop products
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Figure 5. Rural agricultural forestry.

Figure 6. Multi-story mixed tree crop agriculture, with live-
stock in understory pasture.

electric
fence contrc
grazing arec

62 The Journal of the New Alchemists



will vield to growing feed and meat animals nearer to
each other and to the consumer. The ultumate integra-
tion is to raise meat animals fed on grain and tree feeds
produced in a matrix of fields and pastures protected
by perimeter plantings of tree crops (see Figure 6).
Large fields benefit from being sheltered; the ap-
proximately 59, area used for windbreaks 1s well
compensated by higher producuvity from the re-
mainder. Nondomestic herbivores (wild game ani-
mals) are not to be shunned; highest sustained animal
production from a given piece of land will most often
result from a mixture of wild and domestic herbi-
vores (7). Tree products such as acorns and honey
locust pods can match corn and oats pound for pound
as nutritious stored winter feed supplements for live-
stock.

URBAN AND SUBURBAN LAND

Approximately 11.79, of arable U.S. farmland 1s 1n
municipal areas. This is comprised of about 40 million
acres that have been converted to urban use, much of it
the flattest, most fertile land available. Further, the rate
of conversion is increasing (1). Every effort should be
made to encourage productive use of this space for
food production and increased environmental quality.

INSULATION OF BUILDING WITH
PLANTED WINDBREAKS

Windbreaks of living plants have been well docu-
mented for their beneficial effect of reducing heat loss
from buildings (8,9,17). The effect is due to reduced
infiltration through cracks, reduced exterior convec-
tion loss, and in some cases reduced radiant heat loss.
The net result 1s that 2 house with good wind protec-
tion on three sides (north/west/east) can reduce fuel
use up to 309 in comparison to a similar house
exposed to full wind. Windbreaks perform as insula-
tion, just as other more familiar methods such as dou-
ble glazing, materials in wall cavities and weatherstrip-
ping do. Like these other methods, establishing a
windbreak hasa capital investment cost, a maintenance
cost, an expected working lifetime and a payback
period that can be evaluated economically.

Unlike these other methods, windbreaks are biologi-
cal and appreciate in value rather than depreciate.
They improve their performance automatically, using
available sunlight rather than an initial input of fuel
energy of manufacture. It 1s thus a unique insulation
technique which requires a relatively small investment
in order ultimately to obtain large benefits.

The benefits of growing external insulation will be
particularly uscful to older homes which often have
high infileration rates and walls too thin for adequate
amounts of wall insulation: both of these difficulties
arc amenable to the effects of a good windbreak. The

Figure 7. Windbreak succession/diversification. As early sun-
tolerant pioneer trees grow, resulting shade and wind protection
provides microclimates for less hardy plants.

strategy of growing insulation is an example of apply-
ing biological solutions to what 1s normally conceived
as a technological problem. The concept involved is
that biological systems (in this case, plants) maintain
and perpetuate themselves using solar energy, while
technological systems usually require energy of manu-
facture, maintenance, repair and disposal in the form of
fossil fuels under the attention of people. In addition,
while protecting from wind the plants can:

—produce food,

—preserve soil,

—control and purify water,

—filter air of dust, smoke, odors, and
—provide comfortable and pleasant living conditions.

Fach of these services has values that becomeapparent
when a community must construct substitutes.
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Cross section of rows of tree crops interplanted with rows of nitrogen-fixing hedges

1 =5

ZH%E

. - ] ¥ X
Trimaing and mulching machine shown is a Quadractor,
small scale agriculture. It also mows, hauls water and produce, and s
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Mechanized nulching of tree crops with trimmings of nitrogen-fixing hedges

a newly developed afficient implement for

kids timber.

Figure 8. Nitrogen-fixing hedges for sustained fertility.
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TREE CROPS FOR CONTINUOUS
POULTRY FEED

In many respects poultry are ideal for homestead pro-
tein production. They recycle edible household and
garden wastes, produce a high-protemn food daily
(eggs), meat occasionally, and require relatively little
space and maintenance. They do need feed supple-
ments to grass and garbage. Commonly this feed is
commercial cracked corn or laying mash, thereby
making the economics little different to buying eggs
(apart from quality of egg). An alternative to purchased
feeds is a combination of tree crops and perennial food
plants. Suggested plants are:

Mulberry: for summer feed; drops mulberry fruit in great quantiry
for several months; a tradirional animal feed in China.

Honey Locust: for fall feed; produces highly nutritious pods, which
drop throughout late fall and early winter.

Burr Oak

Sawtooth Oak: for winter feed; acorns are storable and have feed
value similar to corn, and can be ground like corn.

Comfrey: for spring feed; a high protein perennial herb devoured
by chickens if given a chance. It leafs early in spring, and if
grown in rows under semicylindrical wire protectors, the
chickens have access to the dailv growing tips without destroy-
ing the plant.

URBAN LANDSCAPES

As energy supplies dwindle, urban populations will
undergo major changes that will involve transporta-
tion, work places and the relative value of food. One
option for city dwellers is to convert space now com-
mitted to transportation over gradually ro agriculture.
By encouraging associations of street residents to
transform segments of street into street gardens with
pedestrian/bike corridors, a city can slowly foster
local food production and mass transit. The following
description and illustrations suggest details of such a
transition.
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[1970°s Normal Urban Street

I Surfaces of sidewalks, streers and buildings resultin glare, grear
temperature rises m summer and great run-off of ramfall,
2. Lawns and shrubs are primarily ornamenral.

Lransition to Greater Use of Street Space

1. Block-long segments of North=South streets are zoned for
pedestrian, bicyele and moped traffic, wich assurance of mass
transit and car parking at the ends.

2. Streer gardens are constructed over existng pavement, retain-
g street dramage and sewer system.

3. Tree crops, gardens and msulative windbreaks are established.

Mature Urban Agriculture

1. Houschold vegerable gardens, solar aquaculture and tree crops
provide local food supplies.

2. Normal city water supply provides households, which then
recvele graywater from washing and showers to trees and
gardens.

Increased plant cover moderates temperatures, purifies air and
absorbs ramfall. Plants also greatly reduce glare and noise.
+. Some of the streer garden structures are greenhouses using

5%}

waste heat from local light industries to supply winter food and
garden seedlings to the neighborhood.

ENVIRONMENTAL QUALITY AND
URBAN AGRICULTURE

On hot sunny days, temperatures in urban areas nor-
mally rise quickly because of high reflection and radia-
tion from sidewalks, streets and building. The resultis
discomfort and extensive use of air-conditioning. In
contrast, when sunlight strikes a plant surface, much of
it 1s absorbed to evaporate water. Temperatures over
grassy surfaces on a sunny day are 10-14°F. cooler
than on exposed soil or street surface for this reason (8).
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As water makes up 80-909 of a plant’s biomass, the
heart capacity of the water absorbs radiation and releases
it later slowly. Both processes combine to moderate
fluctuations in temperature and humidity, making
conditions more comfortable to life. Trees provide
shade for the great benefit of people and solar buildings
at exactly the appropriate seasons. Deciduous trees
even adjust to cold extended springs by leafing out
later, and long warm falls by dropping leaves later.

Atmospheric Contaminanis

Streets with trees have been shown to have about
one third the amount of airborne dust of streets with-
out trees. Dust, soot, smoke, odors, and other par-
ticulate matter are similarly removed from the air.
Gases such as CO: are actively taken up. Lead from
auro exhaust tends to accumulate on the soil, often in
dangerous concentrations. Preliminary tests in Bos-
ton of tree fruit grown in soil with 3,000 parts per
million of lead showed no lead in the fruits.

Noise as an atmospheric contaminant is greatly
reduced by tree stems and leaves; trees are often planned
by highway designers to block freeway traffic sounds
from residental neighborhoods. Noise reduction ef-
fectiveness has become quite well quantified as a result.

These various environmental effects are quite val-
uable:

These narural functions are powered by solar energy, and, to the
degree that they are lost, they must be replaced by extensive and
continuing investments of fossil fuel energy and other narural
resources. [f the quality of life is to be maintained, we must build
crosion control works, enlarge reservoirs, upgrade air pollution
control technology, install flood control works, improve water

purification plants, increase air conditioning and provide new
recreation facilities.”

Figure 10. Urban space re-allocation. North-south street
segments between city blocks are gradually changed from roads to
street gardens. North-south avenues receive sun equally on both
sides of the street.
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"I H. Bormann. “An Inseparable Linkage: Conservation of Natural Ecosystems
and the Conservation of Fossil Energy, ™ BioScience, 29. No. 12: 754-60.
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PROPAGATION OF TREE CROPS

The selection and propagation of trees for agricultural
purposes can produce wondrous crops from relatively
insignificant ancestor plants. Crab-appleancestors were
selected over time to create today’s apple. More re-
cently in the United States the southern pecan has been
transformed from a wild hardshelled small nut to the
paper-thin-shelled nuts of modern commerce. Fach
native fruit, nut and forage tree species has much
genetic variability in such qualities as size and raste of
fruit, age at first bearing, annual consistency of yield
and ease of propagation. By finding an individual wild
tree with one or more of these traits and propagating it
into many identical trees, one can create orchards of
high productivity. These can be later cross-pollinated
with other outstanding cultivars and can result in a
next generation of multiple good traits.

There 1s a striking difference in the ease of vegeta-
tive propagation berween long-domesticated tree crops
such as apple, mulberry, fig and grape and wild trees
such as walnuts, hickories, oaks and paw-paws. Over
centuries of cultivation and migration the trees in the
first group which were most easily and successfully
propagated were the ones to spread to new lands,
becoming casicr and casier to propagate in the proc-
ess. Forest trees, on the other hand, are in nature
selected by a multitude of forces for many qualities,
and consequently they show a wide variability in their
capacity to root or graft successfully.

For agricultural forestry research we would like to
use many of the native species, in addition to proven
foreign species such as Persian walnuts, Chinese chest-
nuts and Oriental persimmons, adapted to American
soils and climates. These species are relatively difficult
to propagate, but the following propagation tech-
niques show promise of more rapid and successful
results than those currently practiced.

OBTAINING SUPERIOR CULTIVARS

Over the past several centuries of land use in the United
States, the clearing of forests for agricultural use
has considerably reduced the genetic scope of native
tree crops. Some have become endangered species
(53). Yet because of their recognized utility, they have
often been spared by the farmer when clearing land to
provide food for himself or his livestock (19). Thus
good trees have been preserved in fencerows, pastures,
and farm woodlots. Over the subsequent years many
outstanding cultivars have been named by members of
the Northern Nut Growers Association and the North
American Fruit Explorers (48, 49), whose members
are mostly amateur plant appreciators who have dis-
covered much of what 1s known about the growth
habits and propagation methods of native food plants.

Many of the best cultivars known of noncommercial
species are found only in a few private collections of
members of these organizations and are propagated
irregularly if at all. A few of the most popular can be
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purchased commercially, and many can be custom-
grafted with advanced notice, but to our knowledge
no large arboretum or nursery of native food plants has
been established. For valid comparison of varieties, we
propose collecting many of the named varieties for
propagation and field experimentation. Existing collec-
tions by past researchers offer the best access to plant
material. Of particular interest 1s the remaining tree
collection of the late J. Russell Smith, a noted pioneer
in the concept of tree crops. In the first half of this
century, Smith collected superior food tree culuvars
from across the United States and established them for
observation at his nursery near Round Hill, Virginia.
A few of the species obtained by Smith during this
period, such as the Chinese chestnutand various strains
of the Oriental persimmon, were imported and have
since become widespread and valuable commercially.
World War II stopped all work at the site and the
serious research ended. The site has since become
overgrown and unused.

On several occasions, subcollections of Smith’s best
trees were transferred to other sites for farm-scale test-
ing. Most notable of these are the direction of the
T.V.A.in Tennessee and a site in Pennsylvania under

Photo by R D Zweig

the direction of John Hershey. In each case the man in
charge fell ill and the collections were virtually aban-
doned although portions of the tree stock are sull
intact. These three sites are of ardent interest in resum-
ing the tree research of these men. It islikely that many
of the superior trees on each place have produced
chance hybrids that could be superior to the parents.
These are the only places where tree crops of many
types are growing in a forest-like condition so that a
study of the relative ability of each variety to existina
mature canopy situation would be possible.

J. Russell Smith’s family, the present T.V.A. staff,
and Mrs. Hershey have all assisted and encouraged
efforts at exploring the possibility of re-evaluating the
remaining tree resources. If research support is found,
we propose to:

. identify remaining tree varieties,

. observe chance hybrids in the vicinities for superior quality,
. colleet and distribute valuable cultivar scions to other re-

searchers and commercial nurseries,
4. clear underbrush and provide permanent labels for known
varieties, and

5. write evaluations and recommendations for future develop-
ment.

99 I
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It scems appropriate that a serious study of the tree
crops concept should pick up where its foremost pro-
ponents left off.

NURSE-SEED GRAFTING

An outstanding nut-tree cultivar is normally propa-
gated by grafting one of its branches onto a young
nut-tree seedling of the same or of a closely related
species. This operation requires considerable skill,
time and seasonal accuracy. The final expense is high,
which is the major constraint on large-scale availabil-
ity of many important nut trees.

An alternative, relatively new technique called
“nurse-seed grafung” (first described in 1964) offers
several potential advantages over normal outdoor
spring grafting:

L. The rootstock is sprouted nut seed; normally two years are re-
quired to grow a large rootstock for grafting.
2. Timing and weather are not critical; the grafting can be carried
out atanindoor table or greenhouse bench over several months.
- Thetechmique is relatively simple, requiring less skill than con-
ventional nue-tree grafting.

W

4. Ininal root-scion compatibility can be determined within +—3
weeks without long and expensive nursery growth of rootstock.

The basic procedure is summarized in Figure 14.
Most research to date has been on Chinese chestnuts,
avocadoes and camellias. Timited trials have also in-
cluded oaks, pecans, walnuts and some of the drupe
fruits such as peach or plum. Success has varied con-
siderably, ranging from 88.99 with certain chestnut
stock-scion combinations to little success with mature
oak scions or cross-species grafts. A very limited
number of species and cultivars have yet been tested.
This technique offers an efficient method to test

Figure 14.

quickly and to mass propagate many unavailable cul-
tivars.

A germinating nut is cut to allow a thin-wedged
dormant scion to be inserted at the point of root/shoot
growth. A modified method is to insert the scion into
the split hypocotyl. The graft is then placed in a warm
medium for healing and rooting. It is later moved to a
nursery of the field.

PLASTIC TUBE CULTURE OF TAP-
ROOTED TREES

Many tree species which are highly valuable for pro-
duction of food or forage normally grow a long tap-
root as seedlings. Walnuts, hickories, many oaks, paw-
paws, pecans and horse chestnuts are all examples of
food trees that tend to be avoided by commercial
nurseries because of the difficulty of digging and suc-
cessfully transplanting them. A taproot without room

REFERENCE FOR FIGURE 14
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Beck, A. R. 1974, “Nurse-Seed Propagation Techniques,” Un-
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University. 67 pp.
Googans, ]. I, and Moore, ].C. 1967. *“A New Method of Graft-
ing the Large-Seeded Oak,” Journal of Forestry, 65: 656.
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to develop results in a stunted tree; a taproot damaged
in early development seriously reduces the viability of
a young tree. Often tap-rooted trees stored and shipped
barerooted fail to survive (19).

A promising solution to propagation and shipping
of such trees has been developed for pecans. The tech-
nique uses inexpensive polyethylene tubing as deep
containers for seedlings, which allows normal taproot
development. The seedling can be budded or grafted
while growing in the tube. When needed, the seedling
is carried in the tube to its final field location, where the
tube is removed and the rooted seedling is slipped into
its hole. Transplanting shock is minimal and the season
during which planting is possible is greatly increased
over conventional bare-rooted dormant stock.

The use of this method is ideally suited to small-
scale nurseries, eliminating the need for digging ma-
chines or expensive containers normally used for the
same purpose (barrels or lath tubes).

REFERENCES FOR FIGURE 15

Hinrichs, H. A., and Smith, M.W. 1975. “Greenhouse Production
of Pecan Trees in Plastic Tubes.” Northern Nut Growers As-
sociation Annual Report, 6§6: 37-40.

Hinrichs, H. A. 1976. “The Effect of Supplemental Light on
Growth of Seedling Pecan Trees Grown in Plastic Tubes,”
Northern Nut Growers Association Annual Report, 67: 90-92.

Figure 15. Plastic tube culture of tap-rooted trees.

TESTING NUT QUALITY OF YOUNG
TREES

Systematic tree-crop IMprovement requires growing
and evaluating hundreds of young seedling trees. These
seedlings are usually the result of cross-breeding of
two high-quality parents in hopes of getung an even
better hybrid. Unfortunately there is a long wait until
the young seedling produces nuts for evaluation of
quality. It can take from 10 to 12 years for walnutsand
hickories. This waiting period can bereduced by 4 to 6
years if a branch of the seedling is grafted to a mature
tree, forcing it into early fruiting (19). Such grafung s
subject to difficulties of incompatibility between stock
and scion, high skill and labor requirements and the
necessity of maintaining mature stock trees.

A much easier technique to hasten nut production
has recently been described by Stoke (51). In several
different tests with black walnut he chose a small
minor branch of a walnut seedling that had never
produced nuts and girdled it with a band of copper
wire during one growing season. The band was then
removed in the fall. The next summer that limb alone
produced a good crop of nuts. The forcing effect did
not carry over to the next summer.

Tree physiologists have reported similar early fruit-
ing in other species as a result of controlled girdling
(52). These observations suggest that seedling trees
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wire girdle on branch

Vigure 16. Farly fruit quality testing by controlled girdling.

under observation in nursery rows could be induced to
fruit at a very early age to quickly eliminate inferior
trees. The technique would provide a simple way to
test seedlings growing in the wild when thinning is
necessary. Perhaps most important, early induced
flowering and fruiting would make possible rapid
genetic manipulation and tree breeding progress. Re-
search on the effectiveness of the technique would be
fairly simple. Commercial nursery stock of oak, wal-
nut, hickory and other slow-fruiting seedlings can be
tested to determine optimum seasons and duration of
controlled girdling that produces earliest fruiting with-
out permanent damage.

EPILOGUE

Forests perfom irreplaceable ecological services as well as provide
economic products and recreation. They assist in the global cycling
of water, oxygen, carbon, and nitrogen. They lend stability to
hydrological systems, reducing the severity of floods and permit-
ung the recharging of springs, streams, and underground warters.
Trees keep soil from washing off mountainsides and sand from
blowing off deserts; they keep sediment out of rivers and reser-
voirs and, properly placed, help hold topsoil on agricultural fields.
Forests house millions of plant and animal species that will disap-
pear if woodlands are destroyed.

Erik Eckholm

“Planting for the Furure:
Forestry for Human Needs,”’
Worldwatch Paper 26, 1979.

girdle removed

branch alone fruits
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The ecological advantages of tree crops are quite
obvious; the economic consequences are more subtle.
Good ecology and good economics often appear to be
in conflict when viewed over the short term. But a
time-frame of several generations or several centuries
reveals an “economics of permanence” in which eco-
logical well-being of a settled people is identical to
economic well-being. Our present economic theories
of investment and profit fail us as a basis of permanent
community or cultural security. The drive to maxi-
mize profit results in constantly searching for and ex-
ploiting greener pastures rather than nurturing the
lands at hand. The period of human history is ending
in which migration can avoid the consequences of
careless stewardship; we now face the difficult task of
coming to terms with nature.

Forging of a land ethic which carefully considers
global and future consequences is now paradoxically
only possible by using fruits of knowledge and tech-
nology produced by the civilization which has made
such a task crucial. Our energy-intensive, medically
protected society is immune to the population controls
most species face, while the mechanical power and



technical knowledge we control can displace almost
any natural community. Necessary ecological feed-
back, which in nature operates at a subtle strucrural
and behavioral level, must in our case become con-
scious and monitored with a large dose of communica-
tive technology. The traditional knowledge of past
cultures and present science is available for reconstruc-
tive design of human landscapes. Airand water quality
can become sensitive indicators of stress and degrada-
tion of ecosystems, with the aid of low-energy elec-
tronic computation and communication systems to
pinpoint and communicate sustainable levels.

Materials technology offers long-lived tools, shelter,
and agriculturally useful membranes for plant and
animal management. Perhaps most importantly, re-
maining fossil-fuel supplies permir transportation and
distribution of available nutrients, biotic species, and
soil conservation structures that will allow regionally
self-reliant agricultures to become established.

Tree crops and other agricultural perennials are
important elements in agricultures of the future. They
are resilient, self-maintaining food producers which
auromatically perform services and functions now

subsidized by fossil fuels. Their culture and mainte-
nance require relatively simple tools and easily acquired
skills. Eminently suited to rocky hills, urban, subur-
ban and other landscapes not considered agricultural,
they offer the best compromise between food pro-
duction and landscape amenities, and between en-
vironmental protection and materials production.

Creative design of agricultural landscapes using tree
crops is in a very early stage; farmers, orchardists, city
planners, foresters, and ecologists have only begun to
cooperatively explore the merger of their knowledge
and recognize the concept of an agricultural forestry.
Many agricultural trees and plants used for centuries in
various biogeographical regions have only recently
become available in other similar bioregions as poten-
tial agricultural crops. Extinctions and continuous dis-
tribution of plant and animal species around the bio-
sphere has nearly eliminated the chance of retaming
“narural” ecosystems. Thus ecological designers must
now begin to create a symbiotic community of plants,
animals, and humans with the visionary goal of per-
manently sustaining them all.
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New Alchemy Tree Crop Research

Paula Gifford and Earle Barnhart

The following article on mulberry productivity is one
of a number of special tree-crop research papers inter-
mittently being produced for communication with
other tree-crop researchers and associates. They are
special-topic reports on aspects of tree crops, tree cul-
ture, and agricultural forestry design that we have
found to be useful or important in our work. The
series 1s called “New Alchemy Tree Crop Notes” and
includes:

NO. 1 BIBLOGRAPHY OF AGRICULTURAL FORESTRY

NO. 2 OrGANIZATIONS, (GROUPS AND INDIVIDUALS
Invorvep with THE TreE Crops

NO. 3 New ALcHEMY MULBERRY YIELD MEASUREMENTS,
1978

NO. 4 New Avcuemy’s Tree Crops RESEARCH,
1978-1979

NO. 5 NURSE-SEED GRAFTING OF TREES

NO. 6 Prastic Tuse Curture oF Tap-Rootep Trers

NO. 7 CoNTROLLED GIRDLING OF TREES FOR EARLY
Quarry TestiNG

NO. 8 FrasBiLiTy oF DOMESTICATING SQUIRRELS As NUT
(GATHERERS

NO. 9 WiNDSCAPING wiTH T REES
NoO. 10BerscapinGg witH PorLen anp Nectar Prants

~No. 11 Sources oF “AxtiQue” Haroy DoMestic
ANIMAL VARIETIES

No. 12 WiLrLow CorppicinG For Fugl, Figer axn Forace

Serious tree crop workers may obtain copies (at printing
cost plus mailing) by contacting Farle Barnhart, The
New Alchemy Institute, P.O. Box 47, Woods Hole,
Mass. 02543.

Mulberries represent a valuable food for human con-
sumption and animal feed. J. Russell Smithin Tree Crops
describes a region in Afghanistan wheredried mulberries
(Morus alba) are a major staple. In the southern parts of
the United States, mulberry trees were often found in
pastures for pigs and poultry, providing feed which
was harvested by the animals as it fell. Several varieties
described as “everbearing” bear from May to August
in the South.

Our harvestmeasurementsindicate that on Cape Cod a
mature tree can yield over 400 pounds of collectible fruit,

plus an additional amount taken by birds and squirrels.
[ have extrapolated this yield to 5.68 tons peracre. On
such a scale the fruit would best be collected directly
by the foraging animals, and various cultivars should
be interplanted to give a longer, sustained vyield of
many months.’

Nurtritive information on mulberries is scarce and
probably nonexistent for the United States. USDA
sources do not mention mulberries as either human
food (USDA Handbook #72; 1971, covering 2,483
food items) or as animal feed (A #las of Nutritional Data
of the U.S. and Canadian Feeds; 1972).%3 The only clue
is an analysis of the dried mulberries used in Afghanis-
tan, which shows them to haveabout the food value of
dried figs.4

Individuals of the North American Fruir Explorers
are the only people we know in this country research-
ing mulberry cultivars.$

Mulberry Yield—1978

Fallen fruit was harvested from a mature mulberry tree
(Morus alba) with a trunk diameter of 22 inches and a
canopy spread of approximately 1,553 square feet.
Fruit was collected daily over 30 days from netting on
the ground which intercepted approximately 759 of
the canopy spread (1,144 square feet). Birds and
squirrels consumed an additional unmeasured quan-
tity of fruit. Markerable fruit was processed for human
consumption (709%) and the remainder (309%) was fed
to young chickens.

Collection from 749, of the canopy area yielded
135.7 kg. of fruit. Toral collectible yield was esti-
mated to be approximately 184.2 kg. (405.2 lbs.).
Distribution of yield from June 28 to July 28 is shown
In Tables 1 and 2. Unmarketable fruit was cagerly
eaten by young chickens.

1 J. Russell Smith, 1950, Tree Crops: A Permanent Agriculture (Devin-Adair Co.), pp.
97-109.

2 U.S.D.A. Agricultural Handbook No. 8, December 1963; 190 pp. covering 2,483
food items.

3 Atlas of Nutritional Data of U.S. and Canadian Feeds, 1972, National Academy of
Sciences.

4 Smith, op. cit., pp. 107-8.

5 North American Fruit Explorers, 1848 Jennings Drive, Madisonville, Ky. 4231.
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Kilograms
collected
from 749,
of dripline
area

TABLE 1—VYield of Fallen Mulberries: 1978

| |
28 30 2 + 6 8 10 12 14 16 18 20 22
JEXF JULY

(Double and triple points on graph are two and three day accumulations averaged over the period.)

TABLE 2- Harvest Data

Gms.
June 28 760
29 2,045
30 3,940
July 1 3,256
2 )
3 9,768
+ )
5 14,542
6 5,060
7 5,596
8 6,395
9 )
10 16,099
11 10,266
12 9,960
13 5,841
14 6,143
15 )
16 ()
17 12,810
18 1,314
19 1,684
20 3,816
21 3913
22 ")
23 )
24 10,572
23 785
26 330
27 340
28 458

TOTAL 135,695 gms.

or

135.7 kg

(") Fruit not collected until next day.
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Our aquaculture research at New Alchemy is proba-
bly among our most innovative. Its goal is pretty prag-
matic: to explore ecological and economic ways of
growing protein. Should a rationale beyond obvious
need be needed, John Todd's article, “Where Have
All the Fishes Gone?” makes clear that aquatic as
well as terrestrial and aerial forms of life are endan-
gered as things now stand. But like so much of our
work that begins with a gloomy or doomwatch prog-
nosis, this is sometimes offset by encouraging
courses of action that open up to us. This is borne out
in the success story told by Bill McLarney and Jeff
Parkin in “Cage Culture.”

The next piece, "Biological Filters,” by Michael
Connor, describes an experiment that he conducted
at New Alchemy in the summer of 1978. Michael is a
doctoral student in biology at Woods Hole Oceano-
graphic Institution. His work has provided us with
some useful and relevant information.

The series of articles that follow this first section,
subsumed under the umbrella title Solar Aquaculture,
with contributions by Ron Zweig, John Wolfe and

David Engstrom, covers our most recent work with
aquaculture in artificially simulated, semi-closed eco-
systems. The first article by Ron on the Domes explains
how our fish get their start in life in a subsurface pool
in a small geodesic dome. The rest of the series is
concerned with observations of the solar-algae ponds
which are five-foot-high translucent cylinders that
contain sunlight-driven ecosystems of surprisingly
high productivity. Ron summarizes the history of this
type of solar-driven aquaculture; then the fish culture
techniques, chemistry and energetics are described
by Ron, John and David.

Concluding the section is a fantasy by John Todd,
whose track record of transforming fantasy into real-
ity is hard to surpass. He shows how many of the
ideas that we have developed at New Alchemy could
be integrated into a very small-scale but profitable
homesteading scheme. It is a comfortably homey
vision with considerable biological sophisticcation that
comes together as something like an aquatic “Have-
More” plan.
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Where Have All the Fishes Gone?

John Todd

[Last winter a sign was posted on the door of a local
Cape Cod fish market. It said: “Temporarily closed
due to high prices and lack of fish.” The store is
supplied by local fishermen and is independent of
distant supply networks. Being close to the source, and
near onc of the country’s greatest fishing grounds, it
should have been less vulnerable than most fish mar-
kets.

Several months later, the price of voung, live ecls
mysteriously and rather ominously shot up to $1,000
a pound. Young eels were being flown to Japan where
aquaculturists raise them to edible size. They were
being transported half-way around the world to a
scemingly insatiable market. Ironically, several months
later, the price dropped when the Japanese concluded
that North American eels didn't taste as good as their
own. However, with eels in short supply, Iam betting
that they will come to appréciate the taste of our ecls.
was told that the atmosphere associated with the fish-
cry on this coast was sinister and not unlike the drug
trade where the stakes are high. Valuable and rare
commoditics, including eels, attract the underworld.

Cape Cod 1s named in honor of a fish which has been
a traditional mainstay of New England’s economy.
The cod 1s under pressure too; recently an inshore
dragger captain with a substantial vessel was quoted in
the local press. He complained one bitter January
mornimng: “Four passes, four damn passes in the snow.
And whart did I get for it?> Not four-hundred fish . . .
not forty. But four lousy fish, and small too, not even
enough for supper.” I had thought that his problem
was that he specialized in such a sought-after species,
but I was probably wrong.

['have a friend, Bryce Butler, who is writing a book
on a subject dear to his heart and nearer to his stomach,
entitled The Trash Fish Cookbook which he is co-
authoring with Bill McLarney. The first installment of
their book has already appeared in The Book of The
New Alchemists (E. P. Dutton Press, New York).
Lately, Bryce has been looking up fish brokers and
various markets inquiring about trash fish. Old timers
here would have one believe that half the ocean fishes
caught n our waters arc inedible and only fit to be
thrown back into the sea. There is a snobbery tied to

The Journal of the New Alchemists 79



what one eats and does not eat, or so the local myth goes.
[t was the little used and unappreciated fish that were the
objects of my friend’s quest; but he was told by fish
buyers, in no uncertain terms, that there are no trash
fish any more. The term is obsolete. All fish command
high prices. The wolf fish, a big strange-looking blenny,
1s being used in the fish-and-chips trade, and [ under-
stand that they are good indeed. Even one of the most
grotesque-looking fish in God’s creation, the goose-
fish, has become a fish of commerce these days. My
friend was much saddened by this news. [t’s harder to
write about trash-fish cooking if there are no trash fish.

For some reason I don't fully understand, old no-
tions die hard. It usually takes years, or even decades,
for a new reality to catch up with events. There is a
boom 1n fishing-boat building these days that has been
fueled by the optimism created by the two-hundred-
mile fishing limit. Every issue of my favorite news-
paper, The National Fisherman, has page after page
describing bigger and faster ocean-going vessels being
built in places like Coos Bay, Oregon; New Bedford,
Massachusetts; and Mobile, Alabama. These boats are
getting more-expensive-—costing up to $7-8 million-—
and they are getting more efficient at gathering up
what remains in the sea. The huntis on. The only force
that might keep the oceanic hounds at bay, and save the
fish stocks, 1s the rising cost of fuel. Fishermen with
financial investments as large as these are going to find
ways around any regulations that might be set up to
curtail their actuivities. Their only alternative to bank-
ruptcy may well be evasion of the law. Further, the
crists, and I don’t think this 1s too strong a word for
what 1 am describing, is not just confined to North
America. It 1s worldwide.

Just over a year ago, when [ was traveling in
southern Europe, the danger signs were unmistakable.
In southern France ocean fish were in very short
supply and their prices in market towns like Aix-en-
Provence were far higher than beef, lamb or pork. The
only reasonably priced fish served in restaurants were
trout, which incadentally were superbly cooked.

In Italy, particularly in Rome, the situation was
even more grave. One particular evening we were
positively lusting after Italian fish cooking, and as
good luck would have it we spied a small restaurant in
a narrow, out-of-the-way alley which served fish
exclusively. The smells emanating from the place were
incredible. Waiting in line to be seated I watched a
couple eating a modest-looking fish followed by salad
and wine and coffee for dessert. Asthey paid their bill I
peered over their shoulders to find out how much it
was. I was stunned. Their meal had cost them the
equivalent of $75. With profound culinary regrets, I
fled to take refuge in pasta elsewhere.

The fisheries of the Greek islands are severely re-
duced. The inshore waters seem picked over. Wading
in tidepools, [ found little in the way of animal life be-

vond the odd sea urchin and the rare, small fish darting
about amongst the rocks. Considering the size of the
vessels and the manpower in the fishing tlect, the re-
turn on their investment must be slight. One caprain
we befriended financed his vessel through taking tour-
ists to out-of-the-way places for respectable prices.
His livelihood as a fisherman had become almost a
ritualized hobby and the odd fish that he caught were
a cause for celebration.

My wanderings have turned up very little good
news. Even the tropics of the New World are heavily
fished. Near the New Alchemy farm on the Atlantic
coast of Costa Rica, on good days the best reef fisher-
men catch only a few pounds of salcable fish, and the
coveted lobster 1s in short supply. Although Vene-
zuela would appear to bea particularly favored country
with a long coastline and major rivers, including the
Orinoco, that transect it, a former student of mine,
Stewart Jacobson, now studying the African killer
bees there, wrote recently that 1t was difficult for him
to learn much about edible species of fishes because
there were so few around to learn about. He did say
that red snapper was becoming scarce in the local
markets and cost considerably more than filet mignon
in the most expensive supermarkerts. The famed bagre,
or river catfish, didn’t appear in his city’s fish markets
as in earlier tmes. And so the story gocs.

It would seem logical to conclude that world fish
shortages would have catalyzed aquaculture into action
to fill the yawning gaps left by the depletion of wild
stocks. I don’t think thataquaculture has ver responded
to the challenge or to the need. And, with only a few
notable exceptions, there may well be a comparable
shortage of culrured species. 1 am basing this statement
on the price and availability of voung fish to fish
farmers.

Several of my cohorts at New Alchemy and I have
been making back-of-the-envelope calculations of
fish-stock prices and in most instances we have found
that young fish are scarce and costly. The absence of
hatcheries and fish stock may bea real bottleneck in the
development of aquaculture. Perhaps the easiest fish to
breed and hybridize is the tlapia for they can be
spawned 1n large aquaria. Yet, at the present, some
breeders are getting as much as $200 per pound for
yvoung hybrids. Incidentally, all my calculations are
based on batch lots of one-thousand fish. Non hybrid
tilapia can be bought for as low a price as $12 per
pound. Some of the hybrid sunfish cost half as muchas
hybrid ulapia or approximately $100 per pound. The
white amur, or grass carp, seem to be a better bargain.
Their breeding requires hormones and some real ex-
perience. The yvoung are shipped at a larger size and
they can be purchased for between $22 and $50 per
pound. As far as we can tell, the best bargainin young
fish is channel catfish which reflect the volume and the
fairly sophisticated level of catfish culture. Young
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channel cats cost $4-85 per pound. In some parts of
the country trout may be comparably priced.

These figures are not intended as absolutely accurate
or up to date. They are rough estimates based on prices
that we have paid in the past and the weights of fish
received. They do not include shipping costs which
are climbing quickly. However, shipping may stll bea
bargain provided the service 1s good.

These figures with their wide range of from $4 to
$200 per pound for young fish, tell us that price and
volume of cultured species are inversely related. This
1s cerrainly not news, but more easily bred fishes like
tilapia should narrow the gap, which s not now the
case. What is relevant and disturbing is the fact that
many culturable species are in short supply. Hence the
high prices and the scarcities. [ am not faulting the fish
breeders as they are not to blame. The underlying
causes arc 1n the structure of present-day aquaculture.

My purpose 1n all this 1s to alert the aquaculture
community to the possibility of a worldwide, as well
as a national, shortage of fish. These shortages extend
into aquaculture. In the past, “trash” fish have been
elevated to fill the gaps created by depleted fisheries
and have saved the day for fishermen. These replace-
ment fish, whether wolf fish or goosefish, are now
legitimate, leaving precious few unexploited fisheries.
Now the onus is on aquaculture, and it will have to see
itself in a new light. A whole new generation of fish
breeders, suppliers and growers are going to be needed
and on a magnitude that we can hardly imagine. [ have
one suggestion. As a starter | propose that several of
the lesser-known cultured fishes that feed low on food
chains be farmed to replace ocean fishes in the large
fish-and-chips market.

[t would be a major task, but one well worth at-
tempting.

Photo by Hilde Maingay
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Peck’s Milmauker Sun 1877

There are fish that should be propagated in the interest
of the people. There isa species of fish that never looks
at the clothes of the man who throws in the bait: a fish
that takes whatever is thrown to it, and when once
hold of the hook never tries to shake a friend, but
submits to the inevitable, crosses its legs and says,
“Now I lay me,” and comes out on the bank and seems
to enjoy being taken. It is a fish that is the friend of the
poor, and one that will sacrifice itself in the interest of
humanity. That is the fish that the State should adopt
as its trade-mark, and cultivate friendly relations with,
and stand by. We allude to the Bull-head.

The Bull-head never went back on a friend. To
catch the Bull-head it is not necessary to tempt his
appetite with porterhouse steak, or to display an ex-
pensive lot of fishing tackle. A pin-hook, a piece of
liver and cistern pole, is all the capital required to catch
a Bull-head. He lies upon the bottom of a stream or
pond in the mud, thinking. There is no fish that does
more thinking, or has a better head for grasping great
questions, or chunks of liver, than the Bull-head. His
brain is large, his heart beats for humaniry, and if he
can’t get liver, a piece of tin tomato-can will make a
meal for him. It 1s an interesting study to watcha boy
catch a Bull-head. The boy knows where the Bull-
head congregates, and when he throws in his hook it is
dollars to buttons that ““in the near future”” he will geta
bite.

The Bull-head is democratic in all its instincts. If the
boy’s shirt is sleeveless, his hat crownless, and his
pantaloons a bottomless pit, the Bull-head will bite just
as well as though the boy is dressed in purple and fine
linen, with knee-breeches and plaid stockings. The
Bull-head seems to be dozing—bulldozing, we might
say—on the muddy bottom, and a stranger would say
that he would not bite. But wait. There is a movement
of his continuation, and his cow-catcher moves gently
roward the piece of liver. He does not wait to smell of
it, and canvass in his mind whether the liver is fresh. It
makes no difference to him. He argues that here is a
family out of meat. “My country calls,and I must go,”
says the Bull-head to himself, and he opens his mouth
and the liver disappears.

[t is not certain that the boy will think of his bait for
half an hour, but the Bull-head is in no hurry. He lies in
the mud and proceeds to digest the liver. He realizes
that his days will not be long in the land, or water more
properly speaking, and he argues that if he swallows
the bait and digests it before the boy pulls him out, he
will be just so much ahead. Finally the boy thinks of
his bait, pulls it out, and the Bull-head is landed on the
bank, and the boy cuts him open to get the hook out.

* Theodatus Garlick, M.D., 1877, quoting from “Peck’s Milwaukee Sun’ in
Artificial Propagation of Fish, J. B. Savage Printer, Cleveland. 128 pp.

Some fish only take the bait gingerly, and are only
caught around the selvage of the mouth, and they are
comparatively easy to dislodge. Not so with the Bull-
head. He says if liver is a good thing, you can’t have
too much of it, and 1t tastes good all the way down.
The boy gets down on his knees to dissect the Bull-
head, and get his hook, and it may be that the boy
swears. It would not be astonishing, though he must
feel, when he gets his hook out of the hidden recesses
of the Bull-head, like the minister who took up a
collection and didn’t get a cent, though he expressed
thanks at getting his hat back. There is one drawback
to the Bull-head, and that is his horns.

Pholo by Hilde Maingay

We doubt if a boy ever descended into the patent
insides of a Bull-head, to mine for Limerick hooks, that
did not, before the work was done, run a horn into his
vital parts. But the boy seems to expect it, and the
Bull-head enjoys it. We have seen a Bull-head lay on
the bank and become dry, and to all appearances dead to
all that was going on; and whena boy sat down on him,
and got a horn 1n his elbow, and yelled murder, the
Bull-head would grin from ear to ear, and wag his rail
as though applauding for an encore.

The Bull-head never complains. We have secena boy
take a dull knife and proceed to follow a fish line down
a Bull-head from his head to the end of his subsequent
anatomy, and all the time there would be an expression
of sweet peace on the countenance of the Bull-head, as
though he enjoyed it. If we were preparing a picture
representing “‘Resignation,” for a chromo to give to
subscribers, and wished to represent a scene of suffer-
ing in which the sufferer was light-hearted, seeming to
recognize that all was for the best, we should take for
the subject a Bull-head, with a boy searching with a
knife for a long-lost fish hook.

The Bull-head is a fish that has no scales, but in licu
thereof has a fine India rubber skin, that is as far ahead
of fiddle-string material for strength and durability as
possible. The meat of the Bull-head 1s not as choice as
that of the mackerel, but it fills up a stomach just as
well, and The Sun msists that the Fish Commissioners
shall drop the hatching of aristocratic fish, and give the
Bull-heads a chance. There’s millions n 1t.
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Cage Culture

Bill McLarney and Jeffrey Parkin

At last we have a cage-culture success story to offer
those of you who want to grow fish for home con-
sumption but have found that neither conventional
aquaculture nor New Alchemy closed-system culture
serves your needs. The rationale and basic techniques
for cage culture were discussed in the fourth Journal
(McLarney, 1977). At that ume our case for cage
culture would have been more convincing had we been
able to back it up with impressive vields from the cages
in Grassy Pond. But for two vears we were embar-
rassed to have to report a failure to produce a respect-
able crop of caged fish (Mclarney, 1977; Mcl.arney
and Parkin, 1978). Then in 1978 we managed to turn
the tables, recoup our losses and come in with 2
bumper crop of bullheads.

The journal of the New Alchemists

While we are more inclined now to share our satis-
faction than to dwell on previous failures, they must be
recalled for long enough to explain what it was that
made the difference. The major factor lay in the species
selected for culture. Prior to our success with yellow
bullheads (lctalurus natalis), we had suffered disap-
pointments with brown bullheads (Ietalurus nebulosus)
and three sunfishes, the bluegill (Lepomis macrochirus),
the pumpkinseed (Lepomis gibbosus), and a “hybrid
bluegill” (2 bluegill x & green sunfish, Lepomis cyanel-
lus). In 1978 wealso conducted an unpromising, albeit
perfunctory, trial with yellow perch (Perca flavescens).
{ do not mean to imply that these fish are unsuitable in
all cases. Francis Bezdek, of Aquatic Management,
Inc., in Lisbon, Chio, who was kind enough to donate

83



some of his hybrid bluegills to us, has had considerable
success with them. However, he advised us that the
only really effective feed he has found for them is
minced trash fish, which is not practical for us to
supply in quantity. Pure-strain bluegills have been
successfully grown in cages at least once (Ligler,
1971).

We wish we could offer our readers some assurance
that our experience of trial-and-error would save you
the same. We cannot, but we submit that the yellow
bullhead worked for us and so merits your serious
consideration. We are, however, confirmed in our be-
lief that cage culture, heretofore exploited in North
America principally by commercial scale fish farmers,
will eventually become a major method of raising
protein for home consumption.

Our decision to work with yellow bullheads was
actually made by default. We began the 1978 fish
culture season by convincing ourselves the previous
year’s mass mortalities of brown bullheads were
“flukes” (everyone knows you can hardly kill a bull-
head) and that very careful handling would eliminate
the problem of post-stocking mortality. It is doubtful
that anyone could have been more solicitous than we
in trapping, transporting and transferring our most
recent batch of brown bullheads. But within a few
days of stocking, the characteristic symptoms of loss
of appetite, blotches on the skin and disequilibrium set
in, both in the cages and in other tanks and ponds on
the farm. Almost immediately, we suffered almost
total mortality of captive brown bullheads at several
locations. All the while, brown bullheads were thriv-
ing in the wild in Grassy Pond. As if to rub salt in our
wounds, they would congregate around the cages,
seeking scraps of feed.

Brown and yellow bullheads are indistinguishable
to the casual observer and virtually identical in size and
table qualities. (See taxonomic section at the conclu-
ston of this paper.) We initially chose the brown bull-
head on the basis of convenience; it 1s much more
common on Cape Cod than the otherwise widely
distributed yellow bullhead. With the most recent die-
off of brown bullheads, it was easier to convince our-
selves that the difference of species marttered and that it
might be worth the trouble to seek out and trap yellow
bullheads. Bill Mclarney had participated in be-
havioral research with yellow bullheads in Michigan,
California, and Massachusetts, without observing un-
due mortality. And there were those empty cages in
Grassy Pond . . .

Trapping a mimmal supply of yellow bullheads
turned out to mvolve a couple of all-night adventures.
We nearly lost a great number when one of us fell
asleep and failed to detect an oxygen problem. But by
June 29, 1978, with a month of the growing season
already spent watching brown bullheads die, we were
able to begin feeding our newly acquired yellow bull-
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heads in the cages in Grassy Pond. Despite substan-
dard handling and a skeptical attitude on our part, the
yellow bullheads thrived; only seven of the 214 fish
(3.39;) died during the four months of the experiment.

Our original plan had been to stock four 1.2mx 1.2
mx 0.9m (4fex4ftx3ft)cagesac 516,367,219and
74 bullheads per cubic meter (14.6, 10.4, 6.2 and 2.1
per cubic foot respectively). However, the relative
scarcity of small vellow bullheads that late in the sca-
son led us to cut down the number of cages to three,
and to divide these cages into two halves witha Vexar®
mesh parttion. In an cffort to maximize the amount
of obtainable information, one half of cach cage was
stocked with sunfish, the total consisting of approxi-
mately 809 hybrid bluegills, 159, bluegills, and 59
pumpkinseeds, some of which had been held over from
the previous year. These fish were fed a diet of Purina
Trout Chow®, flying insects, which were caprured
using ultraviolet bug-light traps, and cultured midge
larvae. Unlike the results with the yellow bullheads,
the yields of the sunfishes were no more encouraging
than in previous years and merit neither further re-
marks nor data analysis.

The other half of cach cage was stocked with 100,
70 and 39 bullheads, or 148, 102 and 56 bullhcads per
cubic meter (4.2, 2.9 and 1.6 per cubic foort respec-
tvely). Since our mninal expectations and our stock of
vellow bullheads were similarly limited, we confined
ourselves to gathering baseline data by feeding with
Purina Trour Chow® 1n 1978, although we are stull
convinced of the shortcomings of commercial fish
feeds as outlined 1n the fourth Journal and continue to
work toward their total or partial replacement with a
diet that 1s cheaper and more appropriate ecologically.
[nitially the bullheads were fed at a rate of 39 of toral
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body weightof fish, six days a week. The amount was
recaleulated every two weeks on the basis of sample
weighing consisting of /3 of the fish in each cage. At
umes during the study, particularly in the final month,
the bullheads would not consume that much feed. We
attempted to reduce the rate of feeding at such times,
but some feed was wasted. The bullheads were har-
vested November 3; results are shown in Table 1.

As can be seen from Table 3, during the period from
October 6 to November 3, the bullheads in two of the
three cages lost weight. Water temperatures in the cages
during this period remained mostly between 4° and
16°C. (~v 40°and ~ 60°F.). The lowest temperature
recorded between June 29 and October 6 was 15°C.
(59°F.) We conclude provistonally that the minimum
temperature for practical culture of yellow bullheads 1s
to be around 16°C. (~~ 60°F.). According to our
estimates, had we harvested on October 6, the results
shown m Table 2 would have been obrtained.

Based on estimated production as of October 6, we
calculate the monetary cost of cage culture of yellow
bullheads in our most productive cage (Cage 1) as
follows:

Cage Matermals (Vexar® mesh, wood,

paint, styrofoam, nylon cord)................. S35.46
Feed oo e i S11.88
Total Weight of Bullheads Produced ............ 10.66 kg
(23.51b)
Cosy Per Unic Welght' ;oo ppwvs v s snmmesssssemes 5 L85 kg

(50.66 1b)

The preceding cost per unit weight figures reflect
one half of the cost of cage materials, as only one half of
cach cage was stocked with the bullheads, with an
amortization period of five years.

The labor involved, apart from biweekly sampling,
which would not be necessary ina productionsystem,
and cage construction came to less than one-halfhoura
day, adding a full day at stocking and harvest ume.

Labor time could be less under other circumstances; to
reach Grassy Pond from our offices necessitates a
quarter-mile walk and a short boat ride. Many grow-
ers could keep cages virtually in their back yards. The
initial cost of acquiring the bullheads is notincluded as
they are easily trapped and transportation costs would
be variable.

As discussed later in this article, we anticipate reduc-
ing the production costs. Even now it is interesting to
compare the cost of cage-cultured bullheads with that
of other animal protein foods. Commercial growers of
channel catfish (Ictalurus punctatus) in the lower Mis-
sissippt Valley report similar or slightly lower costs
over a twelve-month culture period. From informal
interviews with New Alchemy visitors who grow
trout on a small scale, I estumate that in New England it
presently costs around $3.33 to produce a kilogram
(81.50/1b) of rainbow trout (Salmo gairdneri); large-
scale commercial trout farmers do much better-—about
$1.44/kg ($0.65/1b). Chicken can be produced com-
mercially at about $0.99/kg ($0.45/1b) for straight-
run broilers using conventional methods. I leave it to
the reader to compare the cost of cage-cultured bull-
heads to animal protein purchased from retail markets.

Those wishing to attempt cage culture can read the
basics in the fourth Journal. Armed with the informa-
tion found there and that presented here, you could
then consider suggestions arising from our experience
for improving on our results.

The most obvious tactic for improvement for us
involves timing and rate of stocking. We should stock
our cages as soon as water temperatures are suitable for
growth, probably sometime in May. And we should
stock cages entrely with bullheads, eliminating the
sunfish for the time being. It 1s perhaps less obvious
that it should be feasible to stock our cages much more
densely. The rates used in 1978 are lower than those
used by commercial channel-catfish culturists, and
were chosen only because of our shortage of stock. If

TABLE 1 Resultsof cage culture of yellow bullheads (1ctalurus navalis) in Grassy Pond, Hatchville, Massachusetts, June 29—November 3, 1978.
Total Mean Total Mean Production
[nitial [nitial Final Final Per Volume Conversion
No. Fish Weight Weight Weight Weight kg (1b) of
Cage No. Stocked kg (1b) kg (1b) kg (1b) kg (1b) w3 (f13) Feed
1 100 5521 0.054 (0.12) 15.7 3+.7) 0.16 (0.35) 15.1 (0.94) 2.52
2 39 2.0 4.5 0.054 (0.12) 5.8 (12.8) 0.15 (0.34) 5.6 (0.35) 2.57
3 70 3.9 (8.5 0.054 (0.12) 11.0 (24.2) 0.16 (0.35) 10.4 (0.65) 2.24

TABLE 2—Results of cage culture of yellow bullheads (Ictalurus natalis) in Grassy Pond, Hatchville, Massachusetts, fune 29— QOctober 6, 1978.

Total Mean Total Mean Production
Initial Initial Final Final Per Volume Conversion
No. Fish Weight Weight Weight Weight kg (1b) of
Cage No. Stocked kg (1b) kg (1b) kg (1b) kg.(1b) m3 (ft3) Feed
1 100 5512 0.054 (0.12) 16.1 (35.6) 0.16 (0.36) 15.7 (0.98) 211
2 39 2.0 (+.5) 0.054 (0.12) 52 (11:3) 0.14 (0.30) +.6 (0.29) 2.67
3 70 3.9 (8.5) 0.054 (0.12) 10.7 (23.5) 0.15 (0.34) 10.1 (0.63) 2.03
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TABLE 3 -Stocking, growth rates and incidence of injury and
mortality in three lots of cage-cultured vellowe bullheads
(Icralurus natalis) in Grassy Pond, Hatchwille, M ass-
achusetts, June 29—October 6, 1978.

Percent of Fish

Stocking Rate Scarred or
(Fish Per Percent  Injured From — Percent
Cage No.  Cubic Meter) Growth Fighting®  Mortality
1 148 194.7 4.0 1.0
D 56 1549 31.6 7.5
3 102 176.0 20.3 +3

* These observations were actually made on November 3. From what we know of
bullhead metabolism, these percentages would have very likely been higher on
October 6.

channel catfish will survive and grow at 300 per cubic
meter (8.5 per cubic foot) (Collins, 1978), it is reason-
able ro assume that yellow bullheads, generally a hard-
ter fish, will do well at the same, and perhaps at higher,
densities. More surprising, there is reason to believe
that, not only is total production in cages likely to
increase with denser stocking, up toanas yetunknown
safe upper limit, but the growth rate of individual fish
may actually improve at higher densities. This is the
opposite of what one would logically expect, but our
1978 data suggest such a trend (Table 3).

As 1t happens, the theoretical framework for ex-
plaining the seemingly illogical trends suggested by
Table 3 was provided by the research of John Todd and
his colleagues at the University of Michigan in the
sixties. Summarizing briefly the tale told by John in
Scientific American (Todd, 1971); at low population
densities, yellow bullheads are ordinarily solitary.
Fach adult defends a well-defined territory. Such con-
flicts as occur are between individuals and are mostly
ritualized, and physical injury of one fish by another is
rare. When bullhead populations exceed the level at
which all territories are occupied, fighting will break
out and injuries, even mortality, may ensue. Burt at
still higher population densities, territoriality is
“abolished” and neither ritual defense nor fighting oc-
cur. Mortality, injury, and diversion of growth energy
nto aggressive behavior affect the growth of individual
fish and the productivity of fish culture systems ad-
versely. If population density high enough to eliminate
aggressive behavior can be maintained without creating
pollution problems in the system, it follows that growth
and production might be enhanced. As explained in
the fourth Journal, cage culrure is uniquely suited to
exploit this potential.

Yetanother area in which we hope to effect improve-
ment s feeding. We may or may not be able to improve
the rate of bullhead growth by modifying feeding
methods, but we are confident that we can lower costs
and improve the conversion of commercial feed. Table
3 shows that the growth rate of our bullheads varied
greatly from one two-week period to the next. Insofar
as this apparent variation reflects a real difference and
not merely sampling error, we should inquire into the
sources of variation. Some may be due to differences

in the efficiency with which the fish converted the
food they consumed. We are of the opinion though
that the variable growth rate is primarily a reflection of
the percentage of the offered feed that was actually
caten. At certain umes considerable quantities of un-
caten feed had to be removed from the cages. Signif-
icant reduction of wastage will almost inevitably
come about as we gain familiaricy with the species and
sharpen our judgment as to when to cut back or inten-
sify feeding. As a result, over a period of time, we will
be able to formulate guidelines for correlating feeding
rate with water temperature, as temperature was cer-
tainly the main causative factor in the necar cessation of
feeding that was reflected in the poor growth obrained
during the period October 6—November 3. While we
did not adjust the feeding rate for temperature this
vear, we did begin to gather information necessary to
do so.

[t 1s also possible that alteration of the daily feeding
schedule would improve our results. Research at the
Milwaukee Public Aquarium (Spieler, 1977) sug-
gested that, even though goldfish (Carassius auratus)
will feed at any time of day, conversion of feed is
markedly better at certain times and not others. Ap-
plying this information to bullheads, which are largely
nocturnal, it seems not unlikely that nocturnal feeding
would result in improved growth. Nocturnal feeding
would be problematical for us logistically, but some
home growers, for whom feeding might involve no
more than walking out to the end of a dock, might find
it convenient.

We are considering trying to accomplish the same
end through use of “‘demand” feeders. Demand feeders
are devices loaded with feed, suspended over the wa-
ter. Fish learn to depress a lever which results in the
release of feed. So far we have been disinclined to use
demand feeders, because they tend to reduce the
amount of contact between fish and farmer, and they are
reported to encourage excess consumption of feed.
However, they would almost certainly reduce wast-
age, and it may be that, given the extreme and so far
unpredictable variability in our bullheads’ appetite, it
would be beneficial.

Even without wastage, the major factor in the pro-
duction cost of our bullheads would have been feed. In
American aquaculture as a whole, the single most
costly production item 1s fish food, accounting for
25% to 809 of total costs, depending upon the
efficiency and type of operation (Greenwalt, 1978).
This 1s one reason for our long-range goal to develop
alternative feeds for the fishes we grow. At New Al-
chemy we have available at least five sources of feed
that may be applied in future research on cage culture

of bullheads:

1. cultured earthworms;
2. cultured midge larvae, which have already been shown to have
a growth-promoting effect in tilapia diets (Mclarney, Levine

and Sherman, 1976; 1977);
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3. flying insccts caprured with U-V bug lights;

4. occasional supplics of fish entrails from the cleaning of other
cultured and wild-caughe fish; and

. small cyprinids which gather around thebullhead cages at feed-
ing time. On secing these fish, John Todd suggested that they
could be caprured periodically wich some device like an um-
brella ner, and placed in the cages. In nature bullheads are not
very effective in capruring small fish, but in a small enclosure,
after dark, they will run them down.

w

None of these feeds, with the possible exception of
the earthworms, are available at the present in quanti-
ties adequate for use as the sole food of cage-cultured
fish. Nor would any in itself be likely to provide as
well balanced a diet as commercial feed. However, it 1s
possible that supplementing a commercial diet with
any of them might result in improved growth and/or
conversion. And, since all the alternate feeds are ex-
tremely low in cost compared to commercial feeds,
replacement of even a portion of the commercial diet
with such feeds would result in significant savings.

A final, simpler improvement involves covering
the cages. In 1978, one half of each cage was covered
with black plastic, so that both bullheads and sunfish
had access to open and shaded areas. The bullheads
spent almost all their ime 1n the shaded part. Given
this indicated preference and the fact that channel cat-
fish have been shown to grow better in cages with
opaque covers than in uncovered cages, we plan to
provide full covers for our bullhead cages in 1979.

Another planned modification is a 509 reduction in
cage size, from 1.3 10 0.65 cubic meters (48 to 24 cubic
feet). This is not expected to affect production per unit
volume, but will permit us to gather more data without
cluttering up Grassy Pond. Since yellow bullheads in
1978 grew well in a half of a 1.3 cubic meter cage, we
see no reason why they should not do so in a cage
one-half that size. Ournew 1.2mx 0.6 mx 0.9 m (4 ft
x 2 ft x 3 ft) cages will be smaller, particularly in
surface area, than the smallest cages mentioned 1n the
cage-culture literature (0.9 m x 0.9 m x 0.9 m). Cages
of this size, assuming they prove as effective as we
hope, might be advantageous for some small-scale
growers.

We have gone into some detail abour our plans,
not because we are dissausfied with our 1978 re-
sults -we think our cost and production figures speak
well for New Alchemy cage culture—but because
we wish to mvolve our readers in the ongoing ex-
periment. North American homestead cage culture
today 1s about at the point gardening was when some-
one brought in the first lettuce crop and shared it with
the neighbors. We look for many exciting develop-
ments in the years to come and hope that by sharing,
not only our successes but some of our problems and
untried ideas, we will accelerate the rate of progress.

Ler us return to hard fact to conclude this treatise;
the partcular hard fact at hand being that bullheads are

delictous. This assertion has been made in these pages
before (McLarney and Butler, 1976; McLarney,
1977) but November 3, 1978, marked the first time
we had enough bullheads on hand to prove it to any
New Alchemist and/or local friend still in doubt. A
portion of the crop was fried for the first annual New
Alchemy bullhead feast. And, based on the discrimi-
natng and satisfied smacking witnessed by the par-
takers, it appears the bullhead has few rivals in texture
and taste.

A NOTE ON BULLHEAD TAXONOMY

The American Fisheries Society’s “A List of Common
and Scientific Names of Fishes from the United States
and Canada” lists cleven species in the catfish genus
[etalurus. Six of them, formerly classified in their own
genus, Ameiurus, bear the common name of ‘“bull-
head.” Of the remainder, two are obscure species of
limited distribution, while three (the channel catfish,
Ietalurus punctatus, the blue cacfish, Ietalurus furcatus;
and the white catfish, lezalurus catus)are large species of
commercial importance to fisheries and aquaculture.
No matter that the taxonomists have “lumped” the
bullheads together with the larger letalurus spp., they
differ from the channel, blue, and white catfishes in two
characteristics of importance to small-scale aquacul-
turists. In the first place they are smaller. Most of the
bullheads taken by anglers weigh less than a pound.
Secondly, their delicious red flesh is very different in
appearance and flavor from that of the larger Ictalurus
spp. The bullheads are supposedly hardier than the
other [ctalurus spp., but our experience with brown
bullheads weakens that generalization.

Our experience with brown and yellow bullheads
does indicate the importance of knowing which spe-
cies of catfish you are working with—hence these
paragraphs. The inexperienced aquaculturists may not
know how to distinguish bullheads from small chan-
nel, blue, or white catfishes; 1t is a simple enough mat-
ter. The larger catfishes have forked tails, whereas
bullhead tails are rounded or straight edged.

Distinguishing between bullhead species is another
matter. The three widely distributed bullhead spe-
cies- -the brown bullhead (Ictalurus nebulosus), the yel-
low bullhead (Ictalurus natalis), and the black bullhead
(Ictalurus melas) are extremely similar in appearance.
Before offering our assistance in bullhead identifica-
tion, let me suggest that you not rely on the word of
fishermen or fish farmers, who rarely know which
spectes they have. Nor are the common names of any
use, so great 1s regional and environmental variation in
bullhead coloration. On Cape Cod the rule we face-
tiously cite 1s “brown bullheads look yellow, but yel-
low bullheads appear brown.”
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Figure 4. Brown bullhead (Ictalurus nebulosus) showing
portions of the external anatomy of most importance in species
identification of bullheads.

The characteristics of most use in identifying bull-
heads are:

. pigmentation of the chin barbels,
. the length of the anal fin, and
. the degree of serration on the posterior edge of the pectoral

s B —

spine.

Location of these characteristics is illustrated in Fig-
ure 4; their use in species identification is outlined in
Table 4.

An additional characteristic we find useful on Cape
Cod 1s stridulation which is a “croaking” sound pro-
duced by movement of the pectoral fin in its socket.
We note that brown bullheads often stridulate when
handled, whereas yellow bullheads never do. It is not
known whether this trait would be diagnostic else-
where.

The fourth bullhead species, the flat bullhead (Icza-
lurus platycephalus), 1s unknown to us, but the litera-
ture suggests that it should be relauvely easily dis-

tinguished from the other bullheads, by virtue of its
flattened head and more slender profile, bur especially
by a large black spot at the base of the dorsal fin. Its
distribution 1s apparently limited to the Carolinas,
Georgia, and Florida.

The other bullheads are widely distributed in the
United States, southern Canada, and northern Mexico.
Various texts offer distribution maps for the three
species. However, there are so many exceptions to the
available distribution information as to render these
maps virtually useless as aids to identification. The fact
1s that not only most fishermen, but evena good many
fishery biologists, do not bother to distinguish among
the bullhead species, and so they have all been intro-
duced, willy-nilly, everywhere. As our experience
demonstrates, bullhead taxonomy is important, and
we urge all of you who are even considering working
with bullheads to familiarize yourself with it and in
cases of doubtful identity to consult competent author-
ities.

TABLE 4—Distinguishing Characteristics of the Three Principal Bullhead Species.

Chin Barbel
Pigmentation

Species

Serrations on Posterior
Edge of Pectoral Spine

Length of
Anal Fin

Ictalurus natalis,
yellow bullhead

None (barbels
whitish or yellowish)

Long (23-28 rays) Small, but distinct

Black, dark brown
or with dark spots,
at least on the base

[ctalurus nebulosus,
brown bullhead

Medium (22-24 rays) Stout (If you grasp the
spine between thumb and
forefinger and atrempr to

stroke from the base toward
the tip, the serrations will

catch the skin.)

Ietalurus melas, Like [ nebulosus

black bullhead

Short (16-22 rays) Spine smooth or little

serrations
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Biological Filters, Water Quality
and Fresh Water Clams

Michael Stewart Connor

There is an old vaudeville joke about a man one night
encountering a drunk crawling under a streetlight.
When asked what he was doing, the drunk replied,
“Looking for a penny I dropped.” The man bent
down and helped search for awhile before he asked,
“Just exactly where did you drop it?”’ The drunk
pointed to a spot twenty yards away. “Well, then,

why are you looking for it way over here?” “Because

the light’s better here!”

Much the same story could be told about biological
filters for closed-system aquaculture. Filters were first
built for the aquarium industry, and most aquaculture
filrers are simply extrapolations from those. Yer it
should be obvious that the needs of an aquarist for
keeping a few exotic fishalive in a sterile medium differ
radically from those of an aquaculturist trying to max-
imize productivity at the least cost energetically and
economically.

How does a fish affect the quality of the water in

which it lives? Most obviously it reduces oxygen lev-
els and increases the amount of carbon dioxide in the
water. Also 1t excretes ammonium ions and organic
wastes that are high in nitrogen, the decomposition of
which can lower oxygen levels. Ammonia was long
ago shown to be toxic to fish, and water filters were
developed that catalyzed the microbial transformation
of ammonium to nitrate. These filters are basically
tubes containing lots of surface area—cracked oyster
shells are a popular substrate—and perhaps some sort
of agiration to get more air into the water. Most filters
also screen out phytoplankton, which are sometimes
considered a nuisance because massive phytoplankton
die-offs can seriously deplete the water of oxygen.
The effectiveness of such filters has been judged by
how well they convert ammonium to nitrate, not how
well they allow fish to grow.

A water filter that converts ammonium to nitrate
and removes phytoplankton has little relevance to our
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desire to improve fish growth in solar-algae ponds.
Ammonium is removed from the water by phyto-
plankton to levels far below those the fish can dis-
cern. Yet the phytoplankton themselves are a resource.
They oxygenate the water during the day. In addition
they are a nutritious source of food for herbivorous ul-
apia. New Alchemy has found repeatedly that solar-
algac ponds without filters grow fish just as well as
those with filters, with ammonia levels low mn both
Instances.

Unfortunately, dismissing ammonia toxicity does
not solve all water quality problems. Besides excreting
organic wastes which may foul the water and scavenge
oxygen, fish also release into the water chemicals that
can cause significant behavioral and growth effects.
John Todd has written extensively about chemicals
that cause passivity and aggression in catfish. Little 1s
known about the ecological effects of these chemicals
in natural systems, about either their residence times or
how they are removed from the water. There is a
growing amount of evidence that animals, such as
fresh water clams or mussels, that could remove dis-
solved organics by filtration increase fish growth.

Experiments at Auburn University by H. S. Swin-
gle showed that fresh water mussels can increase the
carrying capacity of largemouth bass—bluegill sunfish
ponde For five years the average standing stock of fish
in a pond containing mussels (Lampsilis clairbornensis)
was 1% times greater than the control ponds. Swingle
felt the difference in fish production was a function of
the filtering action of the 40,000 mussels on the two-
acre pond bottom. The filtering net of a mussel has a
large absorptive surface that can remove dissolved
organic compounds and improve water clarity.

Similar results were found in growing catfish n
170 liter tanks at the Fish Farming Experiment Sta-
ton (Stuttgart, Arkansas) where James Ellis and
Dewey Tackett compared the filtering effect of using
30 mussels (Anodonta spp.) instead of regular water
filters. Catfish in the aquaria containing mussels grew
1% times as fast as those without mussels. There was no
significant difference in water quality parameters in
the tanks.

Such results seem generalizable to a great variety of
fish-mussel combinations. Over the past year [ have
experimented with local fresh water and salt water
species. 'The fish and mussels were placed in 15 gallon
acrated aquaria and fed Purina Trout Chow®. One
combination used our local fresh water mussel £/iptio
com planata, common throughout the Northeast, and
bluegill sunfish. The other experiment used a local
marsh minnow, Fundulus heteroclitus,and the horse
musscl, Maodiolus demissus, and switched aquaria halfway
through the experiment. In all cases fish grew faster in
aquaria containing mussels. These differences were
significant at P<.05 in only a few cases because of the
small sample sizes (Table 1).
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For the most part fresh water clams and mussels
have been ignored in this country. They have little
commercial importance. We usually associate them
with a2 muddy taste, but this need not be so. Most
mussels are quite tasty once they have been transferred
to phytoplankron-rich water for a week.

Some fresh water clams are sold here, for instance
smoked Corbicula at about one inch in width. Intro-
duced to this country from China, Corbicula is consid-
ered a nuisance in the United States because it clogs
irrigation canals and intake pipes. But in Asia, partic-

ularly Taiwan where 5,000 acres are used for Corbic-
ula culture, it is eaten as a delicacy as well as for its
medicinal value in the treatment of liver disease. The
Taiwanese commonly raise them in polyculture sys-
tems with bighead, silver and grass carps. Clam
growth-rate depends on size, local environment and
the amount of food available. Growth ranges from
0.7-39, wet weight/day with an average of about
1%, fast enough to harvest them after one growing
season.

TABLE 1A-—The effect of fresh water mussels (Elliptio com-
planata) on the growth of bluegill sunfish.
Groweth of Eight Sunfish Ten Mussels
(% dav + S.E.) No Mussels (Avg. Wi 80 g)
After 15 davs A7 £ 12 S0 +.08
After 27 days 10+ .08 21 £.09

TABLE 1B Growth of Fundulus in aquaria containing different
densities of mussels.
Vussel Density

Growth (Y day) (Number per 15 1 aquariim)

(+S.Eof Ten Fish) 0 2 6
After 15 days 96 % .10 92+ .11 1.07 +.10
After 29 davs 24+ 055 34 £.058 40+ .049""
Aquaria switched
After 15 days 02 +£.065 21 +.062°
*S.F = Standard error
“*Significantly different (P<.05) from zero mussels Mann-Whitney-

Wilcoxon U-rest.

In the summer of 1978, Ray Dinges sent us some
Corbicula that he had collected in Texas. Ray sent the
clams air-freight in a styrofoam cooler with several
moist sponges on top. 1'he clams spent a day sightsee-
ing in a L.aGuardia terminal due to an airline mix-up.
Even so, when we received them only a small percent
were dead, a remarkable display of hardiness.

While waiting to use the clams in experiments, we
divided them among several solar-algae ponds and a
lab aquarium. During a failure of one of the solar-algae
pond aerators, we learned an important difference be-
tween clams and fish, namely, that clams do not swim.
When oxvgen reached dangerously low levels in a
tank bottom, the Corbicula have no recourse but to



TABLE 2—Growth of Corbicula in Three Different Environments

.40 7
T
30 - L MINI ARK
.20+
.10+ I
Drained
22 July 12 Aug. 6 Sept. 1 Oct. 20 Oct.
.20+ T
1 CIRCULATING SUN TUBE
.10
—{_T-{_']—I——L Harvested
22 July 12 Aug. 6 Sept. 1 Oct. 20 Oct.
204
-|_ CHICKEN MANURE SUN TUBE
104 _l_
— Harvested
22 July 12 Aug. 6 Sept. 1 Oct. 20 Oct.

clam up. Oncea few clams have died, oxygenlevelsare
reduced further and mass mortality can result.

Subsequently, we made little purses for the clams
from Vexar® netting and suspended them near the sur-
face of the tanks to improve the clams’ access to oxy-
gen. To follow the growth of individual clams, we
marked each one by attaching small numbered labels
and covering the label with Dekophane® (Rona Pearl
Corp., Bayonne, New Jersey), a non-toxic, quick-
drying glue. Most of the labels remained legible for
about three weeks.

We placed Vexar® purses each containing 20 clams in
two of the “Champagne Race” solar-algae ponds and
in the upper pool of the mini-Ark. Unlike that of the
solar ponds, the mini-Ark water flowed constantly
and remained clear. Phytoplankton growth was dense
in both solar ponds reducing water visibility to a few
inches. One solar pond was a continually flowing,
siphoning system that received some supplementary
feed. The other received only chicken manure. Both
were aerated.

It took a few weeks for the solar-algae ponds to
become buffered. Iniually, pH values fluctuated by
three or four units during the day. During this accli-
matization period, nearly a third of the clams died in

both solar ponds. After that, survival was better. All of
the clams in the mini-Ark were healthy and grew at
abour half the rate of clams of the same size in Taiwan
and quite a bit faster than those in either of the solar
ponds (Table 2). In all the habitats growth slowed
considerably over time. This was probably a function
of declining temperatures. Corbicula prefers warm
water which should make it an ideal component of the
solar-algae ponds.

Beyond the decline in growth rate, we were disap-
pointed that we did not get any of the clams to spawn,
a process that occurs frequently in Ray Dinges’ ponds.
Nevertheless, initial results encouraged us about the
potential of fresh-water clams in polyculture systems.

Clams have several benefits. They reduce algal den-
sity, speed nutrient cycling, and may remove fish
growth inhibitors. They also produce large amounts
of pseudofaeces, popularly known as mussel “mud.”
Initially the pseudofacces probably represent large
packages of food for the fish. After decomposition,
mussel mud makes a superior vegetable fertilizer. Most
importantly, the clam production itself can be used,
either as food for humans or the fish —a claim that can
be made by no other biological filter.
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Phalo by Hilde Maingav

Solar Aquaculture

Historical Overview

Ron Zaweig

Designs for aquatic ccosystems that optimize the entry
of solar energy have the advantage of maximizing the
potential for biological productivicy. During the past

The journal of the New Alchemists

three decades, significant research in aquatic biology
has demonstrated that phytoplankton are the orga-
nisms that use solar energy most efficiently. The
potential for algal culture in sewage and waste treat-
ment (Lincoln, 1977), energy production (Oswald
and Golueke, 1960; Mcl.arney and Todd, 1972;
Zweig, 1978), and food production (Mcl.arney and
Todd, 1972; Zweig, 1977, 1978) is being increasingly
realized. At the New Alchemy Institute, many of the
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characteristics of algae have been incorporated in solar
aquaculture design.

The use of light-penetrating cylinders for the cul-
ture of algae has proved highly efficient. The earliest
reported design (Cook, 1950) used a pyrex glass
cylinder four inches in diameter and six feet in height
for the culture of the phytoplankton, Chlsrella pyrenoi-
dosa Link. This flow-through, continuous-culture
apparatus was tested both under laboratory conditions
with artificial lighting, and outdoors with natural sun-
light. The study determined that 5% of incident sun-
light or 2.59% of the total solar radiation was converted
to organic matter. The most favorable conversion in
agriculture has been 0.39 of the total radiation of a
year. Cook concluded that there was a great potential
for solar-driven algal culture and that further study
would help to realize its possibilities.

A literature survey (Tamiya, 1957) reviewed the
mass culture of algae and compared several culture
techniques. The work of Mayer et al. (1955) further
supported the premise that the optimization of light
improved productivity (gms. of algae/m2/day). Ina
deep tank with transparent side walls, a closed (no
exchange of water) culture of Chlorella that was stirred
constantly proved to be the best system described, of
both open and closed culture schemes.

In 1974 the New Alchemy Institute combined the
idea of algal culture in transparent cylinders with that
of raising protein-rich herbivorous fish (Todd, 1975,
1976, 1977; McLarney and Todd, 1977). The solar-
algae ponds which are translucent fiberglass silos five
feet in diameter and in height mark the most successful
design to date (Zweig, 1977). These semi-closed
aquatic ccosystems are used primarily for the culture
of fishes as human foods.

A key factor in closed-system fish culture is the
management of toxic fish wastes. The most critcal
compound that must be controlled is un-ionized
ammonia. Concentrations as low as 0.12 ppm have
been shown to inhibit channel catfish growth
(Robinette, 1976). A beneficial aspect of a fish culture
system that 1s algae-based 1s that some Chloroccocale,
such as Chlorella and Scenedesmus, are capable of merab-
olizing ammonium directly, helping to eradicate the
problem (Syrett, 1962).

In an undisturbed, subsurface pond there is a diffi-
culty with intensive algal culture in that photosyn-
thetic activity is limited to the upper layers (Oswald
and Golueke, 1960). Oxygen concentrations are usu-
ally high at the surface and negligible in the lower
regions of the pond. Periodic stirring of the ponds is
required to prevent anaerobic conditions from devel-
oping. The advantage of an above-ground translucent
cylinder 1s that light penetrates the entire column of
water, making it capable of photosynthesis and reduc-
ing the chance of anaerobic conditions developing.
Stirring 1s just needed nocturnally. In a fish culture

system, fish species can be chosen that assist stirring
through their swimming behavior.

The photosynthetic activity in the solar-algae
ponds has significance beyond improved ozygenation
of the water and toxic waste removal. In one study
(McConnell, 1965), it was demonstrated that fish
growth could be directly correlated to photosynthetic
acuvity. A linear relationship was found to exist
between photosynthesis and the cube root of the mass
of growth per individual fish (Tilapia mossambica).

The most efficient strategy for the utilization of a

three-dimensional volume of water was first devel-
oped in Chinese polyculture (Fan Lee, 5th century
B.C.; Chen, 1934). In these designs, species of food
fish that could exploit different trophic levels were
used. They included plankton feeders and bottom and
macrophytic plant feeders. This concept was inte-
grated into solar greenhouse aquaculture design
(McLarney and Todd, 1972) where the volume of
water was also used for heat collection and storage.
The fertile fish water was also used to irrigate the
vegetables grown within the structure.

The polyculture strategy for the solar-algae ponds
is based on the nature of fish feed organisms that grow
within them and the supplementary feeds that can be
introduced from outside. As for the choice of fish
species, the best possibility 1s for planktivorous fish
capable of utilizing the zooplankton and phytoplank-
ton 1n the water column. For a tropical range of
temperatures, species of tilapia are very efficient. The
Sacramento River Blackfish, Orthodon microlepidotus,
1s useful when cooler temperatures prevail (Murphy,
1950). These species also insure the turnover of the
phytoplankton population, preventing a senescent
condition from developing. A species such as the
Israel carp, Cyprinus carpio var. specularus, capable of
feces and sediment recycling, would be advantageous.
The sessile organisms growing on the side walls and
bottom are another potential nutrient source that could
be grazed by any of these fish.

In an early fish-production experiment with the
solar-algae ponds (Zweig, 1977), a polvculture strat-
egy was used that mcluded Tilapia aurea, Isracli carp,
the Chinese bighead and silver carps. The tilapia com-
prised a majority of the population. During a 98-day
trial, 2.5 kg. per cubic meter or 3.84 kg. of fish was
produced per square meter surface area with an s con-
version of 1.0. The results of the experiment proved
this solar-encrgy-based aquaculture system to be
nearly ten umes more productive than any other de-
scribed standing body of water (Zweig, 1977).

The aquaculture svstem has also proven viable eco-
nomically, simply as a passive solar collector within
greenhouse structures (Zweig, 1978). John Wolfec has
calculated that over the 20-vyear period the ponds are
expected to last, for every calorie used in the manufac-
ture of the ponds, five calories of thermal energy can be
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gained through passive solar collection in a climate
comparable to that of the Cape. This calculation 15
based on the heating scason for Cape Cod.

The demonstration of the potenual of the solar-
algae ponds at New Alchemy has stimulared other
research. At the Ark Project on Prince Edward Island,
the ponds arc being used for heating and for trout
culture. The ponds are linked together to forma recir-
culating “solar river” that includes a small hatchery
operation cxpected to produce 50,000 fry per year.
The Prince Edward Island Department of Fisheries
has reported a ninefold increase in phytoplankton
feeds for oysters (Campbell, personal communica-
tion). Experiments with solar-algae pond systems are
also underway currently at Fordham University,
Goddard College, and the University of California,

Santa Barbara. Several other organizations and private
individuals have been incorporating solar aquaculture
in their greenhouse designs. At Sea Plantations, Inc., 2
commercial aquaculture enterprise in Salem, Massa-
chusetts, translucent, fiberglass tanks are being used to
culture marine phytoplanktonas feed for clam produc-
tion (Cornell, 1978).

The importance of and potential for the innovative
utilization of solar energy 1s becoming increasingly
evident. Spoehr wrote in 1951 that “vision 1s neces-
sary, but the vision must be a disciplined and practica-
ble one.” The term “practicable” here could be
interpreted to mean useful and resilient. “Disciplined”
should not simply mean rigorous rescarch but should
imply as well that the application of the research be
beneficial and sensitve to surrounding ecosystems.
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The Dome as Nursery

Ron Zweig

During the summer of 1978, the subsurface pond in
the Dome was used as a breeding pool for tilapia,
Sarotheradon aureus.! The purpose of such a mono-
culture was to provide fry for the experiments in
the solar-algae ponds. Several thousand fry were taken
from the pond. The project provided the means for
quantitatively evaluating comfrey and Purina Trout
Chow® as the predominant supplementary feeds for
the fish.

In mid-May, 171 adult tilapia were put into the
pond, which holds 19 cubic meters of water. Onentry
the fish weighed 8.34 kg. During the 182 days of
production, they were fed a total of 20.0 kg. of
commercial food and 108.4 kg. wet weight (9.64 kg.
dry weight) of fresh comfrey, Symphytum peregrinum,
which is high inproteinand Vitamin B, bringing the total
dry weight equivalent feed to 29.64 kg.2 The amount
of feed was over four times greater than that of the
previous summer which was 6.97 kg.3 We did this to
assess the impact of increased feeding on fish growth

Tw. O. McLarney and J. H. Todd, 1972, “Walton Two: A Compleat Guide to Back-
yard Fish Farming,” The Journal of The New Alchemists, 2: 79-111.

2L, D Hills, 1975, Comfrey Report, 2d ed.; The Rateavers, Pauma Valley,
California 92061.

3R.D. Zweig, 1979, “Investigations of Semi-Closed Aquatic Ecosystems,” The
Journal of The New Alchemists, 5: 93-104.

and to try to increase the net productivity of the
system. Phytoplankton populations during both trials
appeared to be of equivalent density although neither
cell counts nor species identifications were made.

On November 8, 1978, a total of 38.3] kg. of fish
were retrieved from the pond, a net production of over
6.8 kg. higher than the previous growth trial in this
pond.* This amounts to approximately 1.6 kg. per
cubic merter of water or about 166 gm. of growth per
day. It 1s important to note that conversion ratios for
both the dry-weight comfrey and the commercial feed
to wet fish produced was 0.98 or 0.67 for the
commercial feed alone. To reduce the quantity of
Purina Trout Chow, the potential of comfrey as the
primary food in the diet with decreased amounts of
high protein feeds will be explored in future
experiments.

Photos by R. D.Zweig

Figure 18. Comfrey before and after feeding to fish.

Ofthe 352 fishretrieved from this harvest, 182 were
fingerlings and the others were of an edible size. The
small fish constituted only 1.1 kg. of the total weight
or 3.7% of all the fish. Their numbers were kept low
most likely because we removed the fry as we found

g Zweig, 1977, “Three Experiments with Semi-Closed Fish Culture Svystems. 3.
The Dome Pond,” The Journal of The New Alchemists, 4: 73-74.
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them swimming at the surface of the pool. Fingerling
growth may have been inhibited because the com-
mercial feed pellet was much too large for them to
cat, although it was eaten rapidly by the larger fish.
Small fish are also unable to eat the coarse comfrey
leaves. Using this stocking and feeding strategy, it
appears that most of the feed will be taken by the larger
fish. At the end of the experiment, the larger fish
weighed 171 gm. or over a third of a pound on the
average. A few were over one pound.

The production from this harvest has proved

Summary of Fish Culture
Techniques in Solar-Algae Ponds

John Wolfe and Ron Zweig

Although the ultimate aim of the National Science
Foundation sponsored closed-system aquaculture
project 15 to write “The Compleat Guide to

significant. Although the fish were fed just over four
times more than the tilapia in the previous summer’s
Dome monoculture, the fish grew nearly ten times
more. Quite likely this can be attributed largely to the
nutritiousness of the comfrey which is hardy and
grows rapidly, making it well worth considering as a
plant to raise as a fish feed.

The assistance of Deborah Goodwin, Kaaren
Janssen and Nancy Wright was invaluable to this
project.

Photoby R D Zweig

Solar-Algae Pond Fish Culture,” we continue, in the
meantime, to be inundated with inquiries about how
to raise those funny fish in those whatchamacallit fish
tanks. We hope, dear readers, that this short summary
will at least partially satisfy your craving for
information, pending publication of the “Compleat

Guide.”

Basic Strategy

Algae grow in sunlight and absorb toxic wastes.
Fish eat algae, bottom detritus and added feeds. Bottom
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sediments (dead algae and fish wastes) are periodically
removed.

Dimensions and Materials

Shape: Cylinder on flat base.

Dimensions: Ponds at NAl are 60” high by 57” inside
diameter. Water volume is 2.4 cubic meters or 630
gallons. _

Materials: Sides and base are light-transmitting fiber-
glass-reinforced polyester (FRP). Units can be pur-
chased from Kalwall'" or assembled on site using .04”
Kalwall Premium Sunlite or perhaps Lascolite? (tedlar-
clad FRP). Seams can be sealed with water resistant
epoxies such as Arcon 2795 resin combined with
Versamid 140 catalyst3.

Both outdoor ponds and those in greenhouses need
wintertime insulation (vertical reflectors to the north
and adjacent ground reflectors help too). Aninsulating
air space can be created with a second layer of FRP
around the sides, shimmed out at the top and bottom
with rings of discarded garden hose or %" flexible
plastic pipe. Insulate pond bottom with styrofoam. If
pond is indoors, insulate the top with a conical FRP
cover. If outdoors, flat lids can be made from sheets of
closed-cell styrofoam reinforced with wood, or
double-walled inner-ribbed acrylic or polycarbonate
sheets (e.g., Tuffak-Twinwall or Acrylite SDP?),
edges sealed with wide tapes (e.g., duct, or Tuck®).
Consider wrap-around night nsulation for climates
with more than 6,000 degree days.

* Superior numbers refer to the list of suppliers following this article.

Algae

Introduce a wide range of wild algae species by adding a
few ounces of the greenest pond-water available. Try
several eutrophic (overly fertile) ponds. Alternatively,
let the pond seed itself. Algae on the fish, along with
exposure to spores from the air, are often sufficient to
inoculate a pond with algae. Tilapia, grass carp and [s-
rael carp can keep the pond sides clean of algac.

Feeds

Leafy plants: Confrey plants (359, protein), vetch,
purslane and alfalfa, among others. Comfrey
(Symphytum sp.) can also be ground and dried into
pellets for storable feeds.

Zooplankton: Excellent fish food, difficult to culture,
they thrive in shaded water rich in organic matter.
Zooplankton can also be established in fish ponds by
partitioning fish out of an area where the zooplankton
can’t be eaten to extinction.

Insects: Caught by nets, conical fly traps or
Hedlund’s bug lights."®

Red worms: See Jeff Parkin’s “Some Orther Friends of
the Earth” in the fifth Journal, pp. 69-72, for cultur-
ing methods. Our bedrun breeders come from Mary-
land." Feed the worms whole, or blended into ground.
leaf pellets.

Rabbit feed: Essentially alfalfa and soy meal bound
together with corn gluten (209, protein).

Trout feed: First three ingredients are soy meal, fish
meal and ground corn (409, protein).

FISH SPECIES AND FEEDING HABITS

FEED  TYPES
Planktonic Leafy Insects & Rabbit Trout
Fish Species Algae Plants Detritus Zooplankton Worms Feed [eed
Blue Tilapia
(Sarotheradon aureus)®” X @ X X % X X
Tilapia hybrid
(S. mossambica f. x
S. honorum m.)’" X @ X X X X %
Sacramento River Blackfish
(Orthodon microlepidotis) X X X X ? X
Isracli or Mirror Carp
(Cyprinus carpio specularis)® @ X X X X X
Grass Carp or White Amur
(Ctenopharyngodon idellus)? @ X X X X X
Black, Brown & Yellow Bullheads
(Uctalurus melas, nebulosa & natalis) X X X X

“Tilapia dic at temperatures below 54 or 120, @ = adult fish

Iish need o be introduced to new water carcfully to avoid temperature and chemical shock. Pur the fish in a plastic bag, puffed up and tied closed, with lietle water and mostly air

Float the bag in the new water for halfan hour (temperature acclimation). Then exchange 25¢, of the fish’s warer, three tmes at ten-minute intervals (chemical acclimation). Release

the fish.
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Fish Densities

Upper limit 1s about 20 kilograms or 45 pounds.
Optimal density is probably between 3 to 12 kg. or 7 to
26 Ib.

Feeding Rates

Maximum (use whichever 1s lowest): 200 grams dry
weight feed per day or daily dry weight feed at 59 of
live fish weight (can be greater for fingerlings or fry ) or
all the food the fish can eat in three or four hours (use
floating feeds to check this). Any feeding rate greater
than the number of gm/day listed above tends to
deplete oxygen in water.

Optimal: 50-100 gm/day or 39 fish weight daily or
most reliably, the amount of food the fish will catin 13
minutes.

Minimum: Notling but inedible organic inputs such
as manure. The fish will eat the resulting algae, bacteria
and zooplankton. Expect slow growth.

Growth Rates

The food conversion ratio (FCR) is the unit of dry
weight feed required to grow one unit of wet weight
fish. The FCR for tilapia eating Trout Chow ranges
from .8 to 2.0. The tilapia FCR for rabbit feed ranges
from 1.5 to 3.0.

The maximum recorded growth rate to date 15 106
Ib/yr (132 gm/day) over an 82 day trial conducted at
Goddard College, using fresh insects for feed.
Consistent good growth at NAI is 30-50 Ib/yr
(45 day 65 gm/day) over 100- trials using dry com-
mercial feeds.

Aeration

In moderately fed ponds, aeration (air bubbling) to
supply oxygen is usually needed from two to four
hours after sunset to one to two hours after sunrise,
except on cloudy days when aeration should begin
near sunset. On cloudy days in heavily fed ponds,
aeration 1s needed continuously.

The simplest aeration is to pump air through plastic
tubes into air diffusing stones located near or on the
pond bottom. An aquarium pump such as the 3 watt
Metaframe Hush I1'2 can supply two air stones with
air. Two to four air stones are needed per pond. On a
larger scale (a dozen or more ponds), consider a central
air compressor such as the one-third horsepower
Condé air pump*®attached to flexible %" plastic piping
with smooth curves rather than right-angle bends.

Water Purification

Method #1: Remove bottom sediments and replace
with fresh water. If feeding rates are heavy, replace the
bottom 209, of the water column every one to three
weeks. If feeding rates are light, replace 209, every
four to twelve weeks. Irrigate plants with the pond
warer; 1t’s loaded with nutrients. If you want to
become scientific, find an old microscope and look at
algae in mid-water samples. Replace bottom water
more frequently after seeing major volumetric de-
creases 1n algae.

Method #2: Consider a constant fresh water trickle
inflow, with an outflow siphoning up from the
bottom. Make water replacement equal or exceed the
rates described above.

Method #3: Install a sand filter or hydroponics trough
just above the surface of pond and slowly flow water
through it, preferably drawing from bottom waters.
Sand filters out algae and some organics; the plant
medium filters out this plus nitrate, ammonia and
phosphate. Turn off the flow to the hydroponic filter
during the day to allow the plant roots to dry,
preventing root rotting problems. Use algae-laden
sand from sand filter as plant fertilizer.

Lots of other untested possibilities exist: adjacent
settling tanks, conical bottoms with a drain in the
center, etc.

This project has been supported in part by the
National Science Foundation Grant #QPA 77-
16790A01.

SUPPLIERS” ADDRESSES

3. Allied Resin Corporation
Wevmouth Industrial Park

1. Solar Components Division
Kalwall Corporation
P.O. Box 237
Manchester, NH 03105 617-337-6070
603-668-8186 4. Tuffak-"Twinwall
Rohm & Haas Company
Independence Mall West
Philadelphia, PA 19103
215-592-3000

]

2. lLasco Industries
8015 Dixon Drive
Florence, KY 41042

Fast Weymouth, M A 02189

Acrvlite SDP
CYRO Industries
859 Berdan Avenue Houston, TX 77093
Wayne, NJ 07470 713-694-8801
201-839-4800 and

Tuck Industries

I ILeFevre Lanc

New Rochelle, NY 10801
914-235-1000

6. Texas Warter Gardens
2331 Goodloe

Southern Fish Culeuristes, Inc.
P.O. Box 251

leesburg, IF1. 32748
904-787-1360
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7. Natural Systems, Inc.
Rt. 1, Box 319
Palmetto, FI1. 33561
813-772-8911

8. Hiwassee Minnow Farm
P.O. Box 316
Georgetown, TN 37336
615-339-2271

Perry Minnow Farm
Re. 1, Box 1015
Windsor, VVA 23487
804-539-1709 .

9. J. M. Malone & Son Enterprises
P.O. Box 158
Lonoke, AR 72086
501-676-2800

Photo by Hilde Maingay

Sunlight Patterns Without,
Chemistry Patterns Within:
TheView from a
Solar-Algae Pond

John Wolfe  David Engstrom — Ron Zweig
Sunlight, growth, metabolism, decay; these are the
basic elements in the flow of energy through all living
systems. The solar-algae ponds, as tiny ecologies,
demonstrate the processes well. The patterns of sun-
light striking the pond’s sides predict the sunlight
entering, and the chemistry patterns within trace the
balance of plantand animal activity. With imagination,
these spatial patterns even predict the furure and past of
any one point within the ponds. Drawing from the
spatial patterns, we can demonstrate the basic process
by which sunlight enters the ponds, and by which
solar energy is captured by the life within.

Sunlight

Using verified calculation techniques, we can predict
how much sunlight gets into a solar-algae pond sitting

10. Hedlund's of Medford

11

12, Metaframe
41 Slater Drive
Medford, WT 34431 Elmwood Park, NJ 07407
Frank Cappadora 201-791-8800
Warchime Worm Ranch 13. Condé Milking Machine Co., Inc.
3100 Warchime Road Pump Division
Manchester, MDD 21102 Sherill, NY 19461
301-239-8500 315-363-1300

P.O. Box 303

in a nonreflective, grass-covered field. Unfortunately,
no theory exists to tell us how to calculate the amount
of sunlight added by nonshiny reflectors such as the
white back walls and marble-chip ground cover of the
solar courtyard. To understand the reflected radiation
from the solar courtyard, we had to measure it
directly.

Around noon (when reflection was greatest) on two
cloudless days, June 25 and September 29, 1978, we
took 72 measurements of solar radiation with an
Eppley black-and-white pyranomecter, comparing
vertical readings on the side walls of the solar ponds in
the courtyard with vertical readings taken in a nearby
(nonretlective) field. Figures 1 and 2 graphically repre-
sent the data collected on September 29.

Figure 1 shows that much of the reflected radiation
from the back wall strikes the north face of the ponds.
Little radiation bounces up directly from the marble
chips to strike the south face. This does not suggest,
however, that the marble chip ground cover isn’t an
effective reflector. The ground and back wall reflectors
act together. The chips pass much sunlight to the back
wall, which in turn directs this reflected energy into the
pond.

e
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Figure 1. Graphical representation of the added sunlight.
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Figure 2.

The side view 1n Figure 2 shows the reflecred radia-
tion does not strike the upper and lower portions of the
pond cvenly. On the north face, the plant bed running
along the base of the back wall absorbs some energy.
On the south face, the radiation reflected off the marble
chips is more mtense near the ground.

The distribution of sunlight shown in Figures 1 and
2, based on September 29 data, is much the same for
June 25. The degree to which reflected radiation adds
to the toral differs significantly, however. On June 25
reflection added 269 to the radiation entering the pond
sides, while on September 29 reflection added 469 .
The critical difference between these two dates lies in
the altitude of the sun at noon: 72 degrees on June 23,
and 46 degrees on September 29.

AND GROUND

To understand reflected radiation, we must scparate
the incoming cnergy into diffuse and direct radiation.
Diffuse radiation, for practical purposes, impinges from
all sections of the sky.evenly, while direct radiation
emanates directly from the sun’s position in the sky. In
the solar courtyard, reflection from diffuse radiation
remains a constant proportion of diffuse radiation, 509
according to measurements. On the other hand, reflec-
tion from direct radiation depends on the incoming
angle of sunlight. Figure 3 illustrates how reflection
from direct radiation 1s diminished by higher and
higher sun angles. In the diagram, the ratio of the
sunbeam width seen by the pond, to the height of the
pond, determines the diminishment factor. Expressed
trigonometrically, this ratio is the cosine of the sun’s
alutude. Thus, the difference in the degree to which
reflection adds to total radiation lies in the incoming
angle of direct radiation.

What about times other than noon? We won’t go into
details, but only say that reflection 1s diminished by
roughly the cosine of the sun’s azimuth angle- -that s,
the angle between due south and the sun’s horizontal,
or compass, position. The further from solar noon and
due south, the less reflection, untl at 90 degrees (due
west or cast), no reflection of direct radiation from the
back wall occurs (the cosine of 90 degrees 1s zero).

This deeper understanding of reflected radiation led
us to develop a computer simulation program to predict
the vearly amount of sunlight entering the solar court-
vard ponds. We won't bore the reader with long trigo-

Figure 3.
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nometric formulas and algebraic functions, but rather
give a running account of how the program works.
(For the details, see Solar Energy Thermal Processes, by
John Duffie and Wm. Beckman, 1974, published by
John Wiley & Sons.) First, solar radiation dara collected
by Dr. Richard Payne for the nearby Woods Hole
Oceanographic Insticution (10 miles south of us) is
converted from daily totals for radiation striking a
horizontal surface to the most probable hourly rorals
for the direct and diffuse radiation components. For
each 10 minute period the computer converts the direct
radiation to its full strength when striking a plane at
right angles to its path, and the sun’s position from
which the radiation comes 1s calculated. Then the pro-
gram calculates the angle between the direct sunbeam
and cach plane of a many-sided polvgon closely ap-
proximating the shape of the cylindrical solar ponds.
The intensity of sunbeam 1s diminished by a factor rep-
resenting how obliquely the radiation hits each of the

Figure 4. i
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pond sides; this facror is simply the cosine of the inci-
dent angle (see Figure 4). The radiation 1s diminished
further by the fraction of radiation actually penetrating
through the pond sides, rather than being reflected off
or absorbed by the two layers of Kalwall Sunlite Pre-
mium I fiberglass glazing (see Figure 5). This factor is
also determined by the angle of incidence. Diffuse radi-
ation 1s casier o calculate since it has a constant 439,
radiation diminishment factor for two layers of Kal-
wall.

Applving our knowledge of reflected direct ra-
diation, the program compares the cosine of the sun'’s
altitude and azimuth cach hour to that at noon on
September 29; the 4697 addition of reflected radiation
to direct radiation at noon on Seprember 29 15 adjusted
upwards or downwards accordingly. Reflection
enhances diffuse radiation by a constant 507,

Two other factors change from month to month
rather than from hour to hour. One is a shading factor

Figure 5.
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TABLE 1—Output of Computer Simulation of Energy Entering a Solar-Algae Pond in the Solar Courtyard.

Awverage
Daily Presence SOLAR ENERGY ENTERING POND (million calories per day)

Horizontal of

Radiation Winter
Month (cal/cim? day) Lid Horizontal Reflected Vertical Total
Jan 170 X 2.03 3.36 6.36 11.80
Feb 210 X 245 3.16 6.24 11.90
Mar 302 X 3.32 3.26 6.77 13.30
Apr 443 X +.71 3.48 7.57 15.80
May 508 X 5.39 3.46 7.55 16.40
Jun 477 8.90 3.25 6.98 19.10
Jul 564 10.20 3.53 Fd 21.50
Aug 162 8.68 3.31 728 19.20
Sep 322 6.67 3.02 6.40 16.10
Oct 223 255 2.86 5.79 11.20
Nov 143 1.89 2.53 4.92 9.34
Dec 117 1.69 2.50 +.77 8.97

Yearly Total (billion calories) 1.78 115 2.38 5.31

from the plants growing at the base of the back wall
reflector. The second is whether or not the winter Lids
of the ponds are on. Without the lids, the only thing
reducing incoming radiation is reflection off the water
surface. With the lids, light transmittance 1s treated
the same way as light penctration of the sides of the
ponds.

‘Table 1 lists the estimates of the amount of radiation
entering the solar courtyard ponds each month, based
on Payne’s solar data for 1977. Because of low winter
sun angles and the pond lids, far more radiation pene-
trates the sides of the ponds in the winter, while in the
summer, the discrepancy between sunlight entering the
sides and top lessens.

CHEMISTRY

The solar-algac ponds receive three major encrgy
mputs: (1) sunlight, (2) fish feeds, and (3) bubbled air.
These three energy inputs induce the spatial patterns of
water chemistry found within the ponds. The air bub-
bling, or “acration,” provides oxygen at night, aug-
menting the photosynthetic oxvgen produced by solar
energy. The feeds supplement the energy that s availa-
ble to the fish from cating algac. It 1s interestung to note
that the algae capture at most only a small percentage of
the sun's energy for growth; the rest becomes heat soon
after striking water and algal cells. Since only a fraction
of the solar energy embodied in algal growth can be
assimilated by the tilapia, it appears that fish growth
based soley on phytoplankton growth with the ponds
could achieve at most 20 pounds of fish growth annu-
ally (J. Todd, R. Zweig, etal., ““Assessment of a Semi-
Closed, Renewable Resource Based Aquaculture
Svstem,” Mav 1978, pp. 70-71).

Figure 6 illustrates the variations of temperature,

oxvgen and pH found during one bright June after-
noon in two heavily fed solar-algac ponds. In these
drawings, cach line or “‘isocline” within the pond
represents a single temperature, oxygen or pH value
much like a line on a contour map represents points of
cqual clevanon.

‘The temperature profile reveals the basic water cir-
culation pattern within the two ponds. 'The patterns are
quite different since the aeration system of onc pond
mixes the water continuously while that of the other
shuts off soon after sunrisc and turns back ononly after
sunsect. Both ponds are coolest at the bottom since cool
water tends to sink below warmer water. The nonaer-
ated pond has a greater temperature difference from top
to bottom (2.5°C. vs. 1.5°C.), as indicated by the
greater mumber of isothermal lines. The one area
where the nonaerated pond seems well-mixed 1s near
the top, where it seems to be churned by the wind.

The nonaerated pond exhibits a warm-water outer
shell and an inner core. Cooler water rings the warm
core. The pattern suggests a thermo-siphoning loop:
water warmed at the outer sides convects upward,
creating a complementary downward suction at the
pond’s center (sce Figure 7). Since Figure 615 a cross-
scctional view of a cylinder, the side upwelling and
central downcurrent is quite evident, while the return
loop across the bottom of the pond isn’tapparent since
that loop radiates in all directions across the bottom,
making the flow to the exact north and south quite
small. The acration system forces the circulation loop
in the sccond pond. Figure 7 shows the long loops
generated by two pipes holding air bubblers within
that entrain water upwards with the rising bubbles.

These circulation loops buffet and shift a basic
oxygen and pH pattern arising from the balance of
photosynthesis and respiration within the pond. Quite
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simply, sunlight-bathed, photosynthesizing algae
produce oxygen and absorb carbon dioxide, where as
algae respiring in the dark along with fish, bacteria and
zooplankton, consume oxygen and release carbon
dioxide. Since a portion of the carbon dioxide becomes
carbonic acid, respiration increases acidity and lowers
pH while photosynthesis reduces acidity and raises
pH. Photosynthesis and respiration also involve the
assimilation and release of elements such as nitrogen
and phosphorus, but our concern here lies with carbon
and oxygen.

Biological processes create a basic pattern of water
chemistry that water currents can shift but can’t mask.
During the afternoon of our measurements, the basic
pattern was (1) intense oxygen production near the
top and sides of the pond, (2) moderate net oxygen
consumption by respiring plants and animals in the
dark core, and (3) intense oxygen depletion near the
bottom sediments of dead algal cells and fish wastes
(look back at Figure 6). The pH follows a similar

—

1

D

trend, since high pH indicates low carbon dioxide
concentrations. Surprisingly, the patterns of all three
variables (O, pH, temperature) are similiar, with high
values in upper waters, lower values in deeper areas,
and the distribution of well-mixed and still, stratified
patches determined by the water currents.

Figure 8 presents average oxygen concentrations for
each depth in the two ponds on the same afternoon.

Figure 7. Circulation loops within the ponds.
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Figure 8. Oxygen in aerated and non-aerated ponds.
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The anoxic or oxygen-poor zone extends upwards
much further in the nonaerated pond (refer also to
Figure 6), but oxygen levels also rise much higher in
the upper water. These high oxygen values, far above
the 7.8 parts per million (ppm) expected if the pond
water were in equilibrium with theair, could not occur
with acration. Atoxygen concentrations above satura-
tion (7.8 ppm), acration actually drives oxygen out of
the water, since it increases the water-air exchange
rates. T'he acrated pond has an oxygen concentration
nearer saturation and lower than the nonaerated pond
(7.9 vs. 9.9 ppm). Total oxygen consumpuion in the
aerated pond may also be greater than in the nonaer-
ated pond 1if the water movement brings sediment
particles up into the water column to decompose
rapidly in the relatively oxygen-rich upper waters,
rather than leaving the organics sequestered in the
anoxic, slowly decomposing bottom sediments.

The ponds exhibit a pattern of evolution through
time that parallels the vertical spatial pattern. In newly
filled and inoculated ponds, the low algae densities
allow cach algal cell to receive nearly the maximum
possible amount of light. The young, vigorous algae
produce tremendous amounts of oxygen, and absorb
all available carbon (dissolved carbon dioxide, and at
high pH, even bicarbonate ions) for growth, pushing
pH very high. After a ume the algae increase to
self-shading densities, where respiration over the
day/night cvcle nearly equals dayume photo-
synthesis. This 1s the maximum sustainable density
of algac; algac will dic at the same rate as new cells
are created. Often, the inertia of population growth
pushes the algae beyond the maximum sustainable
density, and the algae populations “crash.” Inany case,
gravity pulls the algae and solid fish wastes to the
bottom, where bacteria decompose the detritus,

lowering pH and oxygen levels in the process.
Microscopic animals that feed on the bacteria (e.g.,
ciliated protozoans) flourish as a result.

Meanwhile, supplementary fish feeds are constantly
added. The feeds add to oxygen demand directly by
increasing fish biomass and metabolism. More im-
portantly, the wastes from feeding increase the density
and activity of bacteria and zooplankton. With it,
oxygen demand and carbon dioxide production grow.
Eventually, anoxic and acidic conditions will develop
on the pond bottom. If unchecked, the low oxygen
and pH condition will slowly spread upwards. At this
point, the balance between photosynthesis (growth)
and respiration (decay) can shift so far toward respi-
ration that fish culture may become impossible.

The spatial patterns of the ponds in Figure 6 reflect
their transformations through time. The top of the
ponds are supersaturated in oxygen and high in pH,
reminiscent of conditions prevalent throughout a
young, freshly inoculated pond. The center of the
ponds have lower levels of oxygen and pH, indicating
more respiration relative to photosynthests, and re-
vealing a marure pond, rich in both plant and animal
activity. The bottoms of the ponds are nearly anoxic,
much as a pond over-enriched with organics would
appear throughout. The two ponds shown in Figures
6-8 are approaching the end of their transition from
growth to decay since pH and oxygen drop to low
levels every night.

Low oxygen and pH can probably be avoided
indefinitely with simple low-head, low-flow sand or
hydroponic filters. Alternatively, siphoning the
organic slurry from the pond bottom and replacing 1t
with fresh water can actually freshen and rejuvenate
the ecosystem, starting the cycle anew.

We are indebted to Deborah Goodwin, Kaaren
Janssen and Ken Winniac for help in collecting the data
used 1n this paper.

This project has been supported in part by the
National Science Foundation Grant #0OPA 77-
16790A01.
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The Energetics of
Solar-Algae Pond

Aquaculture

John Wolfe

In assessing the potential of a technology for a solar
society an essential question is, how much energy is
required to build and operate the technology relative
to the energy, food and other benefits it provides. At
New Alchemy we have directed that question to the
biologically rich, heat-storing, solar-algae ponds. This
paper quantifies the energy required to manufacture
and operate solar ponds, and compares these inputs to
the solar heat and fish protein produced.

An input/output matrix of energy-flows through
the U.S. economy, developed by the Center for
Advanced Computation (C.A.C.) at the University of
[llinots, allows us to assign energy values to solar pond
construction and maintenance.! The researchers at
C.A.C. based their matrix on the concept of embodied
energy flow; this flow occurs whenever there is a
movement of energy, goods or services from one eco-
nomic sector to another. The flow is expressed in
terms of the total primary energy needed to produce
the economic entities that are being transferred. For
example, the energy associated with the movement of
coal to the paper industry represented 364 trillion Bru.
in 1967. That figure slightly exceeds the energy value
of the coal received by the paper mills because it takes
some energy to build and run the equipment to mine
and transport the coal. A computer algebraically
manipulates the matrix that represents such embodied

T Clark Bullard 11 Bruce Hannon, and Robert Herendon, Center for Advanced
Computation, 1975, Fnergy flow through the United States cconomy (wall chart.
University of Hinois at Urbana-Champagne Press).

cnergy flows to yield the energy used by each eco-
nomic sector. The energy embodied in a dollar’s
worth of the product of each sector can then be
calculated.

Applying embodied energy values to our case, each
pond requires approximately $23 in aeration equip-
ment. Deflating to $12.50 in 1967 dollars and multi-
plying by 86.4 thousand Btu. 1967 dollars (the energy
intensity of the Fabricated Metal Products sector)
yields an energy cost of roughly one million Bru. to
produce the aeration equipment. Since the equipment
lasts ten years, the annual energy cost, not including
the energy consumed during the operation of the
equipment is one-tenth of the tortal.

The ponds do produce —or moreaccurately, save -
energy. During the day the ponds absorb sunlight
directly, converting 1t to heat which warms the
volume of water. They also soak up heat from the air
when daytume air temperatures climb higher than
those of the water. This tends to prevent the Ark from
overheating. At night, when air temperatures fall
below those of the pond, heat 1s drawn back ourt of the
water. The ponds can store enormous amounts of heat;
2,400,000 calories are released when a pond cools just
one degree Celsius.

We can then calculate (roughly) and list the energy
inputs and outputs to and from a pond, as shown in
Table 1. T'wo values have been omitted for simplicity s
sake: the output of plant fertilizer and the input of
energy to construct the surrounding bioshelter. Since

TABLE 1 Annual Energy Inputs and Outputs of a Solar-Algae
Pond. (Units Are in Million Gram Calories Unless

Specified Otherwise.)

Location Ark Solar Courtyard
Amount fed 60 1. 1201b. 60 1b. 120 1),
Tnputs

Fiberglass Tank 182 182 243 243

Reflective Chips 0 0 50 50

Reflective Wall 0 0 286 286

Acration Equipment 28 28 28 28

Acration Electricity 238 238 238 238

Feeds 73 146 73 146

Labor 2 2 2 2

Toral Inputs 523 596 920 992

Deducting Mulo-

purposc Tanks ~182 -182
Aquaculture-Specific
[npurs 341 414

OQut puts
Heat Savings in Ark 900 900

Dry Weight Edible
Protein

(Toral Growth =50 &
100 1b)

245 kg, .90 ke, 245 ke +.90 ke.
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the building performs many other functions, the latter
omission is reasonable. Two fish production figures,
with different associated feeding rates, are used. The
first figure, 50 pounds per year, reflects a growth rate
that has been attained consistently over the last few
years in many of the experiments at New Alchemy. [
base the second growth rate, that of 100 pounds per
year, on growth spurts of short duration (two weeks)
that we have seen, and on a long-term growth rate of
106 pounds per year achieved by Barry Pierce at
Goddard College during the summer of 1978. Barry’s
secret was to feed insects to his fish, a strategy we
closed-system aquaculturists at New Alchemy have
strayed from. Barry’s demonstration, reinforced by
grumblings from Bill McLarney and Susan Ervin, are
bringing us back around.

The energetic analysis in Table 1 proves extremely
useful because it identified areas where energy inputs
might be drastically lowered. Inside the Ark, aeration
electricity demands the largest portion of the energy
budget. A small, 6 to 7 cubic foot per minute, ¥s h.p.
air compressor now supplies air to all the ponds inand
adjacent to the Ark. The power requirement of the
compressor averages to 25 watts for each pond. Some
low-wattage aquarium pumps, such as the Metaframe
Hush 1, can drive air to the bottom of the ponds. One
for each pond might prove adequate. The two-air-line,
three-watt Metaframe pump could reduce aeration
energy requirements eight-fold. In the solar courtyard,
the concrete back reflector adds a large energy cost but
does add 459, more light to the outside ponds (see
the discussion of sunlight in the solar courtyard on
pages 100-105), probably preventing them from freez-
ing in winter. Yet other less energy costly possibilities
exist. The ponds could be triple-glazed with a middle
layer consisting of high-light transmittant solar film
and be given an airtight clamp lock for the top flap. Ora
flexible insulation layer could be wrapped around the
pond, doubling as a dayume reflector.

In comparing inputs to outputs we can take three
approaches. The first subtracts total system energy
costs from energy benefits, and compares that total to
fish protein production. The second compares pond
capital costs to heat output, and then pits the additional
aquaculture energy inputs against protein output. Lhe
third examines the ponds outdoors in the solar
courtyard, where insulating lids and adjacent reflectors
increase the energetic costs and no heat storage
benefiting a larger building occurs. Table 2 sum-
marizes the energy-cost-per-gram-protein figures
generated 1n the three analyses.

The first approach deserves further comment.
Positive kcal/gm protein numbers show that unlike
most other protein producing systems, solar-algae
ponds havean energy benefit rather thanan encrgy cost
associated with them. (I do not wish to push this
approach too far, lest the scientists growing a few

TABLE 2—Kcal Spent or Saved per Gram Edible Fish Protein
Produced in New Alchemy Solar-Algae Ponds.

GROWTH

50 1bs/yr 100 lbs/yr
(Aitained) (Achievable
Toral Encrgetics 900-523 _ | -+~ 900-596 _
in Ark s e X A
Aquaculture-Specific =341 414
Energetics in Ark SF TR zg =8
AqucultL‘lrc Energenies _ =920 __375 md B - i
n Solar Courtyard 245 19

catfish in the heared effluents of power plants argue
they get a megawatt-hour of electricity with each gram
of protein they produce.) The second approach seems
preferable.

Table 3 summarizes this analysis by placing solar-
algae pond fish culture n the context of a wide
spectrum of protein-producing methods. Notice that
the range of indoor solar-algae pond culture (calculated
by the second approach) brackets Isracli pond
polyculture, commercial egg production and tuna
fishing. Grains cost less, meats and luxury seafoods
much more. The energy costs listed here do notinclude

TABLE 3 -Kealof Energy Used to Produce Gram of Edible Protein.”
(Edible = Eventually Eaten Portion, Not Yet Stored or
Cooked.)

7 Tilapia in Cape Cod Ark, w/Heat Credit, 50 Ibs/yr

+ 62 Tilapia in Cape Cod Ark, w/Heat Credit, 100 lbs/yr

12 Maine Herring

- 14 Wheat

Atlantic Ocean Perch

- 40 Rice

— 50 Pacific Salmon

— 84 Tilapia in Cape Cod Ark, 100 lbs/ yr

— 110 Israch Pond Polyculture

~ 132 Eggs

— 135 Tuna

— 140 Tilapia in Cape Cod Ark, 50 Ibs/yr

— 143 Cod, Haddock, Halibut

— 202 NAI Scasonal Polyculture in Solar Courtyard, 100 Ibs/yr

— 238 Hawanan Prawn Cluture

- 250 Chicken

- 263 Milk

~ 310 Pork

— 375 NAI Scasonal Polyculture in Solar Courtyard, 50 Ibs/yr

— 650 Hawaian Oyster Culture

—1,140 Range-Fed Beef

—1,330  Feed-Lot Beef and Gulf Shrimp

—1,700  Maine Lobster

* References for Table 3 (figures from references adjusted to reflect protein vields

after processing):

Bardach. J. 1978, “Energerics of Aquaculure.” Unpublished. Manuscript sent to
J.HoTodd 8 10 78,
Pimentel, D.; Dritshilo, W.; Krummel, J.; and Kutzman, J. 1970, Science, 190: 754.

Rawitscher. M. and Mayer, Jean, 1977 Science. 198: 261.
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storing or cooking costs. Nor are the protein outputs
corrected for protein quality by NPU (net utilizable
protein) factors. Thus grains, with their long cooking
times and low protein quality, may ultimately cost as
much energetically as eggs and Ark-grown tilapia.
Similarly, tuna froma can costs more energetically than
tilapia caught from the Ark and eaten fresh, although
energy costs at the time of harvest are equal.

With the perspective that Table 3 gives, and noting

'“.“MK

Figure 1. Backyard waterfarm.

cARP
SHAMLOW wrTER PoM®

that 1f anything, its bias 1s against solar-pond
aquaculture, we see that solar-algae ponds offer a
unique solution to the problem of creating valuable
protein in an increasingly energy-scarce world.

This project has been supported in part by the
National Science Foundation Grant #OQPA 77-
16790A01.
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Dreaming in My Own Backyard

John Todd

[ had just finished my income tax forms one April
afternoon and realized with shaking hands that [ owed
money to the Internal Revenue Service, incontestable
proof that it has become increasingly hard to ignore
that living costs were going up faster than my income.

Gloomily, I retreated to the pond in my backyard to
find my bearings and to forger the tax man. It was,
thank God, the first warm day of springand, as I settled
down, I discovered the muscovy and mallard ducks and
my zany goats seemed happy to share this spot with

me. [ did, mind you, bring along a little extra corn to
bribe my way into their company. We were soon
joined by my then nine-year-old daughter who sensed
my WOITICS.

As the sun and my friends helped me to forget, the
place began to come alive with the sounds and the
smells of spring. [liveina small, vest-pocket valley that
1s treed mainly with oak, locust and cherry. By local
standards, some of the trees are very large. Seven years
ago on the north-facing slope, next to the road, 1
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planted a small orchard of twenty varieties of apples,
peaches and plums. The house, a typical small Cape
Codder, sits on a terrace just below the orchard.

Bcehind the house, the land drops off, steeply in
places, into a basin then ascends again to my neighbor’s
house. The south-facing slope is areal sun catcher. The
bottom of the basin is covered by a half-acre pond that
extends into the yard of another neighbor to the east. In
the middle of the pond is a shack on stilts which I built
as a writing house that is reached by crossing a rickety
bridge. I like working in the shack surrounded by
water. It feels right. I am not sure why, but 1t helps to
center me.

[ am lucky to live in the woods, close enough to the
sea to hear the foghorn and the storm-tossed surf. Yet [
am still nagged by the bills and the tax man. To further
complicate matters, [ plan to build a solar addition to
the house that will include a greenhouse and tropical
fish tanks which will serve double dury as solar heat
storage units. [t's an exciting project, dimmed only by
the prospect of more than doubling my mortgage.

On the grassy patch next to the pond, I enjoyed the
warmth and the stillness broken only by bird song.
Although I couldn’t feel it, the wind blew suffly
overhead and the gulls rode its wave at tree-top height.
My daughter and [ got up to follow the goats over to an
old abandoned stone well. As I stared into the well, an
idea began to form. For a moment I saw the land
anew —the ponds, the slopes, the house above, and the
ducks. I recollected that several years ago my son, ina
single season, had grown bullheads to eating size in the
shallow, fertile pond. My mind was drawn back to the
well. The water level this spring was a foot from the
top. The well was a key.

My head swam with two streams of thought, the
worry over money on the one hand and, on the other,
the formulating dream of wedding sun, wind, the well,
ponds, aquatic plants, fishes and ducks to create a
mini-farm in this backyard. What if I were to think this
through carefully? My water farm might ease my
financial burden by helping to pay for the new
mortgage and for some of the household running
costs. Might this be a sound way towards greater
financial independence?

I began pacing the property, banging on my pocket
calculator, designing the backyard warter farm and
becoming more excited as the sketches and plans
started to unfold (Figure 1).

[t became clear that the existing pond was too small
todo thejobasitstood. It wouldn’t produce more than
a few hundred pounds of fish a year. However, at 1ts
western end 1s an old, elevated wagon road, and
beyond it, between the road and the well, thereis room
for a second, deeper, 4o acre pond. But to be really
productive there would have to be some flowing water
too. The wind funnels down our valley, so [ imagined
an American multblade windmill pumping well water

into the ponds when the wind 1s blowing. Such a
windmill would increase the productivity of the water
farm by an order of magnitude, or so [ hoped. I have
vet to work out all the design details butit would seem
wise to pump the well water up into a series of solar-
algae ponds (yet to be described) and then down
into the new pond. The course of the water would
go from the well, through a series of solar tanks into
the first pond, then via duct into the second, existing
pond. The water would be recycled as it overflowed
from the second pond back into the first. The ex-
change between the two would be dynamic, de-
pending on the wind and the respective water
levels. I had created in my mind a symbiotic, wind-
powered water loop between the new '/io acre
pond and the shallow, % acre existing pond.

I then planned to pump the water into a series of
interconnected, translucent, fiberglass tanks five feet
high by five feet in diameter. Five or six of them would
be adequate to absorb solar heat and to oxygenate the
well water by photosynthesis before it entered the new
pond. Running the water through a zigzag course of
black pipe would be a cheaper way of heating 1t but
would neither oxygenate it nor provide auxiliary feeds
and would lack any storage capacity which might be
needed during conditions of low oxygen. With such a
scheme I might take a close look at the cost benefit
value of a solar “‘river”” composed of a series of solar-
algae ponds as a way of optimizing the over-all system.

My plan would include an emergency % to %2 h.p.
electric or fuel-fired pump for periods when 1t is hot
and windless, and oxygen would drop to dangerous
levels. It would be there for insurance, and [ would
hope that [ wouldn’t have to useit. Electricaerators are
not a good answer and encouraging their use would
serve to buttress the arguments of utility people who
are promoting nuclear power plants.

The ponds would be designed as diverse ecosystems
to provide a good amount of the dietary needs of the
fish. Nutrients would enter the ponds from several
sources. Our household gray-water would be piped
through three solar-algae ponds containing water hya-
cinth, aquatic ferns, duckweeds and algae. This way
we wouldn’t pollute the ground water, as we now do.
The water-purifying aquatic plants, in turn, would be
fed to the ducks and fish.

The ducks would be another major nutrient source.
At the present I have only half a dozen, but in my
mortgage-paying ecosystem, | would plan on 250 or
so in a 680 square yard fenced impoundment that
would be connected to the half-acre pond. Their
manure would fertilize the pond. The remaining major
nutrient input would be supplemental feeds for the fish
and the ducks. Upto 12,500 pounds might beadded to
the system each year. A substantial percentage of it
would enter the various food chains within the pond.
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Fish culture would be seasonal and vary between
the larger, shallow pond and the deep, new pond. The
warm-season crop in the shallow pond would include
yellow bullheads, /etalurus natalis, which are relatively
fast-growing omnivores, blue tilapia, Sarotherodon
aureus, a plankton and plant feeder and quire possibly
murror carp, Cyprinius carpio var. specularus, a benthic
or bottom feeder. All threelike warmish water and can
withstand short periods of low oxygen. Ten thousand
fish grown over a six month period starting in April
might well, with fairly heavy supplemental feeding
and frequent water exchange, reach a marketable
weight of 3,000-5,000 pounds. It is a guess, but I
don’t think an unrealistic one.

Between October and April another 500 to 1,000
pounds of fish like rainbow trout might be grown with
the addition of sun-warmed well water, although this
figure is pure speculation. T have never raised trout this
way before.

The small pond would be deeper, perhaps five feet
in all. Though it would be connected to the shallow
pond, it might be less enriched with nutrients because
it would receive the well water first. It would be here
that I would cultivate channel catfish, Ictalurus puncta-
tus, and 1f I could get them cheaply enough, white
catfish, Ictalurus catus. 1 would also like to try the
fast-growing exotic characin, Collosoma sp., a fish that
eats, and tastes like, fruit. If the small pond remained
warm for long enough, I might get 1,000-2,000
pounds or more of marketable flesh from this pond. In

the winter, trout should do well and perhaps add an-
other 500 pounds to the total.

Marketing would be retail. Most of the customers
would come looking for the crop. Some of the har-
vested fish would be kept in solar-algae ponds for live
sale, to local restaurants perhaps among others. Some
of the fish might be sold fresh oncea week through the
local health-food store. The remainder I could cold
smoke in a new smokehouse built recently at New
Alchemy using personal funds. Smoked tilapia and
bullheads are mouth-watering, and sell for prices that
fatten the pocket book.

As part of the whole design process, I diagrammed
the energy, material and money flows through the
water form (Figure 2). On the back of the nearest en-
velope (the one containing my electricity bill), I tab-
ulated some of the economics (Table 1).

A first pass suggested that there definitely was
something to my backyard plan and that I should
consider making it a reality. With some care and
attention I might obrain between 5,000 and 8,500
pounds of marketable fish a year. As the crop is small
and the local market hungry for both smoked and live
fish, it should be possible to gross berween $8,500and
$15,000. The smoked fish sell at a minimum of $2.00a
pound. The remainder, 1 think, I could retail at an
average of $1.50 per pound. Tilapia, whichare low on
the food chain, when sold as St. Peter’s fish, should
command even higher prices with organic food buffs.
With a little advance notice before harvesting, I ought

TABLE [ —Back-of-the-Envelope Calculations for a Backyard Water Farm

Costs Amounts

Initial Fixed Costs:

. Backhoe ... o i
. Chicken Fencing .................
. Windmill plus Tower ............. $2,000-$3,000
- Solar Silos ... $ 800-$1,600
. Emergency Pump—Used .......... § 50-$ 100
. Duck House (Scrounged Materials). . $ 0-$ 0

$3,050-85.800

§ 500-$ 500
$§ 600-$ 600

[ N R

Annual Costs:

1. Labor ... $ 0-5 0
2. Fuel or Electricity for Pump ....... § 25-§ 50
3. Feeds

A: 5,000-8,000 Ibs. catfish

(610101 g 1o (c QR P
B: 2,500-3,000 Ibs. rabbit

feed for tilapia/carp............
C: 1,000-1,500 Ibs. of marine

fish waste ...l

+. Young Fish and Ducks

(Bullheads Locally Trapped and

$1,250-52,000
$§ 250-8 300

$ 100-§ 150

Tilapia Locally Produced .......... S 500-81,000
$2,125-83,500

Fixed Costs Amortized Quer Six Years ... .. S 658-§ 967
TOTAL ANNUAL COST vt et it $2,783-84,467

Production and [ncome

Marketable Qut put:
Pond 1~ 3,000-3,000 Ibs (three species)
500-1,000 Ibs. trout

Pond 2 1,000-2,000 Ibs. catfish
500 Ibs. trout

Total ...5,000-8,500 Ibs., plus 250 ducks for Thanksgiving
market

Income:

2,000-4,500 Ibs. cold-smoked — $2.00 'Ib. $4,000-S 9,000

3,000-4,000 Ibs. live fresh ST.50 b, ... $4,500-S 6,000

250 Ducks  $3.00 apiece v v vsnsmmss § 750-

NEFRETURN PERYEAR  wowas voswewwsoevas
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to be able to sell the crop with minimum effort and
transport Costs.

For an initial capital investment of $3,950 to
$5,800, keeping in mind my backyard already exists,
and an annual operating cost of between $1,600 and
§2,450, T could realize a net annual return of between
$4,783 and $12,967, if the fixed costs were amortized
over six years. This would be a family enterprise and

friends would help with the harvest, so I shouldn’t
have labor costs. The water farm could more than pay
for itself in its first year.

I know that my farm s still a2 dream, but with the
price of fish climbing, and many people looking for
decent quality, poison-free, lovingly grown foods, I
think my fantasy 1s worthwhile. My daughter agrees.
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This issue, this section is practically as eclectic as
New Alchemy itself. Scientific investigation, rigorous
measurement and documentation, hands-on working
experience, and a certain amount of rather opinion-
ated observation are allincluded. It is not unedited but,
as originally expressed by fourteen Alchies and two
Solsearchers, it is virtually unexpurgated. As ex-
plained earlier, the Ark was finally completed in early
1977. That gives us, as of this writing, over two full
years of experience. As of this writing as well the price
of heating oil for the coming winter, has been pegged
at ninety cents a gallon. Because of this, we feel a
certain urgency to communicate as much as we know
about the biologically linked form of solar energy tech-
nology that has proved so heartening in the Ark.
The panoply of information to follow is presented in
Six parts. The first part, by John Todd, who organized,
edited and bullied the information out of everyone,
recapitulates the rationale and thinking behind the
Ark. The second part is a physical description of the

building in words and pictures. The drawings we owe [0
Solsearch Architects and the words are by Ole
Hammarlund of Solsearch and John Wolfe, Colleen
Armstrong and Joe Seale. The third part is the least
technical and | think the most fun with everyone,
expert and nonexpert alike, giving voice to what they
think about the Ark.

The fourth part describes the working of some of the
Ark’s subcomponents; the fifth part, the agriculture in
the Ark, and the sixih part, the aquaculture. Editorially,
as one who didn't chime in about the building in the
article, | can only add that | love it. It's beautiful. On a
winter day, slipping over ice and frozen ground to go
into the Ark and find oneself immersed in warm air,
living green and smells of earth and plants, knowing
that the small, alive world that greets one exists by
virtue of the sun and notirreplaceable fossil fuels, is a
joy not easily overstated.

NJT
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From Our Experience:
The First Three Years
Aboard the Cape Cod Ark

By the staff of New Alchemy
& Solsearch Architects

PART 1—-THE CAPE COD ARK:
ITS RATIONALE REVISITED

John Todd

Since 1971, we have conceived, built and researched
eight solar-based structures for culturing diverse foods
at New Alchemy." Each has integrated architectural,
ecological, agricultural and aquacultural knowledge
with solar and wind technologies to create nonfossil-
fuel-dependent climatic envelopes for growing food.
The bioshelters were vehicles through which we at-
tempted to formulate and test an ecological science of
design that we hoped would provide the foundation
for a new direction in agriculture.

The need for new directions in North American
agriculture has been masked by high productivity.
There are, however, hidden costs in orthodox
farming: chemical applications add to atmosphericand
terrestrial - toxicity; cropping regimes, heavy ma-
chinery, and herbicides tend to erode soils; capital-in-
tensiveness displaces rural workers and small farmers.
Y The Buk of The New Achemists, 1977, ¢d. N. ] Todd (New York: I P. Dutton),

overviews much of this work.

Moreover, the general dependence on increasingly
scarce substances (natural gas for fertilizer manufacture
and petroleulm for fuels, biocides, and transport) and
imported materials (Phosphorus, for example) places
conventional agriculture in a position especially vulner-
able to price hikes, embargoes, or unforeseen market
market disruptions.

Implicit in the rise of high-technology agriculture
has been the decline of regional food systems. Spe-
cialty farms in California, Mexico, and the Great
Plains have displaced family agriculture in the North-
east and other less-favored areas. Yet the conditions
necessary for such geographic specialization, such as
abundant fuels and chemicals, a robust industrial sec-
tor, and blithe acceptance of the biological consequen-
ces of certain techniques, become less dependable
daily.

In view of this trend, a revival of agriculture in the
Northeast takes on new plausibility, especially mn
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view of research carried out in the last ten years. For
the first time there have come together scientific
advances in several diverse fields which, if systemati-
cally reorganized into new forms, could reviralize
food raising and farming in the region. Advances in
ecology, systems theory, materials sciences, micro-
electronics and computers as well as in the agriculrural
sciences themselves provide the intellectual underpin-
nings for ecological design. Food production can be
miniaturized, decentralized into densely populated
areas and less climatically favored regions, and par-
tially freed of its dependency upon heavy fuel and
biocide use. Over the past three years, the bioshelter
that we call the Ark has helped us chart such a course.

In 1974/75 we began to conceptualize a bioshelter
that would point the way toward a solar-based,
year-round, employment-creating agriculture for
northern climates. Our goal was to devise a
food-raising ecosystem that would use little space and
would require roughly one-fifth to one-tenth the

TABLE 1 —Bioshelter |

Structure
Length.................. ... 90 fr (27.43 m)
Maximum width ............. 28 fr (8.53 m)
Floor area v e s s 5250850 n o 0me 1,950 fr2 (181.16 m?)
Adjacent aquaculture courtyard
(not shown in figure) ....... 1,200 fr? (111.48 m?)

45° angle south-facing roof .... 2,000 ft2 (185.80 m?)

Vertical south-facing roof ..... 160 fr2 (14.86 m?)
Translucentends ............. 320 fr2 (29.92 m?
Laboratory pedestal ........... 72 fr? (6.68 m?)
Aquaculture
Pool wusssiissmanisvssitmen, 2,872 gal (10,870 liters)
14 solar ponds in interior . . .. .. 9,100 gal (34,580 liters)
23 solar ponds in exterior
courtyard.... ... ... 15,000 gal (57,000 liters)
Toral solar pond aquaculture
facility ... L 24,100 gal (91,580 liters)
Climnate

Air circulation: 3 ft diameter 1 h.p. fan
Hot-air collection—subsoil duct return
Venting: 200 ft2 (18.58 m?) on the peak
Plus doors and vents along south side
Hort-air storage (rocks) 43-yd® (32.88 m?3)
Translucent sloping roof
Suspended 5 fe. (1.52 m)
Fiberglass in catenary curve. Double-walled separated
by 17(2.54 cm) air space
Material: Kalwall Corporation Sun-Lite Premium 0.040”
thickness (0.10 cm)
Single-layer ultra-violet transmission: 5% ar .33 micron
859 at .38 micron
Visible light transmission: 90+ (.38 .76 microns)
Short-wave infra-red: most transmitted (.76 2.2 microns)
Long-wave infra-red: most blocked and rerained in interior
(2.2--50 microns)
North walls and roof, %” plywood on each side, 6 in. (15.24 cm)
fiberglass insulation
Shingled
Foundation insulation: 2 in.: (5.08 cm) styrofoam
Auxiliary heat: none

capital of an orthodox farm. Our original targer was
for a bioshelter-based microfarm costing $50,000,
land ncluded.

Our strategy was to avoid mimicking or scaling
down single crop commercial farms. Instead we
adopted an ecological perspective, incorporating into
the design high levels of integration, a multiplicity of
pathways, a blend of soft technologies and mixed
crops (including greens, vegetables, flowers, fish and
other aquatic foods), and the mass propagation of
trees. The structure for the microfarm was to be asolar
building with mternal climate and disease and pest
controls carried out by ecological, structural and
data-processing subcomponents.

The illustrations and photos in the following
sections depict the nterior of the Ark including the
solar-algae pond aquaculture and the light reflecting
courtyard mn winter. Table 1 provides specifications,
size and capacity of the solar structure.

The Ark was a collaborative design effort between
Solsearch Architects and The New Alchemy Institute.
The sun provides all of the heating. In 1978, a
stand-by stove was removed after the bioshelter
managed to thrive through two relatively harsh New
England winters. Heat is stored mainly in the
translucent aquaculture ponds. A 43 cubic yard
rock-storage/hot-air system provides short-term heat
storage and thermal regulation.

The west end room of the bioshelter houses the
interior aquaculture facility of nine solar-algae ponds.
Five additional ponds are located in the central agricul-
tural zone.

Next to the aquaculture room is the rock-storage
area and a 2,872 gallon (10,870 liter) sunken fish-
culturing pond, which also serves as a source of
nutrient-enriched irrigation water. On top of the rock
storage 1s an experimental vine crop area. Behind it
stands a micro-computer encased in a humidity-
controlled, glass-fronted housing. Above this is a
small laboratory suspended from the vault of the
structure.

The central area 1s agricultural, and is used to evalu-
ate food crops suited to such a solar climate. In this
section varietal testing of marketable crops is carried
out on four tiers. Against the south wall is along bench
area used for the mass propagation of tree, flower and
vegetable seedlings. In light-limited zones, small
micro-control ecosystems, or biological “islands,”
have been established as habirats for organisms that
pollinate crops and control crop pests. Deep enriched
soils are used as the growing medium as well as for gas
production, particularly carbon dioxide.

The eastern end of the structure includes a work area
and a production bed for vine crops such as tomatoes.

There are many linkages between the aquaculture
and agriculture. The fish tanks provide irrigation
water and nutrients in the form of fish feces and dead
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algae to the crops while weeds, cuttings, and agricul-
tural by-products are in turn often employed as fish
feeds, comfrey being a prime example of this.

Such a prototype microfarm differs from existing
greenhouse facilities in several fundamental ways,
including:

1. Solar hecating istead of conventional fossil fuel systems,
which account for more than 509 of food-raising costs in
cold climate greenhouses;?

2. Hear storage urilizing the fish culture facilities as well as a
subterranean rock-filled chamber;

3. The use of warmed aquaculture water containing nutrients for
irnigation and fertilization, eliminating the need for most
purchased fertilizers;

+. Using terrestrial plant wastes as feeds for fishes and indigenous
culture of feed stocks for the fishes, parucularly algae but
also zooplankton;

5. Using algac-filled solar ponds that operate as solar heat col-
lectors as well as fish culture components;

6. The integration of aquaculture with greenhouse plant-raising
components employing Chinese polyculture strategies in the
former and ecological, multi-story design in the latter;

7. Pest control through such biological pathways as lizards
and insccts that are predatory on pest species;

8. Fmphasis on investigating food plant species and varieties
adapted to natural interior climatic variations as an alternative
to energy expensive climatic manipulation;

9. The evenrual use of an integral windmill-powered freezing and
food-storage plant; and

10. A structure that urilizes insulated north walls and roof and
reflective interior walls to re-radiate light from the sun and
southern sky onto the growing area, so as to conserve heat
without scriously reducing the light available for plants.

The Ark shares a number of characteristics with
orthodox greenhouses and cultivation practices, in-
cluding:

2 D. G. Daleymple, 1973, *Controlled Environment Agriculture.” USDA Economic
Rescarch Report #89: 63-68.

31, AL Lawand et al., 1973, Solar Energy, 16: 307-12.

. Plant propagation and culture rechniques;

Soil motsture control through irrigation;

- Humudity control and air circulation to lessen disease;

. Discase-resistant varieties;

. Intensive planting and management techniques; and

. Experimentation 1n one section of the bioshelter with the most
valuable crops commercially, including tomatoes, cucumbers
and lettuce.®

ON oM W0 B0 e

Three years of research have so far done much to
vindicate the bioshelter concept. Ecological stability
and disease- and pest-control have been achieved
without recourse to biocides. The agricultural/aqua-
cultural environments have proven productive. The
aquaculture has achieved the highest yields of any
standing body of water yet described. We have grown
valuable cash crops to maturity in winter and identi-
fied a number of food crop varieties adapted to the
bioshelter solar environment. We have started work
on a micro-control ecosystem and biological manage-
ment program. Unquestionably, our ecological and
“space ship” approaches to food culture are showing
evidence of viability.

As a consequence of working with the Ark we are
now reaching a new plateau, namely, the synthesis of
economics with an ecological design science. We seek
to bring together ideas of earth stewardship, food
growing and the creation of exciting new ways of
making a living. [ believe that such a fusion is now
possible.

[ hope the following sections chronicling our expe-
riences will cause you to consider the bioshelter as a
way of feeding family and friends or as a livelihood in
the future.

DG, Dalrymple, loc. cit.
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EXTERIOR LANDSCAPNG

PART 2--PHYSICAL DESCRIPTION
OF THE ARK

Drawings of the Ark by Solsearch Architects

Building the Ark: A Brief Overview

Ole Hammarlund

Work on the Ark began as soon as the funding was
assured, which happened to be January. Aftera month
of design we were ready to start building. The weather
on the Cape is not really suitable for outside work in
the winter, but the frost is not too deep and our
resourceful excavating—concrete contractor Ted Wolfe
had no trouble digging for the footings. Pouring was
more of a problem. The weather had to be warm
enough to prevent the concrete from freezing, yet cold
(or dry) enough to permit the concrete truck access
through the field. One winter morning looked right
and we started, but two hours later, three trucks were
stuck 1n the mud and Ted and I chopped practically
every tree in sight and threw the branches under the
muddy wheels.

Hours later we had succeeded in moving all the
trucks and pouring the concrete. We were ready to
start framing as soon as the forms were stripped.

The work force for the Ark consisted of myself, in
charge of on-the-spot designing, work coordination
and getting materials, and the crew of New Alche-

mists, taking time off from their regular chores, as well as
skilled and unskilled volunteers for the day or week.

Some sections of the roof were prefabricated on the
ground and raised with a great crew of Saturday vis-
itors. Other sections were built by two carpenters
from Lindisfarne. Meanwhile, in the barn, I was pre-
paring for the prefabrication of the curved double-
glazing panels. The first step was the production of a
22" long and 4%’ wide curved mold. In that mold the
two layers of Kalwall fiberglass would be riveted onto
%" U channels creating the insulating airspace between.
On one side of the panel the 2 x 2” rafter would be
mounted witha 1” x 2” coverplate. On the othersidea
1" x 3" coverplate was fastened. Upon ecrection just
one row of screws would fasten all the panels together
into a strong, integral roof system.

On D-day we were a crew of six suspended from
ladders reaching from the ground to the peak. It was
incredible how the wobbley panels became stiff when
mounted together. When [ drove home in the night
after installing the last panel, I was considering elimi-
nating a truss supporting the panels at midpoint. What
folly! The next nighta gale rose, and [ was called to the
site to find most of the long, glazed panels caved in.
The welds in the top brackets had failed causing the
now unsupported 2 x 2 rafter to collapse.

[rtook several weeks to replace the damaged pancls,
this ime well-supported at midpoint. About this ume,
Peter Laue took over my role. All the beautiful finish-
ing work is his creations, done during the following
year.
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Cross section through aquaculture room.

Cross section through rock storage chamber.
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9 LAMINATED PLYWOOO BOTTOM SUPPORT: 3 LAYERS OF 3/4" PLYWOOD GLUED & NAILED.

CAPE COD
ARK

10 CABLE.BRACE!

INTAKE VENT FOR ROCKSTORAGE: WARM AIR FROM THE TOP OF THE GREENHDUSE IS DRAWN
DOWIN BY A % HP FAN & BLOWN INTO ONE CORNER OF THE ROCKSTORAGE.

ROCKSTORAGE: A 2000 CU. FT. BED OF 3"-5" DIAMETER ROCKS TRAPS & HOLDS HEAT FROM
'WARM AIR DURING THE DAY, AT NIGHT, COLD AIR COMING THROUGH THE ROCKS PICKS
UP STORED HEAT FROM THE ROCKS AND HELPS MAINTAIN GREENHOUSE TEMPERATURE.

OUTLET PLENUM: AIR FROM ROCKSTORAGE IS RETURNED TO THE LOW PART OF THE
PLANTED AREA THROUGH ADJUSTABLE BLOCK VENTS IN THE CONCRETE BLOCK
PLENUM WALL. WARM AIR HELPS PREVENT FREEZING ON SUNLESS DAYS & AT

NIGHT; AIR MOTION BREAKS UP STRATIFIED AIR, REDUCING PROBLEMS SUCH AS
MILDEW & OTHER MOISTURE-RELATED DIFFICULTIES.

TOP OF OUTLET PLENUM. WOOD PLANK SURFACE SERVES AS RAISED, WARMED
SEEDLING & CUTTING PROPAGATION AREA.

OPEN POND. 4.0" DEEP CONCRETE POOL SERVES AS A LOW-TEMPERATURE
HEAT RESERVOIR, A SOURCE OF PRE-WARMED IRRIGATION WATER, AN OB
SERVATION TANK FOR FISH-FEEDING EXPERIMENTS, AND AS AN INDOOR
HABITAT FOR FROGS, TURTLES AND OTHER DESIRABLE AQUATIC &
AMPHIBIOUS ANIMALS & MICROORGANISMS.
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“SOLAR PONDS" TRANSLUCENT PLASTIC FISHTANKS 5’ TALL X
5'DIAMETER. 9 TANKS ON 2 LEVELS FOR THE INTENSIVE
AQUACULTURE OF TILAPIA AND OTHER EDIBLE FiSH

LOFT: A SUSPENDED LABORATORY/OBSERVATION PLATFORM.

®

HINGED KALWALL VAULT SKYLIGHT' ENTIRE ASSEMBLY
LIFTS TO EXHAUST HOT AIR IN WARM WEATHER.
CURVED OUTER MEMBRANE & FLAT INNER MEMBRANE
ARE NAILED TO A 2 X 4 PERIMETER FRAME & CURVED
PLYWOOD SUPPORTS RUNNING VERTICALLY
EVERY 50"
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NOTCHED IN & NAILED TO 2 X 8 PLATE ON CONC. FOUNDATION WALL @ 4'-6" ON CENTER.

D KINGPOST TRUSS ROOF RIB: AN EXPERIMENT IN MINIMAL STRUCTURE.

2X 2WOOD TOP CHORDS @ 4'-6” ON CENTER.

CABLE & KINGPOST: 3/16" STEEL CABLE; ADJUSTABLE LENGTH STAINLESS
STEEL KINGPOST ALLOWS ADJUSTMENT IN CABLE TENSION.

12 TOP BRACKET ASSEMBLY: WELDED STEEL PLATES & ANGLE, SCREWED

X 2 R18, RABBETED IN & SCREWED TO FACE OF MAIN BEAM ASSEMBLY

13 DOUBLE KALWALL GREENHOUSE ROOF. TWO LAYERS OF KALWALL

04" “SUNLITE" PLASTIC WITH A 1" INSULATING AIRSPACE BETWEEN
INVERTED VAULT SHAPE ADDS RIGIDITY.

14 PLYWOOD CLOSER PIECE: 3/4” PLYWOOD CUT TO CURVE OF

KALWALL. SEALED TO ROOF MEMBRANE W/FOAM PIPE INSULATION

15 CONCRETE FOUNDATION WALL: TYPICAL WALL 8" THICK,
FOOTING @ NORTH BEARING WALLS ONLY. DEPTH WILL
VARY WITH LOCAL FROST CONDITIONS.

16 PERIMETER INSULATION: 2" STYROFOAM BEADBOARD
PROTECTED TO BELOW GRADE LEVEL BY 1/4" THICK
CEMENT/ASBESTOS PANELS NAILED TO 2 X 8 PLATE.

TYPICAL NORTH-FACING ROOF: 2 X 8 RAFTERS 24"
ON CENTER WITH 1/2" PLYWOOD BOTH SIDES &
CEDAR SHINGLES, 5 FIBER BATT INSULATION &
2MIL POLYETHYLENE VAPOR BARRIER GIVE THIS
ASSEMBLY A U.FACTOR OF 0.031. THIS ROOF
LOSES HEAT 21 TIMES MORE SLOWLY THAN
CONVENTIONAL GREENHOUSE ROOFS.

17



LIF— o g 1.6zt
= Y1 0TI T ED-

TP o2l 200F:
CEOAR DHINGLES & TO WEATHEZ.
25 # ATEING PaLT i
Y B GRDE WD

206 JowsTe @24'0c \
Wi QL TR CUNEDS

Fiba epanon

INT DHEATHING ¢
2’ PYwao ovEe
prTi=4

i)

Ry AR SO 24w/
Sangn § Sunk suPRORT
" poo DA VBN

SECTION C @EAST WIN&

. awr B b
e O D

250"

pL T-OM @ LONG SPAN

_ - % CEDAR AP A
7 spplED nFELD
/
KaLwWALL RWETED &VERT
/ 11" o4 oes oF
e B! AN, CHANEL
8 412 W AR BERC
15 'Mﬂ;lﬂ CaP & CHmEL
N2 2-2.%7 w/
orr ot

Nz s

2.2 i mereed
2 Laveen B pveo

2 £0we cuT
e
LECENE 242

T PrweD use
wTBoRE o
praen

TENSION

Pt PRSECTED COWA
prperer s>

L T
2ot e
Sl 3 WD
"2 a7 e e
e
o ert o
Tudeioeo 200
e T

N EnD
ron e

SieBe D CERZ O RH
~0a2 CUT N PALE

\
20 ez vEVREZ

N2eb WAEZ (MWt BT

TPICAL DANNING RiD

ER R

IND WAL

| s, i

e

o —FRGED ALY BY it
Gawis PAIWEED DR e b
Zed mRamE

| ROCKETORAGE WIAKE.

KALWALL DOUBLE ¢ cige
- RDE CABE F g ot ‘-"L"\rm oN

TENHON &RUCTUAE & 2.4 ZAPEWO2K

on

N 2w 05T @1 oc.
TS 2 ann
ez el & A : ZcDrLE
FELTEZED EATION Ol 71y WP oD
= s
PE TE/AED FOL AR N ROCLETOZMGE COVERED /" # TOP CF cone.
WINDY OR &xiowry W/ 2 RO & BT DL Af<eer

00 of reoTe
-

‘copse: poce ol
5025 ROz EvEN DsTRIB-
TN OF AR THRY @l

ZECTON B & ROCKTORAEE DECTION A e FioHTANKS

AL WTED e T
o CORIED W otz srr
& gt

CALNALL WD Fatinde —
o a0 Fain ~ SST| AR SMED o OWER FRarE

. s
'A

& v .
e A\ 4D D2OR aneths 40 OC.

e 22412 AN BEArs — 3 g
TP LB PATE LET

s ety
ARE OET | T AT

L BN R

e W' o W o ST AL @DETAV @ VAUJ’ED %U@AT a > 20 TP PLATE

I LG OF Y370 57 ST 20
Vame2 weisEo 62

sl CEDMZ Fasxih 4 4
2.06E Ca?, TP

L BOCKNG
e CEDN2 HralE o D

T UIEATEZ CNER. 1n % BLOS
PR

KALWALL ROOF e GLAZED WALL.

BT ELT. PEWCDD

~ -
e JOvsTe @24 OC. 4k
o e matT w0 ation = 3 gt

Tt wmimmar
. sy 810 o
P el 2

B et SRS
e HEADER ¢ CONT.
AL B wOE pe=erye=iy et e
=) 2 s woz e --- A
i Pt AN R _'\\
E ALUS. 242, SSOODERE £PACEE ¢ soce sate E — e
5 TEn B (o P L gpce e 7)1 9 a0 ant £EAIS
RS — __count G 2TF « co Tt =
peend

SECTION e LOFT
O

The Journal of the New Alchemists 121



Changes in the Ark Since Building

The Ark 1s constantly evolving and being improved.
The following changes have improved its effective-
ness as an agricultural bioshelter.

John Wolfe

Since the completion of the Ark any changes have
been minor. In January of 1977, we boldly decided to
remove the woodstove which was the back-up heat
source. During the summer of 1978, two skilled
friends, John Jennings and Christan Jacqz, installed a
7" by 7' triangular vent overlooking the sunken pond,
thereby improving air circulation. For the winter
1978/79 season we added five single-glazed, 630
gallon solar-algae ponds to the building.

A smattering of additional modifications are immi-
nent. We surmise that the area below the southern
glazing bleeds heat more quickly than we'd like. The
plywood soffits at the base of the curved fiberglass
panels need an inch of board insulation, and the hot-air
duct running from the rock bin along the south founda-
tion wall needs its inner wall and floor lined with board
insulation as well. Kathi Ryan would like to see still a
lictle more overall summer ventilation and winter air
movement for the high northern tier of growing beds.
One or two more vents will help to bring the vent-area-
to-air-volume ratio close to the breezy and cooler
Six Pack, and boring a hole into the side of the rock
box to short circuit some of the forced air will solve the
latter problem.

During the autumn preparations, tropical aquacul-
ture and temperate agriculture seem at cross purposes.
Warm-weather crops need sustaining well into the fall
and Ark temperatures approach these plants’ upper
tolerances. We plan to test a new fan and vent strategy,
controlled by thermostats or the Microlog computer.
The fan will start drawing hot air into storage when
low air temperatures reach 72°F. (upper air would be
80°); if this doesn’t keep air temperatures cool enough,
venting will be activated at 77° as a last resort. If the
aquaculturists want to store still more heat in the
ponds than these elevated temperatures permit, we
may temporarily partition off the west wing which
holds nine solar-algae ponds (a total of abour 5,700
gallons or 21.6 cubic meters of water), and virtually
simmer the aquaculture area in late August, September
and October.

These nine solar-algae ponds act not only as fish
culturing units, butalso as passive solar collectors with
internal heat storage. Daily wintertime temperature
fluctuations in the ponds provide some indication of
the amount of heat that is stored and later released.
Amplitudes in temperature oscillations averaged at
least 2%2°C. this past winter. Since the ponds contain
2.3 to 2.5 cubic meters of water, this represents six

million calories absorbed, stored and released by each
pond over an average 24-hour period. Over four win-
ters this heat will equal the amount of energy expended
in manufacturing the pond (calculations are detailed in
the Aquaculture section). Over the expected lifetime
of the pond, five times as much useful energy will be
generated than was spent in its creation.

Colleen Armstrong

Looking at the Ark in theory and design, most of
the changes that have taken place are secondary.
Besides removing the rusty potbelly stove (where lit-
tle beasties habited), incorporating additional solar-
algae ponds, and maintaining the building itself,
various wood constructions have increased the Ark’s
value as a functional bioshelter.

In the summer months, the west wall along the
sunken fish pond can be replaced by ascreen duplicate.
With this screen wall and after opening the cast end
doors, a stream of crosswinds can pass through the
growing area. Consequently, the high temperatures
inside drop a few degrees and the plants benefit from
the extra aeration. Many efforts have been made to
optimize the vertical space within the building. Crops
are grown on trellises that can be removed when un-
necessary. Wooden struts have been atrached to the
support beams where hanging pots are suspended.
Large boxes placed on top of the rock storage area
have been filled with composted soil and various crops
have been grown within. This particular growingarea
is special because the soil absorbs some of the heat
given off by the rock storage and the area itself 1s the
warmest and brightest in the Ark. Tree cuttings, large
herb plants and tropical vegetation have all been suc-
cessful in this warm zone.

How the Building Works

Joe Seale

The Ark is a solar-heated, windmill-assisted bioshelter
which functions year-round without fossil fuel or aux-
iliary heating. It employs electricity in an air-circu-
lating fan, a microcomputer and for the nocturnal
aeration of its aquaculture facilities. Our present de-
sign emphasis is toward the reduction of the Ark’s
clectrical needs. Happily, the solar performance of the
building has exceeded our expectations.

The summer functions of the Ark are less critical
than those of winter. Light is abundant in summer,
although much of the light comes from the cast and
west. In addition to the south glazing, the Ark’s cast
and west windows are important to its summer func-
tioning. The only potential climate problem 1s over-
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heating, and the antidote is ample ventilation.

‘The architectural requirements posed by winter are
more demanding. Sunlight comes in at low sun eleva-
tion angles for a shorter period of the day from the
southeast to the southwest. The photosynthesis by
plants and algae as well as the maintenance of warmth
rely on the light-gathering capability of the building.
Thesteep pitch of the south glazing reaches up to catch
near-horizontal rays of the sun effectively. A white
back wall reflects incoming light down onto the plants
and the solar-algac ponds. Marble chips in front of the
Ark reflect light up into the building.

Such a climatic envelope has to retain the heat of the
incoming sunlight. Sufficient air-tightness helps, and
some doors are taped shut for the winter to cutinfiltra-
tion. Double glazing on the windows and a second
layer of Kalwall for the south aperture create dead air
spaces for further insulation. The north side of the
building, which sees httle light, 1s opaque and heavily
msulated. In our case, very heavy insulation does not
pav,as glazing heatlosses dwarf small gains to be made
through extra north-side insulation. Insulating skirts
penetrate down into the soil around the building pe-
riphery to retard heat loss.

To avoid plant-stressing temperature fluctuations,
and particularly to avoid freezing temperatures at
night and in cloudy weather, heat storage must com-
plement good heat retention. The structure itself pro-
vides some inherent heat storage in the thermal mass of
concrete walls, soil, etc. But the bulk of the thermal mass
comes from the solar-algae ponds and a rock storage
bin.

The rock storage bin uses a blower to draw air from
near the ceiling, force the air through a rock pile, then
out through ducts at floor level. The rocks absorb
dayume warmth from the air, retain it, and give up that
warmth as the building cools at night and in cloudy
weather. Besides storing and relinquishing heat to
reduce temperature fluctuations, the rock storage sys-
tem provides important air movement necessary 1) for
healthy plant growth without excessive mold and fun-
gus problems, and 2) for disrupting the stratification of
cold air that can otherwise collect in low places and
even cause frost damage under extreme conditions.

The solar-algae ponds complement the rock stor-
age. They absorb heat by air convection, infra-red
absorption from warmed surfaces in the building, and

by absorption of direct and reflected sunlight. They
give up heat by convection and infra-red radiation.
Water is a very effective heat absorber, three times as
effective by volume as broken rocks. And the solar-
algae ponds serve a dual economic function as thermal
reservoirs and as spaces to raise fish. While the thermal
functions of the solar-algae ponds require no direct
input of mechanical energy, the rock storage air circu-
lation helps make the solar-algae ponds work more
effectively by breaking thermal stratification and en-
hancing convective heat exchange to the ponds. If
more ponds were to replace the thermal mass of the
rock storage system, mechanical blowers of some sort
would still be necessary, although total mechanical
energy consumption could be reduced substantially.

The cycling of water vapor through the Ark intro-
duces a factor whose climatic and biological conse-
quences we are just beginning to understand. When air
temperatures exceed about 20°C. (68°F.) the thermal
energy lost in the water vapor carried by escaping air
can (depending on indoor and outdoor temperature
and relative humidity) equal or exceed the thermal
energy lost mn the dry air itself. Therefore, daytime
ex-filtration of water vapor can represent a significant
net heat loss. That loss is felt selectively by surfaces of
evaporation: the solar-algae ponds, leaves, and wet
soils. Condensation on glazings reduces their effective
thermal resistance. Consider the heat loss on surfaces
of evaporation. That heat of vaporization reappears
with condensation on the glazing surfaces and is con-
ducted to the outdoors. The warming of inner glazing
surfaces by water condensation reduces convective
heat loss to those surfaces, but ina total accounting the
building loses more heat. Condensation on glazingsin
a bioshelter at certain times 1s practically inevitable, so
condensed water must be channeled and kept from
surfaces it might damage. After the initial evening chill
has condensed most of the water out of the air in the
Ark, water vapor almost ceases to affect thermal
energy transport.

An arucle mn the fifth Journal, “A Thermal Budget
for the Greenhouse of the Ark on Prince Edward
[sland: Where Does All The Heat Go?” gives a quan-
titative analysis and time domain simulation of the
thermal encrgetics of the P.E.I. Ark. A similar model
for the Cape Cod Ark is being undertaken.
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PART 3—CRITIQUE OF THE ARK:
FOURTEEN NEW ALCHEMISTS AND
THE TWO ARCHITECTS REPORT ON
THEIR IMPRESSIONS AFTER THREE

WINTERS OF ARK PERFORMANCE

New Alchemy: Colleen Armstrong, Denise Backus,
Earle Barnhart, Al Doolittle, David Engstrom,
Tanis Lane, Conn Nugent, Jeff Parkin, Kathi
Ryan, Robert Sardinsky, Joe Seale, John
Todd, John Wolfe, and Ron Zweig

Solsearch Architecture: David Bergmark and Ole
Hammarlund

Questions asked by John Todd.

Here those of us most closely associated with the
Ark tell of our experiences and our concerns about the
bioshelter. We also try to explore the deeper meaning
of the Ark and its place in the future. Any redundancy
between us has been rerained to indicate those areas
where agreement is strong. No comments have been
deleted so the full range of feelings is expressed.

Section 1: Bitches, Suggestions and Changes

A. What Do You Think Is Most Wrong With
the Ark?
B. How Would You Correct Ii?

Colleen:

A. The biggest problem is proper ventilation. Espe-
cially in summer months, we have seen unhealthy
temperature extremes over the past two years. As much
as 40°F. in one day. Adequate ventilation would pro-
vide a steady current of air at all levels inside the Ark.
Plants would be hardier; there would be less stagnant
air and better cross-pollination. Cooler, stabler air
temperatures would facilitate the summer growing
regime.

B. Top vents that covered the entire growing range
and side vents like those in the Six Pack (a smaller
bioshelter at N.A.L) would be a start. Automatic ven-
tilation would be a consideration. The motors are not
that large and there are many on the market that are
quite dependable. Although I hate to admut it, these
little mechanisms are more responsive than some of the
Ark keepers, i.e. Me.

Earle:

A. The active heat distribution with the fan is now
functionally separate from the heat retained with the
aquaculture water. The major management hassle has
been that the gardeners want to vent excess heat in the
spring and fall, while the aquaculture people want to
absorb heat in the spring and fall. There is now no
structural way to transfer heat, except by letung the
internal temperature rise and passively heat the fish
ponds.

B. Alter active distribution to place excess heat from
the air directly into the aquaculture water.

Solution 1: Separate the aquaculture section from the
main plant growing zones. First send solar heated air
to the aquaculture room, to return by flowing through
a new opening in the rock storage area (see the
following sketch).

HOTTEST
AIR

4\&%&0:\( STORAGE T CF:RDDDENS
I:;’Z > ij)v
A L AvanVe

Solution 2: Put a Kalwall jacket around the
aquaculture tanks. This jacket need not be totally air
tight, and will also act as night insulation. It can be
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made to be removable (see the above sketch). This
is functionally a good solution, but with many
drawbacks, including difficult access.

Solution 3: Hot air 1s channeled to ponds in ducts,
and passed through finned tubes in each tank, in order
to transfer heat directly into the water (see the
following sketches for detail).
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David B.:

A. I happen to have a rather soft spot for the Cape
Cod Ark over and above the other buildings we have
designed and built. So what’s most wrong with the
Ark: Iris a “one-of-a-kind” structure, simple in theory

and construction, but too difficult to duplicate in its
present form and/or increased scale. The components
of the building—north wall, tensioned structural
members, the glazing panels—are themselves too
sophisticated (perhaps unnecessarily) for conventional
home-built or factory-built greenhouses.

B. 1 would advocate a simpler building systems
approach. We've become increasingly excited about
conventional systems which have been available on the
market for some time, for example, double-film green-
houses using double polyvinyl-fluoride instead of
fiberglass, with insulation curtains and back-up wood
heat. Heat stretched P.V.F. (Tedlar) has been catch-
ing our eye, as well, because it can be used as a durable
glazing system (high light transmissions and higher R-
factor) as the north insulation wall with insulation
placed between Tedlar sheets.

Al

A. The double .040” glazing Kalwall on the south
wall 1s too much. It possibly needs some transparent
material. The building is too noisy, and the sounds are
wrong for this building.

B. If we were using Kalwall I would try a single
layer of .040” with a thinlayer of either 0.025” or some
other material.

David E.:

A. One shortcoming 1s the exterior caulking and
fimishing in the Kalwall areas. Silicone sealant was used
and has peeled over most of the surfaces in contact with
Kalwall. The boards lapping over the Kalwall are
untreated wood and consequently poor adhesions. Asa
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result east and west ends of building look sloppy.

B. Use high-grade wood——spruce rather than pine—
with urethane on areas of glue contact. Also the Kal-
wall areas in contact with the wood should be sanded
and properly prepared for flue adhesion.

Ole:

A. The internal air change speed is too slow. I'm not
happy with the low inlets for natural ventilation.

B. A low static pressure, high volume fan would be.
The problem with the low inlets has been partially cor-
rected by summer screen panels.

Conn N.:

A. The problems I see with the Ark are bad venting,
an 1nefficient use of space, some poor workmanship,
and difficult fabriations such as the concave Kalwall.

Jeff:

A. 1 feel the Ark should and could be a much more
sensuous experience. T'o catalyze people’s awareness
of the fulfillment possible in nurturing ecosystems, the
root of that timeless organic bond between peopleand
nature should be the primary focal point.

B. Perhaps grow as wide a variety of flowers as
possible for both visual and aromatic contributions.

We could incorporate into some utilitarian functions,
some falling water (i.e. a small waterfall). The sound of
this with that of bees, maybe some birds, and silence
would help to say it. I would somehow minimize the

noise generated by the fan. The appearance of lushness
should be kept at a maximum, even if this means the
introduction of some nonutilitarian plants. Hanging
and/or climbing plants would add a lot to this.

Even when immersed in the interior of the Ark, one
should not lose touch with the outside world. Trans-
parent glazing (portholes if you like) should be inter-
spersed with the translucent so that the sky and rest of
the surrounding environment is visible from many
places inside although some balance would have to be
achieved with one’s need for privacy. The transparent
southern vertical windows serve only a token function
in this sense.

Kathi:

4. To retain as much heat as possible there are no
windows in the north roof and walls. This can create
some difficulties with the agriculture. I've noticed that
the plants grown on the upper levels of the Ark are
extremely phototropic, often spindly. The flowering
and fruiting plants tend to produce a lot of foliage but
often few flowers or fruit. In the design there was a
laboratory deck at the top of the building directly over
the northwest section of the growing area: The incom-
ing light that would normally be available to those
plants was blocked.

B. The lab 1s not essential to the function of the
greenhouse and should be omitted from future designs.
We are now using the area below the lab for two large
solar tanks and have dismantled parts of 1t to allow
more light through.

If the benefits of light gained were more than those
of heat lost, I think that small windows on the north
roof like those in the Six Pack would be beneficial,
possibly with an insulated shutter. However, thereare
ways in which the north wall area can be utilized for
purposes other than growing plants. For example, the
workbench in the Ark 1s in a prime growing area,
although 1t may be less convenient on the back wall, it
would free up that area for plants.

Other ways of utilizing the back wall are water
storage, sprout growing, the raising of earthworms or
rabbits, or for herbs and varieties of ornamentals that
do well in conditions of lower light.

Sardo:

A. It’'s empty! The Ark has approximately 1750
square feet of floor space. About 575 sq. ft. arc used for
agriculture and 400 for aquaculture. The remaining
775 15 used for walkways, notincluding the suspended
observation area. In addition, we are currently using
only about s of the Ark’s volume (17,000 ft3).

B. [ would use vertical space more efficiently —
terrace the hell out of it—and make all walkways
multifunctional, serving as thermal mass, retaining
walls, and walkways at the same ume,
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Joe:

A. The air flow through the rock thermal storage
bin and out through the ducts s far too constricted,
and as a result, the energy requirements to move air are
excessive. Some mechanically assisted air movement s
desirable to turn air over, but good, open design of a
rock storage could allow the same function at only ten
to rwenty percent of the present energy cost.

B. The problem is built in. In a different building,
would create spacious plenums for air flow and space
for a low-speed, large-diameter fan—perhaps six-feet
diameter for an Ark-sized building.

John W.:

A. The electric power requirement (2 kilowatt for
air pump and rock bin fan; another mntermittent Zkw
for pond resistance heaters in fish breeding tanks at
least this winter) 1s much too high.

B. See redesign notes previous section .
Wolfe.

.. John

Ron:

A. Thedesignis much too complex to beapproach-
able by anyone short of a gifted artisan. The building
is good for N.A L., because it demonstrates how excir-
ing solar architecture can be. This 1s both a positive
and a ncgative attribute. The design does provide
some interesting design success stories, e.g., structure
WIres.

B. I would use a more comprchensible, and simple,
design. It would have to be one that would be adapta-
ble as a whole or in part for different size bioshelters.
Readily available and easily assembled materials should
be used.

C. What Other Mistakes Were Made?
D. How Would You Fix Them?

Colleen:

C. Now, I do not know too much about architec-
ture but, . .. if we could keep the same important angles
of the building but lower the ceiling, I think we would
have a tighter bioshelter.

[n the agri-area, the third level is a dead pocket with
less light, less air movement and quicker erosion than
other levels. No go.

No wooden walkways. These are easy spots for
rodents, slugs, and sow and pill bugs to hide during
daylight.

The growing area 1s divided into many sections. A
lot of this space becomes pathways. More feet tromp-
ing around means higher fatality for voung plant life. I
can’t get into “Keep off the plant” signs. The division
of plots also makes watering much more cumbersome.

The east end of building was never sufficiently in-
sulated.

D. 1 would sink the bioshelter a third into the
ground, or somehow decrease the height of building.

[ would have two levels in the growing area. Each
level would have one or at the most two central plots.

I would prefer earth, gravel or cement walkways.

Earle:

C. and D. The ventilation by convection in summer
is too slow to cool the building. I would design for
ventilation by convection. The best solution s Six
Pack type low south vents, but these are not possible in
this case. The next best solution would be screened
vents opening mnward on the west end walls, and on
both east end walls.

The entrance thresholds are at ground level,so ice
and snow block the doors in the winter. But it’s too late
to change the entrances.

The south wall is inadequately insulated. Insulation
should be placed; (a) outside, on the exterior of the
plywood; (b) inside, between the air duct and the
south foundation wall; and (c) on the floor of the duct
(using loose vemiculite?).

Detail of south wall and interior duct.

VENT

AR
pLCT ’

The forced ventilation from the rock box is
misdirected and misproportioned. We could cut new
vents in the east side of the rock box to shoot air over
the upper terraces.

There 1s wood at places where condensation
collects, which will rot. We could cast special south
foundation shapes to collect both rain and condensa-
tion water (see the following sketch).
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Improved south wall design.

David B.:

C. and D. Electrical consumption is higher than
necessary to operate the air circulation system in the
greenhouse. An axial fan should be substituted for the
centrifugal fan now used to store heat in the rocks and
supply heat to the greenhouse. Axial fans have a better
ratio of horsepower to CFM for low pressure drops
than centrifugal fans. Electrical consumption would be
lowered significantly.

The natural venting system is not of sufficient size
to remove excess heat effectively in the summer. The
lower vents of the greenhouse should approximate the
surface area of the upper vent.

Infiltration in the winter is higher than necessary.
The exterior openings should be weatherstripped.

Humidity levels could be reduced; an air-to-air heat

exchange system would expel humidity and capture
809, of the exhausted reusable heat.

Al:

C. The noise in the building does not match the
visual effect. The sound of motors and fans overrides
the natural sounds.

D. Place all motors and fans in more soundproof
enclosures, and produce neutral sounds like water to
override the background. A lead or ceramic frog or
flower in the concrete pond spitting water in the air, or
anything that makes bubbling water sounds with low
energy costs would do it.

David E.:

C. The other exterior areas will not weather well,
particularly the areas between the Kalwall on the
south solar roof. The triangular peak wood areas are
warped and severely weathered.

D. Again, choice of wood and craftsmanship of fit
are would-be preservation methods.

Ole:
C. and D. There 1s no airlock winter entry. Build
one on the north side.

Jeff:

C. We should attempt, even if in peripheral ways, to
have the bioshelter and 1ts concept appeal (“‘strike
home” maybe) to as wide a variety of pcople as
possible.

D. I'm thinking mainly of incorporating the grow-
ing of flowers and houseplants into the existing agri-
culture program. Again [ feel that these would be a
major aesthetic plus on their own. Although a lot of
people find it easter to identify with these than chard,
but once the door 1s open, I believe they will get as
much, if not more, fulfillment from raising edible
plants (and all that entails) as well. Conceprually, the
same holds true for aquaculture and the tropical fish
hobbyist, though the logistics in integrating the two
appear to be more difficult.

Sardo:

C. and D. The curved southern glazing has more
surface area than a flat glazing, increasing heat loss and
material costs. It 1s also a much more difficult and thus
expensive design to fabricate. A flat southern glazing
1s more energy efficient, cheaper, and easier to con-
struct. Also, the curved southern glazing sections are
extremely difficult to repair or replace.  would try flat
glazing sections with easily removable fastenings.

The southern kneewall 1s not high enough. Snow
backs up the Kalwall panels quickly as it accumulates
at the bottom of each section. I would raise the knee-
wall to 57, to collect all the snowfall that slides off the
glazing.

No thought was given to the drainage of interior
condensation water. We could put a water barrier
across the bottom of the glazing, which would empty
water into a common gutter that gravity feeds into a
pond (similar to our present operation, but a cleaner
set-up).

The suspended observation area heavily shades the
growing area underneath it. If a suspended “observa-
tion-seedling-propagation’ area is to be included in
the design, the space underneath it should be used for
work space or equipment (potting, fans, the computer,
etc.).

A lot of warm air is lost through the doors being
frequently opened. We should add a vestibule to the
winter access door.

The 1nner glazing could have better light transmit-
ting characteristics. We could use lighter and more
transmittant muluple inner glazings.

The south kneewall ventilators are not large
enough. We could add several outrward swinging ven-
tilator doors in the kneewall, using the sane mechanism
as we have on the roof ventilator.

Circulation of the air could be used to turn large
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ceiling fans to force warmed air back down to soil level
(see above sketch).

We should have large amounts of thermal mass close
to the bottom of the building, to allow heat collected
during the day to rise by convection to the growing
areas above at night. Or we could use wind-powered
recirculating fans (using electricity stored in 12 volt
batteries, like those in cars) to bring warmed air from
the ceiling back down to the growing area during the
night.

Propagation boxes shouldn’t be heated electrically
even for short periods. I would like to put these boxes
on top of the compost box for heat and CO>, or in the
warmest part of the building, such as the suspended
observation area. Right now they are in the coldest
part of the Ark.

The water used in the Ark is too cold in the winter;
any water used for irrigation should be preheated by
the sun to warm the soil and avoid shocking the plants.

We could use thermal siphon solar collectors tied into
a gravity fed water distribution and storage system.

The agricultural and aquacultural areas should be
separated by a partition, to let temperatures in the aqua
section rise above levels which would be harmful to
plants 1n the agri section. We could design high and
low vents into the partition, which would be closed
during the day and open at night to let air from the
aqua section be carried by convection into the agricul-
ture area.

The small east-end door 1s not wide enough to let a
wheelbarrow pass through—I'd like to widen the door
to accommodate one. To have to open both doors
results in lots of heat loss in the winter.

Irrigatng crops with a hose takes too long. I would
prefer a gravity fed drip irrigation system.

Water 510!'05(,[{!&11& By Ditect Gain And Thermaosiphon  Solar  Collector

B N

Solor Heated water Gravity Fed To Plants Ui Drip Tmigation Ystemn
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Joe:

C. [am suspicious that we have condensation prob-
lems in the north wall insulation.

D. If the problem exists, | would create screened
vent holes with a gutter-like fixture above them to
keep out rain.

Ron:

C. and D. All sills should rapidly drain conden-
sation to prevent growth of mold and algae. The lower
panels at base of fiberglass should be insulated. More
vents should have been included in the design.

The work space around the solar-algae ponds
should be enlarged to make tending easier. The
research platform shades too much. I would relocate it
on the rock box. The rock storage box needs insula-
tion on the bortom—maybe not, considering tempera-
ture of the earth and its contribution of insulation.

The irrigation pool should have been put at higher
level, to allow for siphoning instead of pumping it. We
should have included air-lock arrangement to prevent
excessive winter air exchange; possibly revolving
door, but this is perhaps too expensive.

Since the building 1s 2 demonstration we could use
more glass windows. This would allow the public
visual access of the building even when it islocked. An
internal source of water is needed, either froma well or
from town lines. Finally, the south footings should be
deeper, to keep heat escaping underneath the building.

E. If You Were Rebuilding or Redesigning the Ark,
How Would You Do Ii?

Colleen:

If I were redesigning the Ark, I would drop one-
third of it down into the ground. The earth is a good
and cheap organic insulator. I would combine the
working area, the seed germination box and the trans-
plant seedling area at the east end of the building into

one anteroom. [here would be a tight-knit mesh
screen dividing this area from the rest of building. The
rationale behind this “nursery’ is primarily protec-
tion. If the general pest population could be deterred
from getting to the youngsters, they would have a
much better start in the Ark world. In the anteroom, I
would build a step-type set of benches parallel to the
south roof to get the maximum out of some of the
space. The racks on the north wall would be for var-
ious pots and built-in bins for soil mixes would lie
underneath the workbench. A sink with running
water would help both the aqua and agri people.
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Opening the screen door into the Ark, the growing
area would have two levels. On the ground level, a
gravel footpath would cut across to west end. Going
east to west on the lefthand side, first, there would be a
raised propagation bed with an automatic mist system.
In the center, a sunken fish pond with a charming
mermaid and beside 1t, a raised bed. Adequate side
vents would line the entire south side.

This section would be two-and-a-half feet in height
and, compared to the outdoors, would be under-
ground by half a foot. Across it would lie one long bed
also raised two-and-a-half feet from pathway. If there
werea rock storagearea (and [ would have one because
[ can see now that it’s important, where before [ was
skeptical), this bed would run up to it. Along the rock
storage wall, permanent, dwarf trees could disguise
the wall and create a relatively undisturbed warm
zone. A path would lead to the second level.

This section, about two feet higher, combines many
old ideas. The back wall would be lined with solar-
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algae ponds spaced for vents to blow air in between.
The vents would be low to the ground and the air
would come off the rock storage bed. There would be
similar vents in the south wall of this level to circulate
the air over the ground level.

To build into a hillside would be convenient. If the
second level and the rock storage were the same height,
one could extend the growing section and solar-algae
ponds over rock storage. This would be a great per-
manent tropical forest area. A vine arborway would
lead to the aqua kingdom. The second level growing
area would consist of two central beds.

Earle:

[ would arrange the aquaculture tanks in the high-
est position with a gravity flow water cycle from
rain - storage - aquaculture > hydroponics — irriga-
tion—out. ‘

David B.:

With the above changes the Ark is a sensible and
aesthetic approach to greenhouse architecture. Floor
plans and areas might be changed to accommodate
different growing areas.

The Cape Cod Ark successfully fulfilled the pro-
gram requirements which were weighed by both the

growing (agri/aqua) requirements and the “new
architecture” approach.

Al

We should possibly replace the rock storage with
surface exposure storage and use overhead (slow
turning) fans to mix the air. We could use more
transparent glazing but I'd otherwise stick to the same
type of design; but improve vertical space utilization.

David E.

The shape and general structure are excellent. There
are several areas | would focus on, to ease labor, and
insure greater longetivity to the structure and support
system. On the uppermost level, I would like to see a
meditation area with mildew resistant cushions; we
could also have a glass section directly in front of the

desk for outside visual contact (these changes would
require a slight enlargement of the uppermost level).

With regard to the electrical components (relative to
research versus personal use and lifestyle),we need
more grounded receptacles near solar tanks for heaters,
etc. (if used extensively). There 1s a real danger with
heaters now, since they are not grounded and moisture
near the tanks is high. The aquaculture staff isaware of
this, and 1s careful. Light fixtures hang from wiring,
and there 1s rust appearing near the junction with the
electrical boxes. We need a covering of permanent pipe
with good seals here. My personal option for the Ark’s
electrical system would be 24 volt DC wind limited
power.

My first preference for heatis like the P.E.I. design—
limited contact with the living area. Auxiliary heat
would be wood fuel for a “sauna” room, with vents to
the Ark to maintain the winter fish stock, as necessary.

We need further emphasis upon a permanent drain-
age system for the solar-algae ponds (always necessary
to some degree for detritus removal), which is inte-
grated into a good irrigation system for the agricultural
areas.

Ole:

[ would consider Tedlar or teflon for higher levels
of light and energy. I think an additional 109 could be
obtained.

Jeft:

[ really haven’t considered this question in many of
1ts exhilarating and complex details. Basically though, 1
would make 1t the hub, as it were, of my home. The
only access berween “‘rooms” would be via the
greenhouse portion and many of the “rooms” would
be virtually indistinguishable from it; the place for
eating and a studio of sorts are two that come to mind
immediately as well as a sauna and bathroom nestled in
groves of bamboo in containers.

L
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Photo by Hiide Maingay
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Joe:

I would retain the basic design—it is sound. But [
would investigate the feasibility of eliminating the rock
thermal storage function entirely in favor of increased
thermal contact with water and soil. To accomplish this
would require low-speed, low-wattage blade fans to
maintain air movement, replacing that function of the
rock storage blower. More water mass could be
needed, closer to the proportions of water mass to
glazing area of the P.E.I. Ark. A greater number of
smaller solar-algae ponds would provide a better
surface area/volume ratio for passive heat exchange. I
like John Wolfe’s suggestion of raised beds both for the
benefit of workers and for soil-to-air thermal contact
over a much greater area.

John W.:

I would avoid the rock storage and big fanand store
more heat in the soil. Raised beds with masonry side
walls could reduce back strain and increase the
effective thermal mass of the soil. Masonry ducts (of
concrete blocks or ceramic pipes) through the soil
would also increase surface area and heat exchange.

[ would reduce the power needed for aeration. We
now use 25 watts of power per pond. We could use 3
watts for almost the same amount of air. The problem
is frictional loss in the long, sharply bent compressed
air lines; 3 wartt Metaframe aquarium pumps for 24
ponds (used 12 hours each day) have a low enough
power requirement for wind electricity.

[ would augment CO: and heat with large-scale
composting: low plant yields and low temperatures
this year (despite warm cloudy weather) may be
partially due to having no compost pile. If Sardo’s
calculations are correct, the moderate 4’ x 4’ x 4/ pile
last year produced enormous amounts of heat and
COa.

[ think we should avoid thermal circuits. Shallow
foundation walls, such as the south edge of the Ark,
can’t be insulated deep enough to avoid a short path
through the ground to the outside air for escaping heat.
Dig deeper! Use a thinner, more transparent inner
layer of Kalwall (.025" rather than .04"). Make the
glazing flat rather than troughed, to reduce surface
area, and thus heat losses (by 129, through the
face!). Increase light transmittance by presenting a less
oblique plane to direct solar radiauon. Triple glaze
with a third, middle solar film (very high in light
transmission characteristics), or with a movable
insulating night curtain.

We should get resistance heaters out of the seedling
beds. We could put the seedling box on the compost
for warmth, or put the box above a tank of hot
antifreeze, attached to a thermosiphoning liquid
collector (using Sean Buckley’s simple “‘thermic
diode” oil valve to avoid back siphoning at night). Or
we could insulate the heck out of the box (e.g. use a

clamp-locking board insulation top, rather than the
flimsy Kalwall cover) and drive resistance heaters with
(very little) wind electricity.

Ron:

[’d first buy a case of beer—better make that two
cases. Then I'd get together a solar engineer, an archi-
tect, a builder, a greenhouse agriculturist, an aquacul-
turist (closed-system type), an interested backyard
gardener, a couple of people who’ve had experience in
such a structure (these could be some of thosealready
listed), and a visionary with good economic perspec-
tive to round things out. I'd then take the child-in-a-
candy-store approach and make the first task to have
each of them describe what the ideal design would be
to accommodate their particular interest, each also put-
ting in their own aesthetic preferences. The real work
would begin in the synthesis of this kind of structure.
We would evaluate designs that had been considered
or built previously. After this first session a series
would follow with everyone working independently
between them to bring up possibilities not initally
considered. This would take more time and a lot more
beer.

[ guess the underlying basis for the design would be
to make the building as passive as possible in terms of
energy use.

Also, the outdoor courtyards would have to be
assessed for their economic viability. Concrete lasts a
long time, but it may be too expensive.

F. Miscellaneous Comments Related to Prior
Criticisms and Changes

Colleen:

Music (live or otherwise) would be appreciated by
all. The mermaid would curse you if the Ark were not
kept clean. If anyone smoked a cigarette or such, he or
she would be transformed into a toad. On the serious
side, the building would have to be better insulated
than the existing Ark, onall four sides. If the tech were
ready with an insulated type glass, | would consider
the outside roof sheet of such material, and the inside
fiberglass. A night shade, maybe.

Denise:

On occasion [ am aware of the large, unoccupied air
spaces in the Ark. If it were to be used for community
gardening, more of its space would be needed for
growing—multi-levels or glass shelves or increased
terracing or hanging gardens?

Earle:

The electric immersion heaters in the aquaculture
breeding tanks must be recognized as a significant
fossil fuel input to the functioning of the building, and
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an indication of an inappropriate choice of fish or an
ineffective solar design, and a tendency toward high-
energy aeration, heating, etc., which is frowned upon.

The estimated lifetime of the structure before major
problems is still short in any long-term conserver
society scenario.

David B.:

As a postscript to E. In designing the Ark, we
endeavored to do more than create an environment. We
tried to develop a greenhouse vernacular—say a visual
statement—something that wouldn’t wear off quickly.
[ wouldn’t rebuild or redesign the Ark asan object, but
rather reorganize the concepts into a new form. Let’s
face it, we've learned lots of new stuff since then.

Al:

Before expanding or doing again, the problem of
door sealing and wood exposure should be given some
attention.

Ole:

Light levels should be compared with levels in
regular greenhouses in the area. What is the premium
paid in terms of loss of light?

Conn:
Its beauty is its central value. Keep things beautiful!

Jeftf:

I feel that the use of microprocessors to disseminate
information and mediate between the processes of the
ecosystem and its human nurturer(s) is antithetic to the
ultimate benefit to humanity which might be derived
from bioshelter. How is a person to begin to revere and
understand life—one’s own, others, and nature—
when communication with their natural life support
(enhancement at any rate) processes is performed vi-
cariously and mechanically. I'm convinced that the use
of microprocessors to enhance the “market appeal” of
bioshelter will result in superficial victory (positive
and resulting from misconceived means) at best, a
Faustian pact at worst.

Sardo:

Our management of the Ark as a solar-heated
structure needs improvement. A seasonal management
scheme needs to be established for crop selection,
ventilation, fan duration and whatever. I realize this is
evolving slowly. We need to learn how to exploit fully
the temperature extremes in the Ark over the year
instead of fighting them by ventilating or adding
heaters to fish tanks. For example, large thermal
reservoirs (water, stone, etc.) could be designed into,
under, or near future bioshelters to absorb the
summer’s heat for slow release over the winter.

Joe:

I have considered other bioshelter shapes, in
particular the geodesic dome, A potential advantage of
a dome would be high volume at low cost and a shape
that promotes natural convection. However, the ratio
of solar aperture to heat-losing glazing area would be
poorer even if part of the dome cover is opaque
insulation with high thermal resistance. Reduction of
this ratio would lower average winter temperatures
unless scale i1s made so large as to permit seasonal heat
storage, which would require a deep internal water
body, regardless of dome area. It seems that great
volume for plants is of limited value, as solar aperture
and the resulting insulation is the growth-limiting
factor. T would pay the moderate energy cost of
mechanically driven air movement and stick with the
elongated east-west building shape.

John W.:

Consider . . . Ark as huge crop dryer in autumn to
build up heat storesand dry out fungus and mildew that
normally attack wood.

Ron:

At this ume, I would suggest that a meeting be
conducted with all those interested to try and put
together the changes that the Cape Cod Ark needs
now. Those most significant should be implemented as
soon as possible. I think the building has been an
excellent start toward this kind of architectural
design—an excellent learning tool.

Section 2

A. How Did The Ark Open Your Sense of Future
Possibilities?

Colleen:

Basically, the Ark has broadened my future by
creating an environment where food and ornamental
crops can be grown successfully without chemical
pesticides and fungicides. Even though food has been
grown for hundreds, thousands of years without the
chemical agents, in my own lifetime, insecticides have
been used as a crutch for maximum productivity. As a
grower, abuse of chemicals drove me away from
greenhouses. Not only has the Ark allowed me to
return to a practice that I thoroughly enjoy, but it
provides an atmosphere to develop and experiment
various techniques in controlling insect pests. The Ark
is a challenge. Over two years, | have seen progress
and setbacks. There are many unexplained phenom-
ena. There are endless possibilities as to where the
Ark can be applied.

Denise:
It is a rallying cry for passive solar with attendant
possibilities of creative uses for that heat.
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David B.:

N.A.IL and Solsearch have been a successful rela-
tionship because of freedoms we enjoyed in develop-
ing the conceptual and architectural work of creating
Arks. The most outstanding feature about the Arks
has been their unprecedented success as heat capturing
and trapping structures which has led us all to believe
that these concepts can be expanded into both the
production and residential fields.

Al:

As a nonverbal statement that says it can be done—
to use the sun as a heat sourse without high technology
or plumbers’ nightmares.

David E.:

I now contemplate no personal or group living
structure without a similar ark structure physically
connected to or associated with 1t.

Ole:
Limitation on money and energy proved not to be
limits but rather to offer new and exciting possibilities.

Tanis:

The introduction of new materials and the new
sense of space in that context has opened a window for
me both visually and practically.

Conn:

By offering hope to northern climes. Helps elude
nasty choice of going nuclear so as to sustain cold
civilizations, or going primitive and dispersing inhab-
itants (or killing them off).

Jeft:

It has opened up some of my 1deas of future possibil-
ities by manifesting them into reality. It offers an
alluring and pragmatic vehicle through which people
can come into closer contact with life’s basic processes.
A time when people’s lives are balanced out with a
deep-felt reverence and responsibility towards nature
in whatever form now seems a great leap closer.

Sardo:

Immensely! It’s one thing to talk abourt a solar-
heated building and another thing to experience the
daily and seasonal cycles and rhythms within one. I
now know, without a doubt, that the sun can supply a
major portion of our energy needs safely and cleanly if
people would only let it. The latest solar forecasts
predict the sun could supply 25% of our heating needs
by the year 2000. Why wait until the year 20002???
We already have the knowledge, skills and material
needed for a major transition toward a solar-oriented
society. [ believe this percentage could be much
greater if people were turned onto the realities of using

solar energy. The Ark has “blown away” every win-
ter visitor I've seen walk in. The hidden beauty and
warmth trapped within the Ark’s translucent glazings
have converted one hell of a lot of people into solar
advocates. Let’s hear it for educating the masses! As
H. G. Wells said, “Human history more and more
becomes a race between education and catastrophe.”

Joe:

It has demonstrated to me the technical feasibility of
year-round local food production in temperate cli-
mates with potentially vast energy savings and desira-
ble decentralization. I am discouraged that institu-
tional and social inertia may slow the spread of such
appropriate technology to the degree that its wide-
spread use will be foreclosed by institutionalized hard
technology and/or economic collapse.

John T.:

Some of the things going on in the Ark are literally
extraordinary. Theagricultural ecosystem is behaving
like a coherent, integrated whole that has responded
creatively to our initial design—including not using
poisons and the “seeding” of a wide diversity of orga-
nisms from very different kinds of “parent” eco-
systems—and to the care and affection lavished on it
by its tenders.

It’s as if by doing all the above we have increased its
genetic possibilities and its ecological strategies to the
point where it has created an ecosystem highly adapted
to the unique environment that is the Ark.

[ hoped this would happen, but I didn’t dare believe
it. The results fly in the face of conventional wisdom
which says greenhouse environments are hot beds for
disease and pestilence. Normally, this is true. In our
case, organisms, which are our agricultural allies, have
invaded the Ark on their own, or have been broughtin
as passengers by seeding 1t with diverse soils. Other
allies, like the anti-whitefly wasp, Encarsia, have been
consciously introduced together, and over time they
have enabled the Ark’s ecosystem to develop a healthy
balance and to keep pests and disease at bay. Somehow
it has been given enough biological information to
evolve ecologically to this exceptional state.

I am aware of the meaning of all this. It opens a tiny
portal to a new kind of agriculture that borrows
widely from the planet for its ecological integrity, an
agriculture with internal patterns akin to those of the
forest, but with dynamic components uniquely its
own.

John W.:

By showing the enormous benefits from a living,
breathing and imperfect solar design. The next gener-
ation of bioshelters will be stupendous! This one has
honed our understanding to a keen edge.
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Ron:

By working in and around the building, my under-
standing of climate, ecology, food production, archi-
tecture, and their integration has been broadened and
deepened. It has been a stepping stone toward the
design of how an ecological, renewable resource based
society may be formed. This is true of all N.A.L
bioshelters.

B. How Has the Ark Affected Your Work and Career?

Colleen:

That’s a tough one to say because I can never predict
my own future. I am really one of those day-to-day
people. However . . . without even hearing about
N.A.L, I might have followed two courses. The first
would have been return to school and become some
kind of professional. Whether or not I would have
found a direction into integrated pest management is
questionable. My humanistic tendencies may have
thrown me into a service job. Or secondly, I might
have leaned toward a horticultural therapy field,
applying these techniques in various rehabilitation
modes for institutional people re-entering into com-
munity life. If I had been desperate, I would have gone
into a horticultural business. Finally, and this will
truly come in the future, I will farm. The Ark has
allowed me to bypass many things I really did not
want to do and to put my foot in the right direction—

not to mention the fact that it constantly makes me
think.

Denise:

It has certainly focused my family’s attention on
plants, solar, conservation; it has expanded our aware-
ness of the lovely green possibilities in a black-topped
world. Here, it “restoreth my soul”’—to go from

inside the house to inside the Ark is a constant plea-
sure. Taj Mahal of Cape Cod.

David B:

The concepts developed in the Ark can be applied to
other architectural forms. It has been our effort to
package these ideas into projects as a new philosophi-
cal approach to a new architecture.

Al:

Most people have goals to “get to the country”
whether as a weekend retreat for a corporate executive
or as a vacation for a young couple. Our kind seems to
be part of a balanced triangle, with flora and fauna
being the other elements. Any imbalance seems to
drive for compensation as in the first statement above.
By bringing these elements together in a working
environment which has some adaptability to modern

living situations, a more harmonious life can be ob-
tained.

David E.:

It has emphasized the need to collect pertinent infor-
mation such that I personally understand is the con-
struction, design and implementation of such a struc-
ture.

Ole:
The Cape Cod Ark proved that bioshelters can have
their own strong form of language.

Tanis:

The Ark hasn’t had a concrete effect on me yet—I
am still absorbing that. The light is quite different to
my visual sense.

Sardo:

Over the past year, [ have beenable to explore many
diverse and interdependent biological and physical
components inside the Ark. The Ark has been an
incredible classroom for me and for all of the students I
have worked with. Thanks to many inspiring mo-
ments in the Ark [ plan to continue integrating biol-
ogy, engineering and education in my formal studies
and career over the coming years.

Joe:
Only indirectly.

John W.:

C’'mon, you're kidding? It’s given this tender, re-
cent college graduate both work and a strengthened
direction.

Specifically, 1t’s let me combine ecology and en-
gineering. Now that they’ve fused, I'm not going to let
them separate in my work.

Ron:

Hey! it gave mea job! This aside, it also opened me
to working and thinking toward the understanding of
how an existence would be woven into a symbiosis
with the environment. Being in the building on a cold
winter day stimulates the imagination and frees one
from thinking of a temperate climate as a restrictive,
expensive one in which to exist during the colder times
of the year.

C. Has It Been a Creative Integrative Statement,
as a Bioshelier?

Colleen:

No question about it. Yes. In many ways the Ark is
both integrative and creative, simply in combining
aquaculture and agriculture under the same roof and
seeing them work together. The Ark changes every
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week with new apparatus, different modes of manage-
ment, and different populations of countless living
orgamisms. ['he most outstanding is in the word bio-
shelter itself. A structure with an ongoing community

of life.

Denise:
Oh my ves.

Earle:

Not a bad first shot, but the water cycle, water
heat-storage distribution and air circulation are still
fragmented.

David B.:

The Ark as an architectural solution is certainly an
integration of form and function. Its subtlety of struc-
ture and internal systems based on laws of thermal
dynamics produced within severe limitations of simple
technologies and limited economics, suggest the im-
portance of the bioshelter as an important alternative
to present food-producing models.

Al:
Yes.

David E.:

To a imited degree, since no one lives in the Ark
or feels a 24-hour “living” association with the
dynamics of the biological systems. Another limita-
tion—wind power is not yet integrated (understand-

ably).

Ole:
Yes. Cost, structure, and function are all integrated
into an aesthetically exciting environment.

Tanis:

I would like to see more play with space both
grounded and suspended, with either materials or
growing things.

Conn:
Yep. What it now needs is context. Perhaps via vil-
lage design.

Jeff:
It has been a creative integrative statement period!
Bravo!

Sardo:

Absolutely! It’s funky, alive, beautiful and by golly,
it works! What more can you ask? Of course, some
mistakes were made as would be expected. The only
way to realize these is by doing it though. As E. F.
Schumacher said, “We are always having all sorts of
clever ideas about optimizing something before it even

exists. | think the stupid ‘man’ who says ‘some-
thing 1s better than nothing’ 1s much more intelligent
than the clever chap who will not touch anything
unless 1t 1s optimal.”

Joe:

Yes.

John W.:

Yes, amazingly so. Ecologists like Robert May now
maintain that species diversity indicates environmental
stability. The rich flora and fauna diversity in the Ark
(species from both temperate and tropical regions)
demonstrates a stable, inviting climate.

Ron:

Yes. As I stated before, it has been a very good
introduction into possibilities of solararchitecture with
integrated food-producing components within its de-
sign.

D. What Kinds of Future Work Would You Like
to See?

Colleen:

Now this 1s going to be strictly biased. I would like
to see a rigorous program developed to evaluate the
economics of food production inside the Ark. This
would include accounting for space, time, fertilization,
pest control, waste and production of the most popular
and marketable vegerables. I would like to see a pro-
gression of biological agents, mostly insects, intro-
duced into the Ark and an observation of their estab-
lishment or extinction. If this did happen successfully,
what would be the order of these new insects? I would
also like to see some development of vegetable varie-
ties that acclimatized to Ark-type buildings for future
production.

Denise:

More sampling for possible accumulation of con-
taminants. More pest control management; more cash
crop experiments. Is the ratio of solar-algae ponds to
Ark spacealready determined? Energetics of compost-
ing, solar energetics: how is the glazing holding up? Is
condensation leaching anything out? Wind hook-up
for aeration.

Farle:

[ would like to see a heat budgetanalysis of building,
wind-chill and windbreak effects; gray water treat-
ment; greater use of perennials; vegetables chosen for
nutrition rather than profit; polyculture aquaculture
run on a constant rather than seasonal batch; internal
water supply and storage; walk-in root storage in the
earth berm.
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Al:

How about including animals in the Ark “system’’?
I know this is not readily possible, at N.A L., but even
a loose link would be preferable.

David E.:

See section 1.E.

Conn: _

I'd like two disciplined projects: One, to test food-
growing capability for X number of adults (and no one
else). Two, to testnon-food crops (e.g. tree seedlings).

Jeff:
See Section 1, B. and D.

Sardo:

We should study: CO: dynamics, seasonal thermal
storage, and night insulation over plant beds. Sprouts
(test seeds which need soil to sprout) would be a high
turnover crop!

Joe:

I would like to see comprehensive energetics and
mass flow research to show where heat, air, and water
travel through, into and out of the building over time. |
would also like to see the continuation of integrated
agriculture and aquaculture research that 1s going on
currently.
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John W.:

I would like to study CO: dynamics (measure the
stuff); the possibility of annual heat storage in soil
beneath the Ark; using the Ark as a huge cropdryerin
autumn. We could reintroduce tropical food plants;
integrate solar ponds into a low-flow solar river, with
hydroponics to strip out nitrogen compounds. ['d like
to see more tree propagation work. I'd also like the
economic analyses to be expanded. This will give us
good baseline data for future design.

As is, there are a number of projects presently
underway. With their conclusion, [ think they will
lead us to the next priorities to be researched.

Section 3: Optional.

A. Discuss Scale, Function and Social Use That
Arks Might Be Developed For. Please Discuss
the Ones That Personally Interest You.

Colleen:

[ have a strong desire to develop the use of an Ark as
an educational tool, a place where everyday people,
not just new-age, or middle-class types, could learn
simple, efficient techniques to grow food for their
family in a bioshelter year round, something on the
order of an intensive seminar.

Denise:

The community garden idea, or a community green-

house (for houseplants, exotics, and shrubs on a com-
mercial scale) most interest me. That scale would make
it financially feasible ... likearboreta oraviaries, it calls
forth a loyalty and pride and delight in function that
could attract a group dedicated to 1ts growth and main-
tenance.
(A thought—The Ark as a research space is different
from Ark as an agricultural (or whatever) space. We
have a complicated system there due to fragility of fish
that must be simplified to be widely accepted outside
this Farm. Is it just the search for the Perfect Fish that
will do 1t> How best reduce the criticalness of these
cold spells?)

David B.:

Energy concepts developed in N.A.I. Arks have
been picked up by other research groups and govern-
ments as approaches to food production. Unfortu-
nately some of the philosophies of the bioshelter design
get lost in these interpretations.

We’ve been seriously proposing “Granny Arks” as
housing and horticulture centers as an alternative to
“elderly housing.”

These systems are easily translated into urban solu-
tions for housing and growing.
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David E.:

Individual arks offer biodiversity, and food for a
family or a small group. Community arks could be for
specific crops, or groups of crops with an environ-
mental control bias.

The functions of individual or community arks
could be research (if appropriate) into psychophysio-
logical interplay, towards understanding the rhythms
of success or failure in growth systems; teaching; and
lifestyle at any level, a constant interplay of individuals
with the biological process of the ark.

Social possibilities include music, small group medi-
tation, and other activities which harmonize with a
greenhouse atmosphere. Social function is limited by
economics to some degree, which necessitates that its
primary use be growing food. More appropriate uses
might be as a solar house, a solar-wood sauna or a
large bathing hot tub.

Ole:

The Ark as a place to be 1s overwhelming to me and
we keep trying to integrate the bioshelter environment
into our houses. We are particularly interested in
building a “Granny Ark,” an old people’s home—
food production center.

Tanis:

What interests me personally 1s small Arks—there
could be any number of uses—I see most as educa-
tional facilities. However, in my wildest dream 1 see
myself running a large commercial venture composed
of a few Arks. Their uses would reflect the real com-
mercial needs of the community. Trade of informa-
tion, materials, foods that were pertinent to the
particular culture of that particular location. Solar
shopping center!! Imagine! Appropriate Technology
Bureau for each locale-—and a cup of espresso!

Conn:

I'd like to see on-site experiments in scale of Arks,
which would create, by necessity, experiments in
functions. Examples: Arks as a nucleus for a 6-house-
hold cluster-zone development; Arks as neo-barns;
Arks as discreet single-dwelling adjuncts.

Sardo:

I’d like to see an Ark on every block or in every
neighborhood. Ideally, they could be cooperatively
financed and managed. Fach one might be the size ofa
small-to-medium-sized warchouse. They could sup-
plement people’s diets with rasty and nutritious plant
and fish crops throughout the cooler months and pro-
vide vegetable and tree seedlings for outdoor planting.

Equally important, they would offer a peaceful place
to retreat to where one could experience many of the
colors, smells, and sounds of summer in the dead of
winter.

Here’s a funky cooperative/capitalistic idea: I've
been dreaming about opening up a bioshelter cafe for
quite a while. It would be a great way to combine
many of my own interests (growing food, designing
shelter, cooking, turning people onto more ecological
ways of living, etc.). What could be more elegant than
seeing your dinner picked and prepared in front of
your very eyes!

Joe:

Thermal performance of the building depends pri-
marily on area-to-area ratios (e.g., glazing area versus
heat-exchange surface area) and area to water volume
ratios that become independent of overall building size
if water is kept in particular size containers covering a
particular fraction of the floor area. Asa result, there is
no substanual advantage here to very large size. The
architectural cost-per-square-footasa function of scale
should be investigated. For commercial uses, the Ark
may be too small for the current business paradigm,
but that does not address the issue of household in-
dustry.

John W.:

The present scale of the Ark, about two thousand
square feet, looks energetically and economically effi-
cient. Many social arrangements to build and use this
scale bioshelter can be imagined. These include useasa
local food cooperative that could finance construction,
hire a part-time tender, and sell the produce to co-op
members; a group of families that could share costs,
labor and yields; high quality restaurants that could join
bioshelter and dining room: Patrons could watch
(through a glass partition wall) their salad being
picked or their fresh fish dinner being caught! People
would come from miles around to eat at such a place.

Ron:

Arks can be used for education, to increase our
awareness of alternative paths for survival. Arks can be
used to put people, even in urban settings, in direct
contact with the living world. This will give them a
sense of what often is taken for granted for their own
existences. It will also present them with a feeling of
the responsibility they must take for the environment
that supports them. It will show them how sensitive an
ecosystem is. This should increase their awareness of
the impact of human industrial enterprises upon the
environment.
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B. Do You Think a Design Like the Ark Can Help
Revise and Rationalize Agriculiure in the Novth-
east? If so, How?

David E.:

Economic agriculture? It cannot compete with many
crops from farm machines, relative to wholesale price
structure. We have the same problem with fish culture
to some degree. Hence economics of “‘organic” or
“good” food is a limited but realized market.

For home grown, “garden’” oriented food supply,
the Ark does help to revise by more growing time, and
more personal food o1 small community or family
level.

Relative to economics, certain unusual crops (black
forest mushrooms) might eventually be harvested
($3.00 1b. wholesale) and be successful in competition
with agribusiness.

Ole:

More production trials need to be done. We are
currently working on a proposal for Sudbury, On-
tario with an acre of solar greenhouses.

Conn:

For sure.

Essential is the establishment of direct-marketing
schemes. Farmers’ markets are doing gonzo business.
With proper infrastructure, one could see a reliable
year-round market for fresh, nontoxic produce.

A lone Ark tender, however, would have a hell of a
hard time selling his/her stuff.

Jeff:

[ certainly hope so!

Joe:

[ feel that the impact on commercial scale agriculture
for distribution to supermarkets will be the slowest,
since that system 1s the most centralized. I see three
quicker changes. One is at the houschold level, for
solar add-on spaces for existing houses as well as solar
design of new houses. From a thermal point of view,
greenhouse add-ons in the northeast are about a break-
even proposition especially with efficient night shut-
ters. They also offer extra space to stretch and breathe
good smells, be in the sun, and to work with soil in the
winter as a recreation from the jobs most people have.
For retailing of food, the farm-stand type of business
seems best adapted for application of bioshelters. An-
other important area is in restaurants growing and
providing fresher foods. Vegertarian restaurants are
likely to take the lead in this area, since their clientele
1s more likely to appreciate the difference. In addition,
vegetarian restaurant proprietors will be socially and
psychologically more inclined to favor growing their
own food.

John W.:

Arks could provide low-cost tree and vegetable
seedlings to local farmers; dry crops such as apples in
the fall; expand aquaculture, by overwintering fish fry
and breeder-size adults that could be cultured in cages
or shallow ponds in summer; provide off-season pro-
duce to local markets.

Ron:

I'm glad this question is optional. It reminds me of
history questions I used to get on high school exams:
“Compare and contrast the economics, and social and
political systems of the first Ming Dynasty to present
Chinese systems.” (10 minutes).

[ don’t think we can really miss with the Ark-type
design. The prices of fuel and food are skyrocketing.
The most important criteria to consider are the cost of
materials in construction and the lifetime and mainte-
nance of these structures. [ feel the Ark has demon-
strated that solar-based designs will work. We just
need to tighten up and eliminate some of the problems
we’ve discovered and it should be a viable technology.
Of all the problems that have been discussed over the
last two years, | have yet to hear of one that someone
within N.A.L. has not been able to resolve. January
will always be January, but who knows—-a little assis-
tance from photovoltaics may eliminate our low light
problems. Wind power auxiliaries incorporated in de-
signs should help bring us to an even more integrated
working system.

PART 4—EXPERIENCES WITH SOME OF
THE ARK’S SUBCOMPONENTS

Solar Aquaculture Energetics and Its Contribution to the
Ark Climate

John Wolfe

The 14 solar-algae ponds now inside the Ark act not
only as fish culturing units, but also as passive solar
collectors with internal heat storage. Daily wintertime
temperature fluctuations in the ponds provide some
indication of the amount of heat stored and later re-
leased. Amplitudes in temperature oscillations aver-
aged at least 2%2°C. this past winter. Since the ponds
contain 2.3 to 2.5 cubic meters of water, this represents
six million calories absorbed, stored and released by
each pond overanaverage 24-hour period. This repre-
sents a total of 84 million calories daily contributed by
the aquaculture facility. In four winters this heat will
equal the amount of energy expended in manufactur-
ing the pond (calculations are detailed in the Aquacul-
ture section). Over the expected lifetime of the pond,
five times as much useful energy will be generated than
was spent 1n 1ts creation.
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Condensation Cycles
Robert Sardinsky

A portion of the solar energy trapped in the Ark
interacts with plants, soil and uncovered fish ponds to
create a relatively humid environment. The resultant
water vapor eventually either condenses inside the
building or ex-filtrates to the outside. Large amounts
of energy are transferred in these processes. During
February and March of 1978, we measured the
amount of water that condensed on the southern glaz-
ing. We were interested in both tracing the flow of
water through the Ark’s hydrologic cycle and in the
heat losses from evaporation inside the building.

The 20 curved panels of fiberglass on the southern
facade lend themselves to the ready collection of
condensed water. Water condenses at night on the
inner side of the two fiberglass skins and runs to the
bottom of each column. To collect it we applied a bead
of silicon caulk across each glazing a foot above the
bottom end, but the caulk was difficult to work with
and 1ts rounded bead did not stop the flow of conden-
sation water. Then we tried a %-inch band of closed-
cell, adhesive-backed weather stripping which fun-
neled all condensation water to the center of the
glazing where it accumulated and dripped down into a
collection pan. Previously, condensation water
drained onto a wooden sill plate where eventually it
would have caused rotting problems.

We measured condensation run-off from the 14
eastern panels. Approximately 3.5 pints of water was
collected from ecach of the five castern-most panels
daily, one pint from the middle four, and 3.2 pints
from the five westernmost panels. Variation in the
microclimate inside the Ark canaccount for the differ-
ences in condensed water. The ecastern end has the
lowest temperatures because of the negligible thermal
mass, large glazed area and the long distance from the
rock storage ventilation system. When moisture-laden
air enters this section its ability to hold water decreases
with the lower temperatures and once the water vapor
touches the glazing, less cooling has to occur for the
water vapor to reach its dew point and condense. The
westernmost panels stand above an open fish pond,
which accounts for the large quantity of water col-
lected there.

Tremendous amounts of energy are consumed and
released m the evaporation process. During the day,
evaporation can occur until the air becomes saturated.
The saturation point depends on the air temperatures;
the amount of water that can be held by air doubles
with every 20°F. increase in temperature. The evapo-
ration process absorbs heatat a rate of 600 calories per
gram of water. Water vapor produced inside the Ark
eventually either condenses on some cool object, such
as the glazing, or is carried outside by escaping air.
Most condensation on the glazing occurs during and
shortly after sunset when air temperatures rapidly
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drop, decreasing the amount of water the air can hold.
The subsequent condensation of water on the inner
glazings creates a heat transfer path to the conductive
and radiative paths. Between five and fifteen gallons of
water condense on the southern glazings each winter
night. In the process, 4,500-13,000 Btu. stored in the
water vapor are transferred to the glazings as the heat
of vaporization (600 cal/g water) is released. This
evaporative heat transfer increases thermal conduction
to the inner glazing surface bur does not affect the
insulation value of the air space berween the glazings.
As a result, net thermal conduction is increased by
condensation, but only slightly.

Composting and Carbon Dioxide Production
Robert Sardinsky

For many years we have been interested in the
potential benefits of recycling organic wastes through
composting. During the winter of 1977-78, we car-
ried out an experimental composting program inside
the Ark. We hoped to convert organic wastes into a
nutrient-rich, soil-building product and to supply the
Ark with additional heat and with armospheric carbon
dioxide (CO.), by-products of microbial activities.
We were curious about CO: contribution of the com-
post for plant fertilization as well as for supplementary
heat for climate control. This paper describes our com-
posting activities in the Ark and estimates the amounts
of CO: and heat released.

We builta 4’ x 4’ x 4’ New Zealand compost box
with scrap lumber. It had an elevated floor made of
chicken wire to facilitate aeration. There was a
wooden channel on two of the corner posts to allow
the front wall boards to be slid in and out, and provide
easy access for loading and unloading. We placed the
compost box in the far eastern end of the Ark where a
wheelbarrow could be brought in through the adjacent
doors.

Collecting compost ingredients during the winter
was a challenge. We gathered water hyacinths and
azolla (a small aquatic fern) from the Ark’s concrete
fish pond, leaves accumulated over the fall, and the
kitchen wastes. We managed to scavenge produce and
table scraps from nearby markets and restaurants.
With the farm truck we hauled “seaweed” (mostly cel
grass and codium) from local beaches, as well as horse
manure and spoiled hay from neighboring stables.

Between December 20, 1977, and June 3, 1978, we
made four batches of compost. Collecting and unload-
ing materials for one batch took two people from one
to three hours.

All ingredients were ground up with a 7
horsepower shredder which hastened decomposition
by exposing more surface area to bacteria and fungi,

improved aeration and moisture control, and made
handling the compost much easier. Shredding reduced
the volume of plant wastes by 50-75%. The average
batch of compost weighed 1,500 pounds and took two
people about two hours to shred.

We controlled the proportion of various organic
materials in a batch, since each kind contains different
amounts of carbon and nitrogen. An optimal C/N
ratio 1s 30:1. Microorganisms use carbon for energy
and growth, and nitrogen for protein synthesis. The
manure had a C/N ratio of approximately 20-25:1
(with bedding), vegetable trimmings 20-30:1, oak
leaves 40-60:1, and hay 15:1 (from legumes). A mois-
ture level of 45-609, was maintained in each batch.
We wet dry materials with nutrient-rich fish pond
water or manure tea as the piles were built. When the
moisture levels were too high, dry materials like hay
were added to absorb excess moisture. The assembly
time for each batch averaged 30 minutes for two
people.

The piles were kept as acrobicas possible in order to
avoid putrid odors, encourage higher temperatures
and promote rapid decomposition. A batch was turned
every three to four days and the contents replaced in a
different order to ensure that all the compost was
mixed and aerated. We turned the piles on sunny days
only between 10 a.v. and 2 p.at. so that the greenhouse
plants could benefit from the large amounts of CO:
being released at that time. CO: is essential for photo-
synthesis and frequently limits plant growth in green-
houses during sunny periods. T'wo people could turn
the pile in 20-30 minutes. A pungent smell of ammo-
nia was noticeable during several turnings. This was
probably because of a low C/N ratio resultung in the
loss of excess nitrogen as ammonia. At other times, a
woodsy fragrance prevailed.

The ingredients for the four batches are shown in
Table 1. Theavailability of materials determined what
was used. Proportions were calculated to provide an
optimal C/N ratio for the microbes.

TABLE 1 -Compost Materials
Bateh 1
3 parts plant matter (garden and kitchen wastes)
1 part horse manure (259 bedding)
¥ part compost
Batch 2
3 parts plant matter (scaweed, water hyacinths, hay and kitchen
wastes)
1 part horse manure
Batch 3
3 parts plant matter (scaweed, leaves, and kitchen wastes)
1 part manure
Batch +
4 parts leaves (mostly oak)
1 part manure
Y2 part kicchen wastes
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The core temperatures of batches 2 and 4 are shown
in Tables 2 and 3. As the graphs illustrate, the core
temperatures 1n both piles remained at thermophilic
temperatures (above 105°F.) for one to threc weeks
and then descended to ambient levels within one week.
This 1s important as weed seeds and most pathogens
are killed at high temperatures. Measurements raken at
the outer edges of several batches were 2-40°F. lower
than thosc at the core.
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A range of CO: and heat production rates varying
from conservative to most-probable were extrapolated
from several references and from data on pile weight
loss (see Appendix). Calculations indicate that the
compost pile might have generated 1,410-3,650 Bru.
ofheatand 120-315 grams of CO:each hour. Much of
the heat and CO: were probably released when the pile
was turned. About 124 Btu. an hour were consumed
in evaporating water within the pile. The remaining
1,290-3,530 Bru. produced in an hour raised the Ark
temperature by .9-2.5°F. CO: levels in the Ark aver-
aged 85-650 parts per million (ppm) higher with the
compost pile than without, depending on the air
exchange rate in the building. Ambient outdoor CO:
levels average around 300 ppm. Inside concentrations
of CO:tend to drop below those outside when phorto-
synthesis exceeds respiration, and rise above 300 ppm
when respiration exceeds photosynthesis which
occurs mostly during the night.

A rotal of five gallons of gasoline for the truck and
shredder and 15 hours of physical work went into
producing each batch of compost. The fuel had an
approximate energy value of 635,000 Bru. That of the
labor was 31,000 Bru. According to our estimated
rates, 711,000-1,840,000 Bru. and 136-352 pounds
of CO; were produced in addition to one-half ton of
finished compost. This made the composting projecta
net energy producer.

Our composting trials were very encouraging. We
provided a home for millions of microscopic friends in
the compost box and catered to all of their needs. In
exchange, they contributed heat and CO: to the Ark
while rapidly converting organic wastes into a rich,
fertile humus. Tending the microbe community in
each batch of compost was a relatively labor-intensive
process. To reduce labor costs and space requirements
in the future, a large, round, wire mesh covered con-
tainer would be constructed and tested instead of the
compost box. It could be placed on rollers to facilitate
turning, mixing and aeration.

Obrtaining even higher CO: levels and more heat
from composting requires a more sophisticated com-
posting regime. Three or four compost piles could be
established in a time series, allowing for a turning of
one of the piles each day, and a concurrent release of
heat and CO:. Energy requirements for turning the
compost could be reduced by terracing the northern
portions of large greenhouses and letting gravity help
in turning the compost. The piles or windrows could
be built on the top section and subsequently moved
down the terraced slope. An alternative to controlling
CO: and heat release by turning a pile might be the
controlled release of air from enclosed compost piles.
Such bins might require special aeration techniques,
such as internal forced air circulation. Compost sys-
tems for solar greenhouses are conceptually still in
their infancy.

Appendix: Esiimating Heat and Carbon Dioxide
Production From Composting

The amount of heat and CO:2 production during a
compost cycle will vary with materials and environ-
mental conditions. We used two methods to esti-
mate heat and CO2 production rates from a one-ton

batch of compost active over three weeks and then

calculated the effect of these products on the Ark’s
atmosphere.

[. How to Calculate CO2 and Heat Produced by Pile
A. Method I:
1. Measure wet weight (ww) of uncomposted material.

1,290 b ww uncomposted material

2. CO2 production: multiply compost ww (kg) by conserva-
tive estimate of COgz production rate (5 g CO2/kg ww
day).!

(1,290 Ib ww) x (0.454 kg/Ib.) = 586 ww

(586 kg ww) x (5 g CO2/kg ww day) x (001 kg/g)
= 2.93 kg CO2/day
3. Hear production: multiply CO2 produced (g CO2hr) by
heat of reaction (2.9 keal /g CO2).2

(2.93 kg CO2/day) x (1,000 g/kg) x (1724 day ’hr)
=122 g CO2/hr

122 ¢ CO2/hr x 2.9 keal ‘g CO: (heat of reaction)
=354 keal/hr

(354 keal ‘hr) x (3.97 Bru/kcal) = 1,410 Beu ‘hr

: Figures were compiled and synthesized from many sources by Michael Saxton in

1978 in “Production of Carbon Dioxide and Heat in Composting.” These include:

K. Gray, K. Sherman, and A. Biddlestone, “Review of Composting. Part
2: The Practical Process,”. Biochemistry, Oct. 1971, p. 26.

John Jeris and Raymond Regan, “Controlling Environmental Parameters for
Optimum Composting,” Compost Science, Vol 14, No. 1, Jan.~Fcb. 1973, 14,

K. Schulze, “Rate of Oxygen Consumption and Respiratory Quotients During
the Aerobic Decomposition of a Synthetic Garbage,” Compost Science, August
1960, pp. 38-40.

K Schulze, “Continuous Thermophilic Composting.” A pplied Microbiology, 10
(1962), 115-16.

D. Suler and M. Finstein, “Effect of Temperature, Acration, and Moisture
on CO2 Formation in Bench-Scale, Continuously Thermophilic Composting
of Solid Waste,” A pplied and Environmental Microbiology, 33, No. 2 (February
1977), 348.

John Wiley, “Studies of High-Rate Composting of Garbage and Refuse,”
Proc. 10th Industrial Waste Conf., Purdue University, 1955, p. 311

Wiley, “Progress Report on High-Rate Composting Studies,” Proc. 11th
Industrial Waste Conf., Purdue University, 1956, p. 339.

Wiley, “Progress VU Proc 12th Industrial Waste Conf., Purdue Uni-
versity, 1957, pp. 600-601.

2 Saxton, Ibid.
Gray, Sherman, and Biddlestone, op. cit., p.28.
Wiley, Proc. 12th Industrial Waste Conf., op. cit., p.600.
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B. Method 2:

1. Measure dry weight (dw) loss of organic material over
compost cycle.

(643 Ib dw before composting) — (451 Ibdw after com-
posting) = 192 1b dw loss

2. Carbon loss: multiply dw lost (usually 309,—509%) by .5 to
determine carbon loss.

(192 1b) x (.5 fractional carbon loss)
=96 Ib carbon lost over 21 days

3. CO2 production: since the molecular weight (mw) of
COz2 is ++ and the molecular weight of C 1s 12, muluply
C weight by +4/12 to obtain CO2 weight.
(44/12) x (96 Ib. carbon loss) =352 Ib. COz lost over
21 days
(352 1b CO2) x (454 kg/lb) x (1/21 days) = (1,000 g/kg)
x (1/24 days/hr) =317 ¢ CO2/hr
4. Heart production: multiply COz2 produced (g CO2/hr) by
the heat of reaction (2.9 kcal/g CO2).

(317 g CO2) x (2.9 kcal/g CO2) x (3.97 Bru/kcal)
~ 3,650 Btu/hr

1. How to Calculate Effects of Added Heat and CO20n
Building’s Atmosphere
A. Heat: find out how much energy went to evaporate
water from compost pile.
1. Measure water loss from pile.
[(ww before) — (dw before)] — [(ww afrer) — (dw after)]
[(1,290 Ib ww) — (643 1b dw)]—[(1,040 Ib ww) — (+51 Ib dw)]
=358 Ib H20) lost
(581b H20) x (454 kg/Ib) x (1,000g/kg) = 26,300g HzO lost

2. To compute heat required for water evaporation, multiply
water lost (total grams) by .6 kcal/g (heat of vaporization)
and convert to Bru.

(26,300 g H20 lost) x (.6 keal/g) x (3.97 Btu/kcal)
= 62,600 Bru transferred to water vapor

3. Compute average rate of evaporative heat loss over the
duration of the compost cycle. (Major portions of evap-
oration and heat transfer occur during rurning.) Divide total
Btu (21 days) for evaporation by composting period (hours).

62,600 Bru 21 days
504 hrs (21 days)

124 Bru lost per hour (average)
in vaporization of water

1,410 Bru/hr — 124 Btu/hr

= 1,290 Bru/hr (Method # 1)
Net Beu produced/hr = or

3,650 Bru/hr — 124 Bru/hr

= 3,530 Btu/hr (Method # 2)

B. Heat: calculate effect of added Brtu in building.

heat loss per hour
indoor-outdoor

temperature differential

1. Find G factor of building (

‘This accounts for heat loss through the ground, walls, ceiling,
glazings and air exchange. Methods for doing this are
available in many energy conservation and architectural

handbooks.
G factor of Ark is roughly 1,400 Bru/hr®F

2. Divide net Btu produced each hour (not including Bru/hr
diverted to water vaporization) by the G factor (Btu/hr °F).
The quotient tells the approximate average temperature in-
crease due to the effect of the compost “furnace.”” This
estimate does not include additional heat released upon con-
densation of vapor from compost.

Method 1: Method 2:
1,290 Bru/hr _ o 3,530 Bru/hr =2.5%
1,400 Bru/hr 1,400 Bru/hr

The air temperature in the Ark will be raised .9-2.5°F by

the compost pile.

C. COs production: calculate effect of added COz0n

greenhouse atmospheric concentration.

1. Mecasure volume of building.
Ark volume =~ 17,600 f®
2. Multiply volume by air exchange rate to find the dilution of
COz2 by infiltrating air.
Low estimate:
(17,600 ft3/air exchange) x (.5 air exchange/hr)
= 8,800 fc3/hr
High estimate:
(17,600 fc3/air exchange) x (1.5 air exchange /hr)
= 26,400 fc®/hr
3. Divide weight per hour of COz2 production (grams) by its
molecular weight of 44 (i.c., the weight of 6 x 102 CO2
molecules) to get moles per hour. Then multiply by 22.4
liters ‘mole to get liters per hour. Convert to cubic feet
(ft®) per hour.
CO2 Production Estimate from Method 1:

(122 ¢ CO2'hr) + (44 g'mole) = 2.77 moles per hour
(2.77 moles/hour) x (22.4 liters/mole) = 62.1 liters/hr
(62.1 liters‘hour) x (L0333 fe3/liter) = 2.2 fc%/hr

CO2 Production Estimate from Method 2:

(317 ¢ CO2/hr) + (44 g CO2/mole) = 7.20 moles per hour
(7.20 moles/hr) x (22.4 liters/mole) = 161 liters/hr
(161 liters/hr) x (0353 fe/liter) = 5.7 fc*/hr
+. Divide the f3/hr found in step 3 by dilution rate found in step 2

to get the volume concentration of COa.
CO2 Production Estimate from Method 1:
(2.2 f3'hr) = (8,800 fr3/hr lower air exchange estimate)
=.00025
= 250 parts per million (ppm)
(2.2 £ hr) = (26,400 3 hr higher air exchange estimate)
=.0000833
=83 ppm

CO2 Production Estimate from Method 2:

(3.7 fe3 hr)l + 8,800 fe3 hr lower air exchange estimate)
=.000648
= 648 pm

(5.7 f hr) = (26,400 fc3/hr higher air exchange estimate)
=.000216

=216 ppm

The CO2 concentration in the Ark will be raised 83—648 ppm
above existing levels by the compost pile. This compares with a
normal atmospheric concentration of approximately 300 ppm
CO2. Commercial greenhouse growers routinely enrich their
greenhouse armospheres with COz, raising levels up to 1,000-
1,500 ppm. This has been shown to accelerate crop maturity and
increase crop yields.
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It 1s very difficult to measure heat, CO: and water
production from decomposing organic materials. The
actual conditions found in most compost piles can be
very different from those experienced in laboratory
experiments where very small qualtities or organic
materials are observed under controlled conditions.
The two methods outlined for estimating heat and
CO: production rates provide “ball park” figures.
Method 2 will give more accurate estimations than
method 1 because it is based on the actual carbon loss
of the pile whereas method 1 uses a conservative Co>
production rate based on laboratory trials. The proce-
dures described can also be used to estimate the size
compost pile or number of piles needed to contribute a
desired quantity of heatand CO:fora greenhouse. For
example, the heat and CO: produced from the Ark
compost pile would have a very significant effect on
the atmosphere in a smaller bioshelter. To further raise
the temperature and CO: levels in the Ark would
require a series of equally sized compost piles or sev-
eral larger ones. If three or four piles were constructed,
each could be started at different times. This would
allow one pile to be turned each day at which time
large amounts of heat and CO: are released.

We are indebted to Michael Saxton of the Univer-
sity of Connecticut for his help compiling extensive
references for this research. I would also like to thank
Joe Seal for his assistance in calculating the estimations.

Winter Light Reflectors
Robert Sardinsky

In the Ark, microclimates are created by the stra-
tegic placement of reflective and absorptive surfaces

PART 5—AGRICULTURE IN THE ARK

Soil Building
Kathi Ryan

The Ark is built on a sandy field. Organic matter
was added to the existing dirt floor immediately after
the completion of the structure. Truckloads of sea-
weed, leaves and manure, all of which are available
locally, were dug into the growing beds. We “‘seeded”
the above mixture with samples of soil from an oak/
beech forest floor, from a meadow in an alluvial
outwash in southern New England, and with “muck”
from an old Cape Cod kettle hole that is now filling
with a rich mixture of organic matter.

The rationale behind the seeding experiment was as

and materials. In mid-November of 1977, we started
experimenting with foil reflectors to observe their
effect on plant growth. We planted two wooden boxes
(2" x 2" x 2"y with Dwarf Siberian kale, Swiss chard,
Ruby chard and three varieties of lettuce. All the plants
were similar in size and leaf number. On a 2-foot-
wide, 2%-foot-high plywood board nailed to the
north side of one box we stapled aluminum foil to
make a reflector. It increased plant growth dramati-
cally. In two to four weeks, the plants in the reflector
box were twice the size of those in the control box. At
the end of December, we started picking the mature,
outer leaves from all the plants. The pruned plants in
the reflector box consistantly grew back faster than
those in the control box. We harvested and weighed all
the plants on March 10, 1978. In the reflector box a
total of 5,775 grams of salad greens was produced.
The control box gave us 4,900 grams. The trial dem-
onstrated accelerated plant growth with a reflector.

In February we compared light reflected from the
north wall and ceiling with the light reflected off the
foil fixed behind the experimental box. Depending on
the time of day, total light intensities proved 24-429,
greater with the reflector.

In the Ark the lowest light levels measured were
along the upper northern beds of the deep middle
section. We have tried several ways of increasing light
levels in this area including coating the concrete walls
with white paint.!

1 Sevenal studies show the diffuse light reflected by white-painted surfaces enhances
vegetable production more than specular reflectors, such as aluminum foil. Conrad
Heeschen, 1978, The Greenhouse as a Solar Collector,” The Solar Greenhouse Book,
ed. James C. McCullah, (Emmans, Pa.. Rodale Press).

follows: The bioshelter represents a totally new envi-
ronment. Ecological agriculture is possible only if a
dynamic ecosystem capable of dealing with pests and
animals 1s established and allowed to mature over time.
Within diverse soil associations there may exist the
bacterial, viral, fungal, protozoan and invertebrate
animal associations which together could create the
basis of an ecasystem unique to bioshelters. Seeding in
this context is supplying the genetic basis for the
development of new ecosystems for growing food.
Every year, at the time of the fall transition, approxi-
mately a ton of compost 1s added and dug in. Top
applications of compostare applied as nceded through-
out the year. Organic matter necessary for the struc-
ture of the soil as well as for fertility, is broken down
rapidly under conditions of high heat and humidity.
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Soil Chemistry and Structure
Colleen Armstrong

Bedding Soil. All three levels of agricultural plots
have similar soil structure. For three consecutive fall
seasons compost has been worked into the top foot (12
in.) of each plot. The texture is a blend of loam and
sand. Compared to the surrounding local soils, the
Ark’s soil is high in humus content, 79,. The combina-
tion of leaf mold, compost and sandy substrate offers
very good percolation when watering. Through the
U. of Mass. Extension Service, Waltham Experimental
Station and Woods End Laboratory in Maine, several
soil samples have been examined since 1977. Over the
two years, the pH has fluctuated between 6.5 and 7.2.
For most vegetable production, these readings are
ideal; a neutral soil has a pH of 7.0. Most vegetables
prefer the slightest acidic soil in the range of 6.5-7.0.
Looking at the macro-nutrients required for good
growth, the Ark again is rich with these elements.

Soil Report, Woods Fnd Laboratory

November 1977 November 1978

Nitrogen Annual Release M M
Phosphorus MH MH
Potassium M MH
Magnesium M H
Calcrum MH M

(M) Medium  (MH) Medium-High  (H) High

Both Nitrogen and Phosphorus are analyzed as nutrient anions.

Potassium, Magnesium and Calcium are analyzed as ex-
changeable cations.

With each soil report from the Woods End Labora-
tory, we receive a colorful humus chromatograph, a
visual representation of the composition of the organic
matter. Along with it 1s a graph indicating how well
the soil is providing the necessary nutrients. Many
factors are considered: quantity and diversity of the
organic matter, diversity of soil organisms, mineral
content, moisture and temperature. The Ark’s soil is
described as a “Mull Humus” with rapid mineraliza-
tion, a moderate amount of carbonates, which affects
the determination of cation exchange capacity; micro-
flora present; organic and clay constituents, all pro-
ducing a good soil structure with an adequate reserve
of carbonaccous material.

There has been concern for a high concentration of
the rotal soluble salts in the soil in the Ark since natural
phenomena like rainfall do not occur to leach the soil
thoroughly. When interpreting the data received from
the laboratory, a total soluble salt index above 100 1s
dangerous for crop productivity. We have found that
compost can be well above this index and when soil
reports indicate a high soluble salt content in the soil
with fresh compost we leach the soil. Sporadic leach
was necessary during the fall-1978 and winter-1979
seasons.

Seed Germination. Although this 1s a secret recipe, it
has proven very successful for seed germination. No
matter what quantity of soil you desire, mix together
one part sifted peat/one part sifted compost!/one part
sand, perlite or vermiculite. The vermiculite will
absorb water (sand and perlite do not) hence the soil
medium will be heavier. Add water when ready to
seed. If  am seeding very tiny, minuscule seeds, which
need a light medium to send roots and root hairs
through, I may use one-hundred percent vermiculite.
It has worked well with celery, parsley, allysum and
other smallish seeds.

After the seeds have germinated, it is often necessary
to transplant them into a second medium before their
final destiny into the bedding soil. This soil is usually
many combinations. The best has proven to bea blend
of one part old seeding soil mix to one part sifted
compost. At this time in the seedling’s life, the young
plant is able to utilize the nutrients in the composted
soil.

Varietal Testing of Domestic and Dutch Lettuce Varieties
Kathi Ryan

Over the past three winters, we have tested many
different varieties of vegerables, seeking those that are
highly adapted to the environment created by solar
greenhouses. We have found that vegetable varieties
bred especially for greenhouse production are better
adapted to the lower and higher humidity presentin a
greenhouse during the winter months. Consequently
we have had less fungus and mold problems, and the
plants have been sturdy and healthy. In comparing
greenhouse varieties of lettuce from Holland with
domestic varieties last winter (1977/78), we found
that the Dutch varieties out-yielded most of the others
and that the heads were of exquisite commercial

quality. (See Table 1.)

We have just begun to work with Dutch varieties of
tomatoes with the same positive observations. This
spring we will be growing two types as part of an
economic study.

During the late part of November, through Decem-
ber and into January, the light levels in the greenhouse
are low and growth slows to a minimum. We have
found several crops that continue to grow well and to
produce food during this time, despite these condi-
tions. Endive and New Zealand spinach, both of higher
nutritional quality than lettuce, do well at this time.

Other crops that grow successfully during the win-
ter months are parsley, kale, chard, celery, chinese
cabbage, dill, cole crops and of course, lettuce.

£ If good foresight is used, the compost material should be leached, limed and aged

before use.
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TABLE 1— Varietal Testing 1977 & 1978
Seeded 9/5
Transplanted 10/3
Harvested 11/21
Number of Plants 10

Total Total
Weight Dutch Varieties Weight
Bibb 1043 ¢ Deci-Miner 973

Domestic Varieties

iis}

Grand Rapids 1106 g Decisco 1035 ¢
Great Lakes 816 ¢ Rossint 2396 ¢
Salad Bowl 1308 ¢ Ravel 2088 ¢

Farly Prizehead 1217 ¢ Mistra 1730 ¢
Seeded 11/3
Transplanted 12711
Harvested 3/8
Number of Plants §
Total Total
Dutch Varieties Weight Dutch Varieties  Weight
Bibb 470 ¢ Mistra 197 ¢

Grand Rapids 203 ¢ Ravel 078 ¢

Salad Bowl 210 g Rossini 520 ¢
Farly Prizehead 471 ¢ Decisco 1499 ¢

i

‘I'he Dutch varieties can be obrained from: Kisk Zwaan, Zaadhellt en Zaadhendel,
Delier, Holland.

T omatoes

Kathi Ryan

Twenty-four plants, twelve of each variety, were
planted at an mnterspace of 18”. The plot had a toral
growing area of 55 sq. ft. The varieties chosen, Tropic
or regular size and Small Fry, a cherry variety, were
seeds we had on hand and were not chosen for any
particular quality. They both turned out to bear tasty
fruit.

Seeds were started in the basement of the farmhouse
(1-30-78) where the temperature is warm and stable.
They were later transplanted to individual milk car-
tons and left in the basement under grow lamps. Three
weeks later (3-20-78) they were transplanted into the
ground 1n Ark. Each plant was givena foliar feeding of
seaweed extract at the time of transplantand every two
weeks thereafter.

Once the soil warmed to desirable temperatures the
plot was mulched with seaweed. Periodically, as plants
began to bear fruit, applications of manure or comfrey
tea were given. | he whitefly population that invaded
the tomato plot was controlled by the parasitic wasp,
Encarsia formosa. The experiment was terminated when
tomatoes from our outdoor gardens began to compete
with those from the Ark.

Swmall Fry Tropic
Sceded: 1-30-78 1-30-78
Transplanted: 3-20-78 3-20-78
First Flowers: 4-10-78 +-28-78
First Ripe Fruit: 5-28-78 6-19-78
Peak Production: 7-19-78 8- 8-78
Total Weights: 34 Ibs. 98 Ibs.

This represents yields of up to four pounds per
square foot for the Tropic variety in the less than two-
month experimental cropping period. This is com-
parable to commercial greenhouse production.

Present Work and Future Plans
Kathi Ryan

We will be testing two varieties of greenhouse-bred
tomatoes 1n production trials. One of these varieties,
Lito, was grown 1n the fall of 1978, producing fruit
until late November and ripening continually into
January. These plants are better adapted than those we
grew previously to greenhouse conditions and are
fairly disease-resistant.

Onto the established Lito rootstock presently inthe
greenhouse, we will graft plants seeded for spring
production and compare yields with those plants that
are not grafred but instead set directly in the ground.

An experiment carried out at the Ark on Prince
Edward Island compared double-pruning tomaroes
with those grown on a single stem. To double-prune a
tomato, the third sucker is allowed to grow and be-
come its own stem, thereby creating two main stems
instead of the conventional one. On P.E.1. they found
the yields from this method of pruning to be more than
double. We will be using this method for Lito and
Type 127, both from Rijk Zwaan Co. in Holland.
Those varieries used successfully on P.E.I. were
Vendor and Tuck Queen from Stokes Seed Co.

Another crop of economic value is the cucumber.
Our past experience (summer of 1977) with
cucumbers 1n the Ark was discouraging due to their
susceptibility to whitefly. Since then, we have brought
the whiteflies under control with the wasp Encarsia
formosa and several other control agents.

This year the Ark will be producing vegetable,
flower and herb seedlings for the entire garden and
surrounding landscape. Between March and mid-May
seedlings of tomatoes, eggplants and peppers will be
grown 1n the structure for subsequent outdoor plant-
ing. A mist propagation system will be installed for
fruit and nut tree seedling production.

Insects in the Ark

Colleen Armstrong

Insects play an important role in the ecosystem of
the Ark. The semitropical climate of the building
encourages prolific populations of common green-
house pests. But this also makes possible the establish-
ment of native and exotic predators and parasites to
regulate pest populations. Inside the Ark, temperature,
relative humidity, light intensity, photoperiod, the
vigor of the seasonal vegetation and other factors as
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well, all affect the rate of development of individual
insect populations. And to the chagrin of my pesty
friends, we too are a part of the Ark community and
our role as pest managers must be as dynamic as thatof
the ecosystem of the Ark. Our intrusions on their
development are both physical and biological. We are
engaged in the process of information gathering, mon-
itoring numbers of insect pests, evaluating the agricul-
tural environment, and finally, deciding what actions
to take. In this section I will focus on the important
biological controls in our semi-closed ecosystem, nat-
ural and introduced.

In the spring of 1977, Trialeurodes vaporariorum, a
greenhouse whitefly infested young tomato plants
inside the Ark. Whiteflies feed on a variety of plants,
vegetable and ornamental. In greenhouses they favor
tomatoes, cucurbits, lantanas and fuschias. The life-
span of an adult whitefly is 30-40 days, during which
time a female insect may lay as many as 500 eggs.
There are six stages in the life cycle that inciude the
egg, three larval stages (often called mnstars), pupaeand
adult. The larvaelock like scales; oval, translucent, flat
discs. Their rate of development is a function of tem-
perature. At 15°C. (59°F.), maturation from egg to
adult takes four weeks; at 21°C. (70°F.) complete
development takes three weeks.

Whiteflies are well known for the damage they cause
to food and ornamental crops. Both adult and larva
suck essential plant juices and excrete a stucky “honey-
dew” that coats leaf surfaces. You can imagine how
discouraging it is to have a three-month jump on nor-
mal tomato production and then to lose your crop to a
dainty white winged creature 1.5 mm. long!

A Canadian biologist, Dr. R. J. McClanahan 1s one
of several entomologists who have been investugating
the parasitism of the whitefly by a minute wasp, Encar-
sia formosa. The female wasp oviposits one egg in a
whitefly scale, usually during the second or third lar-
val stage. Within a few days, the egg gives rise to its
own larva, which consumes the whitefly scale from
within, turning the hard outer coat black. When devel-

opment is complete, an adult wasp emerges from the
parasitized scale. Like that of its host, Encarsia formo-
sa’s rate of development varies with temperature. At
18°C. (65°F.), both host and parasite mature fromegg
to adult in 31 days. The Encarsia’s life cycle is shortest
and its oviposition rate is highest between 24°-27°C.
(75°=81°F.). The whitefly is not as fecund at 24°C.
(75°F.) however as it is at a lower temperature. At
warm temperatures (24°C. and above), the oviposi-
tion rate begins to decrease.

Table 2 shows its development from egg to adult of
whitefly and E. formosa.

In June 1977, Dr. McClanahan sent us 2,000 para-
sitized whitefly scales to be dispersed among the in-
fected crops. The parasitized scales came on tobacco
leaves and were pinned to the underside of tomatoes’
lower foliage. Within two weeks, we found parasit-
ized, blackened scales on our own plants, although
actually reducing the numbers of whiteflies took time.
In late July, Dr. McClanahan sent an additional 5,000
parasitized scales to raise our proportion of Encarsia to
that of the abundant whiteflies. The suggested effec-
tive proportion is one parasite to thirty whiteflies.
The second introduction provided enough parasites to
check the population of pests. Daily temperatures
inside the Ark at this time averaged between 25°-
29°C. (77°-84°F.) which allowed the parasite to
multiply quickly. By August, the host population had
been drastically reduced and was no longer a threat to
tomato production.

For our first attempt at introducing a specific and
exotic insect into the bioshelter, the Encarsia was most
effective as a biological agent. Being a tropical species,
we expected to lose our wasp friends in the cool winter
months. An unanticipated surprise came in March,
1978, when the familiar black, parasitized scales were
discovered on an unruly tomato plant above the rock
storage area. Indeed, the Encarsia had prevailed through
the winter and found a home in the Ark. Throughout
the spring months, we tallied the number of whitefly
scales and redistributed parasitized scales on the 1978

TABLE 2—Autecology of Trialeurodes and Encarsia with respect to temperature

LER G
Tria. Lncarsia -

Longevity (days) 42.5 27.0
Fecundity (cggs Q) 3196 28.2
Rate of Oviposition

(cggs @ day) 8.2 1.7
Sterility (per cent) 3. 5.7
[.ength of development

(davs) 31.5 3101
Host Susceptible to Para-

sitization (days) 16
Mortality (per cent) 6.6
Thomas Burnetr, “T'he Effects of Temperature on an Insect Host

240(. 27°C.
Tria. Encarsia Tria. Encarsia
17.2 15.7 8.3 8.2
123.9 327 29.5 30.5
75 2.7 5.1 5.3
8.6 2.9 18.2
247 15.1 22.8 11.9
13 11
16.6 324 -

Parasite Population,” Ecology, 30, No. 2 (April 30): 113-33.
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tomato crop. In the spring and summer, the whitefly
population never reached levels that would create eco-
nomic losses. I must add that the Encarsia operation
was successful with a minimum of assistance. We sug-
gest that the home-greenhouse gardener could use
Encarsia formosa as an effective means of control over
greenhouse whitefly, provided a high enough temper-
ature is maintained.

Most likely, aphids are the bane of any grower’s
existence. Countless numbers of species suck on
leaves, petioles, stems, buds and flowers. Many are not
plant specific for their food; they do prefer succulent,
tender, young plant tissue. Aphids reproduce at a
phenomenal rate; some generations have both winged
and unwinged forms. They are most prolific in the
springtime when sexually produced eggs hatch and
new aphids begin to bear their young alive. In our
gardens or even in larger agricultural areas, natural
predators and parasites contribute to aphid control.
The Ark, being a semi-closed ecosystem, may limit
the number of natural, beneficial insects entering the
building. However, over the past two years, we have
noticed insect activities that have repressed aphid pop-
ulations. Individually, they did not demonstrate a sig-
nificant amount of control, although their combined
efforts exhibited potential for integrated control. In
this case we use integrated in the sense of blending
physical, mechanical and biological agents in an effort
to subdue this greenhouse pest.

Myzus persicae, the green peach aphid is the predom-
inant aphid species residing in the Ark. Unfortunately,
they select their food from a wide range of vegetables
(brassicas, lettuce, celery, carrots, and beets) along
with annual and perennial flowering plants. Usually,
they have a light green body approximately 2 mm.
long. The female may reproduce asexually and her
nymphs may either develop wings or remain wingless.
In the spring, at temperatures between 15°-20°C.
(59°-68°F.), each generation could possibly increase
by seventyfold. A tough act to beat!

In the beginning of 1978, green peach aphids were
discovered on vegetable stems and foilage on all levels
in the Ark. The degree of infestation varied from plant
to plant. Considering the presence of this pest, vegeta-
ble productivity continued to be remarkably high.
Once a week, particular plants (Chinese cabbage, let-
tuce, kale, beets, chard and celery) were checked for
the numbers of aphids ona 50 cm? surface. They were
described as winged or unwinged, nymph oradult. On
susceptible plants, we observed a rise in their birth rate
and tervened when the aphid population became
intolerably high. We washed the plants with waterand
occasionally a biodegradable soap.

Observing the aphids revealed several fascinating
natural controls. A fungus, Entomophthora that thrives
n a cool, humid environment and feeds on the green
peach aphid was discovered to be a controlagent. The

fungus grows within the aphid’s body and transforms
its host’s gelatinous tissues into a mass of short fibers
called hyphae. After the fungi break down the cellular
structures, the insect dies and the reproductive hyphae
push out through the shell of the aphid’s remains,
transforming it into a fuzzy, cream-colored dot. The
reproductive hyphae, called conidia release spores to
be carried off by the wind or water. In the cool winter
months, the parasitic fungus can be seen throughout
the Ark, localized in the dampest areas. During Janu-
ary and February, as the aphid birth rate begins to
accelerate, the Entomophthorous fungi infect clusters of
aphids, resulting in mortality to both nymphs and
adults. However, as the year progresses, the bioshelter
acquires enough heat to retard the fungi’s growth.

On the other hand, longer days and warmer temper-
atures encouraged the aphids to bear more young. As
the pest population multiplied, an insect parasite of the
green peach aphid was identified inside the bioshelter.
In February, a mummified aphid shell was discovered
attached to a nasturtium leaf. A few days later, a tiny
wasp emerged and began to sting nearby aphids. The
aphid parasite was identified as A phidius matricariae.
Research in Europe and California has shown A.
matricariae to be an effective biological agent for con-
trol of aphids, especially green peach aphids. The para-
sitic insect lays its eggs inside her host. The egg
hatches and the subsequent larva feeds of the aphid’s
fat tissues. After several larval molts, the pupae rests
inside the shell of the aphid, which has been trans-
formed into a hard copper-brown case. About two
weeks later, it finally emerges as an adult wasp, close to
2 mm. in length. A female wasp is capable of laying
more than one hundred eggs. In the Ark, parasitism
rate was low, with 59, of the aphid population parasi-
tized by A. matricarige.

Both the Endomophthora fungus and A phidius wasp
are good illustrations of natural enemies of M. persicae.
Even though the numbers of parasites were insuffi-
cient to totally check the explosive population of
aphids, their presence contributed to the pest’s mortal-
ity rate. In the future, additional parasites such as 4.
matricariae will be released to obtain a higher percen-
tage of parasitism.

Now, what about aphid predators? Couldn’t they
be at least as efficient as parasites? Theladybird beetle,
Hippodamia convergens is a fine example of a common
aphid predator. The colorful larva has a voracious
appetite, and is capable of consuming as many as forty
aphids in one hour. Adultladybird beetles may live for
an entire year and travel many miles. In addition to the
ladybird beetle, syrphid fly larva, many spiders and
damsel flies are predators of aphids and all reside in the
Ark. The most frequently seen is the yellow syrphid fly
larvae; however, when compared to the number of
aphids, their presence is occasional and their popula-
tions are small. It would be to our advantage to further
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establish a diverse community of beneficial insects.
Biological control of pests, i.e. M. persicae, could
be spread among different insect parasites and preda-
tors. Fewer mechanical methods would be necessary
and the control itself would be more effective.

Not unlike other greenhouses, the Ark hasa variety
of pests that are associated with certain seasons of the
vear. Red spider mite, Tetranychusurticae, arrives with
the summer months. To date, their damage has been
small and restricted to ornamental crops. As insurance
against red spider mites reaching destructve levels, we
have released a predatory mute, Phytosielus persimilis
that has shown effective control over this pest in Cana-
dian research. Yet another nuisance are thrips, mainly
Thrips tabaci. This soft-bodied pest feeds on leaf tissue,
sucking out cell contents. Their damage can be recog-
nized by 2 silver sheen on the leaf surface. Actually,
the appearance of sheen 1s given by air occupying the
empty space of the cell structure. Thrips prefer a warm
climate. Avoiding susceptible plants such as nastur-
tiums will aid in their control. Another method to dis-
courage thrip propagation can be eliminating annual
crops when they have reached maturity cutting short
the thrip life cycle.

Overall, taken as an environment, nothing can com-
pare to the Ark. Its nature 1s unique. In theory, people
created i, but as an entity, it evolves beyond our
expectations. After reviewing important insect activ-
ity, advantageous or otherwise, l anticipatea relatively
stable domain. With each season, population swings
and outbreaks decrease in intensity and frequency.
The increasing stability over ume suggests that an
ecological succession of sorts 1s taking place. How

PART 6—A REVIEW OF
AQUACULTURE IN THE ARK

Ron Zweig

The initial idea and practice of raising fish in solar-
algac ponds has revealed more about aquaculture than
we expected. The 630 gallon highly translucent fiber-
glass cylinders five feet in diameter and in height have
increased our understanding of the nature of aquatic
ecosystems. At first the idea was to maximize the
amount of solar energy entering a body of water. This
increased the primary productivity in the water
column. The dense algal blooms (greater than 10 cells
per ml.) provided an efficient substrate for the absorp-
tion of sunlight by acting as passive solar collectors.
The phytoplankton was also a rich source of food fora
phytophagous fish, tilapia, whose filter feeding behav-
ior will also prevent algal senescence.

In the first summer trial in 1975, a pond was set up
outdoors in the open. We followed a semi-conven-
tional approach to closed-system aquaculture and in-

long it will take to reach a steady state and how often
we must interfere remains an unknown. Total biologi-
cal control of insect pests may never happen. Too
many abiotic factors shift the scales; especially in the
Ark’s ecosystem, nature itself 1s the strongest regula-
tor of population dynamics.

Nevertheless, the Ark holds vast potential for prac-
tice in methods of biological control. Practically
speaking, it must insure its reliability as an economic
enterprise. We have seen natural phenomena such as
the Endomophthora fungt and A. martricariae contribute
to aphid mortahity. Encarsia formosa has been a success-
ful biological agent specifically introduced for the con-
trol of greenhouse whitefly. The following strategies
could optimize the biological control of insect pests in
an integrated management system. First, begin a pro-
gram to collect native beneficial insects. Green and
brown lacewings, ladybird beetles, various ground
beetles, syrphid flies, spiders and various parasitic
wasps would be excellent candidates. Second, select
the most successful predators and parasites to breed in
a small insectary for the New Alchemy bioshelters and
farm. These insects could be released when their con-
trol was needed. Third, use vegetable varieties thatare
resistant to mnsects by their appearance or physical
conditions. In this vein, continue to develop cultural
techniques for vegetable production that can be inte-
grated with biological methods for the control of
insect pests. Finally, experiment and create an insect
ecology that provides the habitat for the Ark’s benefi-
cial msect community. Practical pest management
takes a lot of effort, but in the long run, we will
continue to reap the benefits.

stalled an oyster shell bacterial filter. The hope was to
oxidize the toxic ammonia secreted by the fish, to keep
it within a safe range for the fish and to prevent the pH
of the water from becoming acidic. The ponds were
inoculated with samples of algae collected from a
number of ponds on Cape Cod. One hundred tilapia,
Sarotherodon aureus, fingerlings were added to the
pond. A dense algal bloom followed. The colorless
pond became a brilliant green. The temperature in the
pond rose to nearly 30°C. and remained close to this
through July, August, and the first half of September.
The most remarkable aspect of this was that these
temperatures are believed optimal for tilapia growth.
The pH also remained basic until early October, when
on a rainy, dark day the pond became unstable and the
phytoplankton population collapsed. The pond changed
from rich green color to brown, but the entire fish
population survived attesting to the hardiness of the
tilapia. This near disaster pointed out that more
ecologically complete solar aquaculture systems were
needed.
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Consequently, we removed the oxygen-draining
shell filters and exchanged half the water in the ponds.
Since the pH of the water was higher than the natural
equilibrium pH of the shells we began to suspect they
were unnecessary. 1 he bacteria on the shells were
creating an intensive oxygen drain on the pond. With-
in a week a new algal population became established,
and the pond returned to its former brilliant green
color.

After exploring the literature, we learned that sev-
eral species of green algae are capable of metabolizing
ammonia directly from the pond water. This led us to
believe that a phytoplankton-based aquatic ecosystem
could be designed using only the contained productive
organisms to control both physical and chemical prob-
lems. The algae alone proved useful as (1) a feed for
phytophagous food organisms, (2) oxygenators of the
water through photosynthesis, (3) purifiers of the
water through directly metabolizing toxic fish wastes,
and (4) micro-heat exchangers through absorbing
solar energy.

With the coming of winter, we decided to test a
pond outdoors replacing the tilapia with a population
of temperate fish species—the mirror carp and the
Chinese silver and big head carps. An additional layer
of fiberglass was added to the pond wall. A 1 cm. air
space separated the mner and outer layers so it func-
tioned as a thermal weather pane. Also, the pond was
covered with a double-paned geodesic lid. Later a
parabolic reflector was built to the north of the pond to
increase the amount of light entering it and to protect it
from the frigid north winds. With these additions, we
crossed our fingers and hoped we wouldn’t have to
terminate the experiment by breaking through a
column of ice to retrieve the fish.

To our amazement the water temperature never
dropped below 4°C. even with the outside air tem-
peratures dropping to —21°C. The average temper-
atures achieved in this solar-algae pond where well
above those in the subsurface ponds within the Six-
Pack and Dome structures. Besides the important
results 1n regard to thermal energetics, the fish in the
pond not only survived but also increased in weight.

At the time of the winter solar pond trial, the design-
ing of the Cape Cod Ark was in progress. The signifi-
cance of the solar energy absorption characteristics of
the outdoor solar pond won them a position in the
architecture of the building. They were incorporated
as passive solar collectors and fish production units
within the structure. An exterior reflective courtyard
was designed for the building. The full potential of the
ponds both for fish productivity and as solar collectors
had yet to be evaluated. The next summer’s experi-
ments were designed with this in mind.

The first production trial for the summer of 1976
used the pond with the reflector that we had built the
winter before. The Ark was still under construction.

In this experiment, tilapia, mirror carp, and the Chi-
nese silver and big head carps were raised rogether.
The net productivity was 6.98 kg. during the 98-day
trial. This figure was nearly ten times greater per unit
surface area or volume than ever reported for a stand-
ing body of water. The conversion ratio was 1.0,
meaning that one pound dry weight of feed produced
one pound of fish. Subsequent single species or mono-
culture experiments have not yielded as high a com-
bination of growth and conversion rates, although
they are relatively close. Through improved manage-
ment and species selection the true potential 1s still to
be realized.

We began an intensive evaluation with the 23 ponds
available to us within the Ark complex. These experi-
ments were to include the linking of ponds ina “solar
river’ designand the testing of different fish species and
densities. We embarked on this systematically with a
series of controlled experiments. We chose to work to-
ward the development of an ecological model of the
ponds that would be used as a tool to assist in maximiz-
ing productivity. For this, we realized we'd need a
means to monitor the ponds and to analyze the data.

Toward the end of the summer of 1976, a prelimi-
nary analysis of the Dome aquaculture pool was
undertaken. This led us to conclude that the develop-
ment of our aquaculture would require the assistance
of a computer-based data acquisition system. The proj-
ect we devised would not only supply us with a2 means
of increased food productivity but also put our work
in the realm of basic ecological research. The proposal
was submitted to the National Science Foundation.
The grant was approved.

The impact of this funding was three-fold. First it
offered us the potential of three years’ support. This
allowed for the design of a series of systematic experi-
ments. Secondly, we were able to bring in a water
chemist and systems analyst who would be helpful
with all the Institute’s research. Third, and perhaps
most important, was the creation of a forum composed
of a coordinated research team enabling us to focus on
the aquatic systems at several levels. We chose two
parallel courses of investigation. One was to evaluate
the solar-algae ponds with sophisticated monitoring
instruments, and the second to compare these results
with information gained from human observation,
e.g., color, smell, fish behavior, etc. The results from
this will be used to develop a simple guide to fish
culture which will employ the use of instruments no
more complex than a Secchi disc, a feeding routine for
differing culture designs, and a management procedure
to anticipate and alleviate problems that may evolve.
We also hope to gain a deeper understanding of natural
ecosystems from this work. To date, several important
criteria have been elucidated.

The most important aspect of present research is
that it has broadened our perspective of raising fish in
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small aquatic systems. At first, we thought it was
critical to monitor ammonia in the ponds. As already
mentioned, the compound is toxic to fish. Thesignifi-
cance of the presence of this compound proves to be
greater than just an indicator of the fishes’ health. It is
also an indicator of the stability of the ecology withina
pond. We havelearned this through a sequential analy-
sts of the water chemistry through the course of a
production trial. (We have expanded the number of
measured factors to include ammonia, nitrite, nitrate,
phosphate, sulfide, sulfate, alkalinity, turbidity, pH,
dissolved oxvgen, solar radiation, and temperature.)
If, for instance, significant quantities of ammonia are
present, it becomes likely that a series of unstable
chemical fluctuations will follow; i.e. a build-up of
nitrite followed by nitrate. This is the sequence in the
oxidation reactions following ammonia by the Nirro-
somonas and Nitrobacter bacteria. The direct impact of
these compounds upon fish growth and the evolution
of microorganisms associated with themis a puzzle we
are currently attempting to piece together. (See Aqua-
culture section of this Journal.) These factors allow us
now to percetve fish culture 1n terms of the entire
ecology of the culture ponds. This perspective brought
us to another important consideration in pond manage-
ment and maximization of fish producrivity.

[t 1s important not to base calculations for supple-
mentary feeding solelv on a percentage of the fish
biomass. It 1s also necessary to consider the nurtrient
loading capability of the ecosystem. Excessive feeding
loads the pond, and the capacity of the living
organisms to assimilate the fish waste products is
reduced. With regard to the build-up of ammonia, the
nitrogen content of a specific feed has a direct
correlation to the amount of nitrogen compounds
released mto the system in the fish wastes. The
efficiency of assimilation has proven to be different
between species. It is, therefore, necessary to match the
kind of feeds and rate of feeding with the organisms
present in the pond, and not to exceed the loading
capabilicies, regardless of fish biomass. A particular
polyculture strategy in a finite volume of water will
have its own inherent maximum feeding rate
depending upon the size and nature of the ecosystem.
We are working on several design possibilities to
optimize productivity.

Four strategies are being considered. An integra-
tion of certain factors from all four will probably lead
to the best design. The first consideration is the choice
of species to be cultured. These should be selected to
optimize the nutrients available at the different trophic
levels in the ponds, as well as feeds thar are added.
These include 1n the solar-algae ponds the phytoplank-
ton, solid fish wastes and sediments, and sessile orga-
nisms that grow on the sides of the pond. The second
strategy 1s to match the kind and quantity of the feeds
with the efficiency of their assimilation by the living

organisms within the pond. The third is to investigate
a recirculating hydroponics design to utilize excess
wastes that build up during an accelerated feeding
regime. This may increase the productivity of a pond
through redirecting nutrients that can cause instability
by stabilizing algae populations through nutrient com-
petition, space, etc. The last strategy would be either an
incremental or constant slow dilution of the pond water
from a fresh supply. This replaced water could be used
to provide nutrients for agriculture through irrigation.
The composite design of the Cape Cod Ark makes this
tactic possible inside the building.

The solar-algae ponds, therefore, have several uses
in bioshelter design. They provide a means of passive
solar energy collection and aquaculture inside. They
can be used to provide fish waste nutrients for agricul-
ture through irrigation, and at the same time reduce the
chance of thermal shock to plant roots by prewarming
the water. At this time, the potential for using the pond
sediments for methane generation is also being consid-
ered

The experience we've gained in evaluating solar-
algae pond aquaculture for the Cape Cod Ark has been
manyfold. The benefits from their integration inarchi-
tecture proved to be significant. The research and
daily contact with these aquatic systems has increased
our knowledge and perspective of the nature of eco-
systems. [t 1s bringing us closer to understanding the
dynamics and sensitivity of the biosphere, a semi-
closed ecosystem of which we are all a part.

POSTSCRIPT
John Todd

[t goes without saying that the presence of the Ark at
New Alchemy has changed how all of us feel about the
future. Ultmately, Arks and the thinking that they
engender are the best antinuclear devices we can con-
ceive. They envision a world based on the sun, wind,
and biofuels; a world on a human scale within which
each of us helps orchestrate the forces that sustain us,
and a human community that works in a sacred har-
mony with the living world upon which we ulumately
depend.
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This section of the Journal traditionally has been a
mixed bag, a space in which New Alchemists and
their friends could pursue their personal quests in
areas that did not necessarily fall definitively into any
of our other categories. This time, with “Sensitive
Societies,” Ron Zweig extends the thinking that he
developed in an earlier article, entitled "Bioshelters
as Organisms,” to social applications of a biological
analogy for the present mechanistic social structure.
Like Lewis Thomas, he is a firm believer in those
“spectacular symbionts —the chloroplasts and mito-
chondria tapping the sun and making use of it in aid of
all the rest of us.”

In “Near Horizon Economics,” Joe Seale indicates
the disparities in thought between proponents of con-
tinued economic growth and those of us who come to
weigh our actions in the judgment of coming genera-
tions, contrasting the traditional economic and the
ecological ethic.

With Jeff Parkin's interview of Sava Morgan, the
puzzling over learning which underlies so much of
what we do is tackled straight on. Sava has been
struggling for many years to find means by which one
can learn what Gregory Bateson has called “ecology
of mind.” The medijum that she has found most satis-
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factory for doing so is art, specifically drawing and
painting. Most of the people who have worked with her
maintain that she is the best art teacher they have had.
Jeff, who has studied with her, shares this view and
through his interview with her some of the reasons for
it become apparent.

The last article is the transcript of a talk that was
given by Francisco Varela at the Lindisfarne Fellows
Conference in New York in June 1978 and was subse-
quently reprinted in the Lindisfarne Letter (8). | was
profoundly impressed by the talk on first hearing it at
Lindistarne, equally so on rereading it. Bill Thompson
has always warned that no matter how well inten-
tioned one'’s acts, they contain the seeds of their oppo-
site or shadow side. As the politics of ecology become
more heated with the debate over nuclear energy and
fuel shortages, the lesson of Francisco’s experience
of the political polarization that developed during the
Allende years in Chile seems to me particularly apt.
Weathering what is bound to be a fairly stormy transi-
tional period in the next few years may depend less on
vigorous partisanship than on learning to think, in as
much as we can, about the entirety of the situation,
upon what Varela and Bateson call our epistemology.
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Sensitive Societies: A Biological Perspective

Roi Zzeeig

“How can vour philosophy of decentralization and In pursuing the idea of an ecological perspecuive for
ccology be concretized into a useful framework for social design, the word “‘concretize” creates some dif-
socicty?”” This question was posed by a visitor one ficulty because the very general nature of the question
Saturday ata workshop at New Alchemy led by Mur- implics a universal solution. applicable to diverse social
ray Bookchin. I found the question of interest for two climates which, even in North America, are the case.
reasons: the first being the man's selection of words, Such a concept withour flexibility for the particular-
and the second, the theme implicit in hus question. ties of region would, in 1self, be unecological. The
It 1s important to consider the way mn which a ques- integrating of decentralization with ecological princi-
tion 1s asked to be able te give an answer with the ples is critical in secking a viable approach to design for
proper perspective. In the case of our visitor the rigid- human communities.
ness of his termmology called for an extensive reply. I'his becomes evident in considering the various
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bioregions of the continents throughout the world.
The “biogeographical provinces” which Dasmond
and Udvardy’s work illustrates indicate the necessity
for specific evaluation of a particular region as to its
resources and climate, assets and limitations.! With
these criteria in mind, the paradigm for an ecologi-
cally based human society, one that adapts with min-
imal impact into the larger ecosystem, can be formed.
The design principles inherent in biological systems
offer an excellent early foundation for an enduring
social structure. Many of these are found consistently
in all living organisms, and considerable dara from
research on individual cells to that of ecosystems has
been documented in scientific literature.

Cells are the modular units, or simplest forms, of
life. Essentially, cellular processes are miniature ana-
logs of the mechanisms of larger life forms. A remarka-
ble number of the better designs for human com-
munity have been engineered to parallel cellular func-
tions. The sections following will describe some of the
potential for the adaptation of the principles of cellular
processes, but before doing so I should like to restate
the question that prompted this inquiry into one that is
more workable. “How can we use the principles of
decentralization and ecology to restructure a guide for
human society?”

THE PARADIGM OF THE CELL

The analogy of a cell to larger systems has been used
before to increase our comprehension of living sys-
tems. In The Lives of the Cell, Lewis Thomas portrays
the earth as reflecting the image of the living cell .2
Lynn Margulis and James Lovelock, in their Gaia
hypothesis,® look at the earth as a single ecosystem—
the biosphere—and postulate that a deleterious impact
on any portion of it would threaten the health of the
entire planet. Such a perspective, conceptualizing the
earth as a single, interconnected, living organism
opens our minds to planetary consciousness. Such a
supposition makes it impossible to ignore any longer
that human enterprise must be considered within such
a framework. Human activity must be integrated to
have minimal impact on indigenous ecosystems yet be
woven intimately into specific environments. The
perceivable intricacies found within the microcosm of
the cell teach us how living systems function. Their
mechanisms have been developed through billions of
years of evolution. An understanding of the processes
of the cellular microcosm can be extrapolated to the
study of the dynamics of the macrocosm of the bio-

TR Dasmond, 1976, “Biogcographical Provinces,” The Colswalution Quarterly.
11 32-35.

2, Thomas, 1974, The Lizves of the Cell (New York: Viking Press).

¥, Margulis, and . Lovelock, 1975, *'The Atmosphere as Circulatory System

of the Biosphere: The Gaia Hypothesis, The CoLvolution Quarterly. 6: 30—40.

sphere and for this reason, the use of the cell as a model
1S appropriate.

We shall not cease from exploration

And the end of all our exploring

Will be to arrive where we started

And know the place for the first time.4

BIOENGINEERING & THE ORGANELLES

The mechanisms in cell biology applicable to the
design of a human society are (1) the means of energy
production, (2) transformation of energy to a widely
applicable form, (3) the use of resources in productiv-
ity, and (4) the way in which productivity is managed
and controlled. These are associated with different
structures in the protoplasm of the cell.

The process by which the living cell incorporates
these processes into means of internal productivity in-
volves a complexity of networks in close biochemical
communication. Within the cell, energy production
and utilization, and protein production are in delicate
balance and there is a direct relationship between
chloroplasts, which are the organelles involved in
photosynthesis, the mitochondria or subcellular com-
ponents producing biochemical energy, and the ribo-
somes, which are the sites of protein production.

Fssentially the chloroplasts are solar-driven facto-
ries within the plant cells. Through photosynthesis,
the organelles produce sugars which are a primary
energy source for other cell processes. The main com-
pounds are water and carbon dioxide. Oxygen, as well
as sugar, 1s a by-product of the reactions. Some of the
oxygen is used by the cell in respiration. Excess quan-
tities are released into the atmosphere. The excessive
quantities of oxygen, in a sense, are waste products
resulting from mntensive productivity. Such efficiency
and incorporation of all residual products, would be
well worth emulating in industrial enterprises. The
energy in the sugar produced by the chloroplastsisina
form that can be stored and used readily by the
mitochondria.

The mitochondria function as generators of energy
for biochemical reactions. They utilize the chemically
bonded energy stored in the sugar molecules to pro-
duce ATP (adenosine triphosphate) from ADP (aden-
osine diphosphate), a compound thatisalower form of
energy. Thisprocessis cyclic. ATPisreadily accepted
by almost all cell processes and provides the cnergy
necessary for their operation. It is the task of the
mitochondria to transform the energy in sugar into a
mode useful for other biochemical processes within the
cell. This acuvity of the organelle could be likened to
that of an electricity generator. The chloroplast
would be analogous to a windmill. Without its storage

41 Eliot, Four Quartets, 17
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capacity, the sugar could be compared to the mechani-
cal energy of a machine that can be used to drive a
generator to produce electricity and to charge batter-
ies, and is like the mitochondria inrelation to the ADP
to ATP reaction. The weakness in this analogy lies in
the stages of energy storage, but the basic premise
remains valid.

The respective sizes of the mitochondria and chlo-
roplasts are nearly uniform. They are not contained in
a single structure. Rather, the requirements that are
answered by their processes are spread throughout the
cytoplasm of the cells. Fach cell contains different
numbers of organelles, depending upon need. The
entire cell 1s not dependent upon a single, large energy
producing station. Both organelles contain their own
genetic material and are capable of independent repli-
cation, dispersing the control of some processes
throughout the cell, and leaving the responsibility for
other activities to those entities directly involved in the
particular process. Current ideas for decentralizing
energy production are somewhat analogous to those
of the cell and its micro-ecosystem.

This design permits a specific cellular reaction to
take place at the site where it 1s required, reducing the
need for extensive internal transport systems. Protein
synthesis, for example, takes place throughout the
cytoplasm, wherever there are ribosomes. Proteinsare
necessary for all structural and enzymatic activities.
ATP is required for energy for their synthesis. The
mitochondria found near a ribosome facilitates the
supply of the encrgy compound. This 1s also the case
for chloroplasts and mitochondra.

Proteins are made froma series of linked amino acids
that can be used over and over again. Rather than
repeat the energy-intensive process of synthesizing at

Photo by R L Zweig

everv level in the food chain, biochemical means have
evolved capable of breaking down proteins into indi-
vidual amino-acid building blocks. For example, when
one eatsa carrot, the proteins in the carrot tissue cannot
be used directly but, through the digestive process, are
broken down into separate amino acids and then reas-
sembled into useful proteins. Although extensive re-
cycling of materials is a relatively novel concept in our
society, it 1s an efficient process, well-tested in cell
systems that are notinvolved in primary productivity.

MANAGEMENT AND
BIOLOGICAL FEEDBACK

A last mechanism of the cell should be discussed before
beginning an attempt to extrapolate to human settle-
ments. [here is, within cells, a tight management
scheme for internal functions which are extensively
governed through feedback pathways. Itis known, for
example, that the codes for protein synthesis are found
in the cell nucleus. The nucleus secretes messages used
by the ribosomex to produce a particular protein. It
has been found that this sequence of events is con-
trolled by theamount of proteinavailable. A particular
protein, in sufficient concentration, is capable of self-
regulating the processes of its own synthesis. The
effectiveness of this mechanism in any production
scheme 1s obvious- ~the more direct the communica-
tion, the better the chances for healthy equilibrium or a
viable economy.

APPLICATION OF CELL PRINCIPLES
TO A HUMAN COMMUNITY

One way to approach ecological design is to look at
existing engineered technologies. The chloroplast
could be seen as offering an analogy that could be used
to create more efficient sewage treatment plants that
could convert wastes to usable products. At the pres-
ent, there are facilities that have been designed and are
in operation containing several of the stages of opera-
tion necessary to achieve such a goal. In such systems
raw sewage is put first into primary treatment ponds
where the solid material is converted to sludge through
bacterial activity. Methane gas is generated through
this anaerobic process in quantities sufficient for the
mechanical operation of the sewage plant. Possibly
excess heat from the process could be channeled into a
district heating scheme, but this would depend upon
the quantties available. The heat made available
through this and other manufacturing processes could
be utilized as a back-up for auxiliary passive solar
architecture designs. As with cells, such an intercon-
nected network is essential for the most efficient use of
available resources.
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The sludge can be converted to organic fertilizer for
agriculture. The conversion process could be done
using earthworms, and these in turn could be used in
fish culture.® Perhaps the amount of sludge could be
considered as an indicator of theamount of food neces-
sary to sustain a community. If all food residues and
human wastes were run through such systems, it
should be possible to calculate the amount of food
needed, providing a mechanism for direct feedback.
Agriculture of a scale suitable to provide sufficient
food could be designed to surround the settlement.
Sludge fertilizer would be combined with compost
from local plants and from inedible parts of harvested
food plants.

Designs are being developed in the secondarv stages
of sewage purification that use algae in treating resid-
ual gray water. Thealgal cells can be removed through
filcration and the water returned purified to the envi-
ronment. The stability of such a system is obviously
dependent on the quality of the sewage entering the
plant and would have to be restricted to organic wastes
free of heavy metals and toxic hydrocarbons. This

SJA Parkin, 1978, “Other Friends of the Earth,” The Journal of The New
Alchemists, 5: 69-72. P.O. Box +7, Woods Hole, MA 02543,

remains a problem in most cities where municipal
wastes enter a common sewer system. As is true with
size of cells and organelles, the scale of a community
remains an important consideration.

L T T T

Clearly, the above example 1s a simplified version of
what will be necessary. What it does is offer a partial
format for communiry designs that would be analo-
gous to biological systems. It would be naive to
assume that the model of a cell is a complete answer.
The greatest strength of any biological system comes
from the diversity of its components. Just as with the
mixing of genes, inbreeding within a species gives rise
to an increased potential for matching weak genes that
could threaten the vitality of an individual and should,
therefore, be avoided. It is best at this crossroads in
design for human communities to combine the strong-
est components from'a wide range of paradigms to
create the most broadly applicable understanding.
What has been true in the evolution of life itself should
be true in evolving fundamental principles for com-
munity development. Synthesis with relevant ecologi-
cal concepts provides the greatest chance for long-term
stability ina soctety. Hopefully, the outcome will be a
sensitive symbiosis.
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Near Horizon Economics and

Renewable Resource Based Technologies

Joseph Seale

Modern industrialized countries virtually do not en-
gage 1n any planning that extends beyond a decade
ahead. In capitalist countries government planning 1s
viewed with suspicion and fear of regulation and
bureaucratization. It 1s discount rates, which represent
competitive interest plus inflation and dictate the pres-
ent value of anticipated future returns on invested
capital, that substantially determine the time horizons
of corporate planning. This sets those horizons very
near in inflationary times." Economic planning by

" For example, by geometric discounting (only one method), at a 25% annual
rate (not uncommon for internal industry investments), next year's $1.00 earnings
has a “‘present value™ of $.80 (divide by 1.25), or $.64 two years hence (divide
again by 1.25), then $.51, $.41 and $.33 for the $1.00 carned five years hence.
Far-future anticipated returns, negative or positive, carry little weight in invest-
ment compurations.

individuals and families shapes the future only at the
family level. The purchase of a house, for example,
affects where and how one lives, or saving to send
children to college affects their education and voca-
tional future. But the way in which invested family
money is used outside the family is seldom a famly
concern. Monetary abstractions of security, earnings,
and growth rate obscure the particular impacts of
investments on the direction of technological evolu-
tion. Capital return becomes the sole measure of in-
vestment value despite the multidimensional conse-
quences of investments.

Before the industrial revolution, and to a lesser
extent even up to the beginning of this century, there
was considerable planning inherent in cultural tradi-
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tions as the long-range consequences of certain activi-
ties were known by cultural experience. Planning did
not depend on anticipating a future unlike any time in
the past. But if cultural experience once bore scme
weight in decision making, modern forecasting seems
useful, in practice, mainly to burtress self-righteous
I-told-you-so’s after a gloomy forecast comes true. It
seems that now, as throughout history, people learn
lessons the hard way as they are confronted by tangi-
ble consequences.

Increasingly tangible evidence is bringing many
people to believe, however, that the furure debts in-
curred by present types of industrial activity are
rapidly overtaking us, and that, if our civilization is
not to be swamped, our planning must begin to make
allowance for debts bestowed on the future. The sim-
ple pollution-control measures of a few years ago are
beginning to acquire dimensions of ecosystem man-
agement and future planning. Advocates are arguing
for renewable resource based technologies to curb the
depletion of and dependence on finite resources. They
argue foran economy that future generations can carry
forward.

Others contend that the strongest buffer against
pollution and economic collapse is a strong industrial
economy equipped with energy producing technolo-
gies that are equal to the tremendous energy costs of
recycling materials and fighting pollution. Most of
those of this persuasion consider that nuclear technolo-
gies alone can be implemented on a scale necessary for
long-term needs, with pollution costs and hazards we
can accept. Although many disagree with their assess-
ment of nuclear pollution and hazards, few contest the
warnings of nuclear proponents about the environ-
mental costs of massive-scale coal-electric generation.
Many people look to space for future resources. High-
technology advocates argue that historically we have
always been able to discover new resources, unimag-
ined by our predecessors, as the need has arisen.
They contend that the future can best take care of itself
if we build a strong present, by which they mean not
breaking the stride of a successful growth economy.

Both sides argue for national-scale priorities, al-
though many renewable technology proponents favor
that the priorities be accomplished not monolithically,
but in ways that are appropriate regionally and by
relatively small groups. This essay proposes that 1t 1s
only as individuals and groups, in our economic and
vocational activities, that we can effectively rake re-
sponsibility for directing technology development
according to long-range, whole-system value criteria.
Such direction will not be accomplished by govern-
mental edict that bureaucracies be funded to study
large systems of the future, nor by legislation thar
industries follow the recommendations of experts or
lobbies. We have a system in which individuals, and
consequently the corporations they form, are encour-

3 See Wendell Berry's essay,

aged to act entirely according to self-interest while the
government 1s asked to determine what activities work
to our collective detriment and to regulate economic
acuvity accordingly. Yert regulation of one sector of
the economy affects other sectors and other activities
in ways thatare as yet only poorly understood, and the
impact of regulation is to generate confusion and
waste.2 The problem inherent in the freec enterprise
alternative, when self-interest degenerates into greed
in the context of a corporate economy, is that anticom-
petitive activities can destroy the freedom of enter-
prise.

[ have little confidence in either government regula-
tion or 1n regulation entirely by “the market.”” If indi-
viduals are to intervene to the benefit of the whole
system, which [ believe is the only viable path, that
Intervention must arise from a basis broader than nar-
row self-interest. Intellectual tools, like an understand-
ing of the downstream consequences of present
choices, will only help. More critical is a sense of
cultural continuity, an awareness of relationships to
generations past as well as future, and an awareness of
and reverence toward the interdependencies of all life
in an ecosystem. While various tradirional moral codes
incorporate particular dimensions of ecosystem aware-
ness, we, for a broadly ecological ethic, must look
to a few long-lived primitive societies. Where we find
such an ethic, it 1s not imposed by higher authority so
much as it 1s integral to the prevailing concept of the
self in relation to nature.® I should like to look at such
cultural themes in relation to the theme of economic
time horizons, and consider a few historical examples
of changing time spans for investment planning.

In 1900, a young father might have invested his
family capital and subsequently his labor, in land that
he hoped to improve for the benefit of his new family
and his grandchildren. His great-grandchildren would
have lived beyond the time frame of his lifetime and his
Imagination.

In the Middle Ages, artisans labored to build cathe-
drals started before their birth and completed long after
their death. Cathedrals were an investment to the
glory of (zod on the part of the whole socicty to come
full term with the Second Coming of Christ.

Before they made contact with Europeans, the Plains
Indians of North America tried to live as to leave no
trace of their life’s passage on the land. Lasting value
lay not in monuments, but in the uninterrupted cycles
of nature. Onc’s final investment toward maintaining
natural cycles was one’s body, whose decomposition

2

See Gregory Bateson, “Conscious Purpose Versus Nature™ and “Effects of
Conscious Purpose on Human Adapraton,” essavs appearing in Part V' of his
Steps to an Ecology of Mind (Chandler Publishing Company). These essavs apply
not only to regulation of cconomic activity, but to human regulation of narural
ceosystems, a topie of the remainder of this paper

\ Sccular Pilgrimage, ™ from his collection, -

Continuons Harmony (a Harvest book, Harcourt Brice Jovanovich).
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would return the last of borrowed sustenance to the
soil that gave life, although the word “investment”
hardly fits here, for its modern usage implies the chan-
neling of human effort or the currency of human
effort, capiral, to improve on the natural state of things.
Currently investments are not based on the eternal
cycles of nature.

Modern industrial equipment 1s amortized fully in
about five years. Beyond that horizon, today’s equip-
ment is scrap. An example can be seen in the IRS
schedules whereby companies depreciate capiral
equipment to salvage value in about five years. Com-
puters give way to faster, more powerful computers.
Typewriters give way to word processors. Fixed type-
writer fonts yield to interchangeable fonts. Mechanical
linotype fonts give way to evolving phototypesetting
methods. Next come cathode ray tube (CRT) scanned
optical fonts, then digital fonts that control CRT
letter formation, and now digital fonts that steer laser
beams to make offset plates in one step.

For a more derailed example of economic pressures
leading to rapid technological advancement and
equally rapid obsolescence, we should consider
oil-well drilling technologies. Mud drilling, based on
pipe rotation to turn rolling conical studded bits, mud

“flow to carry away cuttings, and drill stem weight for
cutting force, 1s being challenged mn dry continental
formations by faster air drilling, which uses a flat
studded bit face, compressed air to carry cuttings up
the hole, and pressure differential betweenairand high
internal pressure rock to eliminate the need for great
mechanical cutting force.® Drilling with bits may be
made obsolete in the future by fast erosion drilling,
which uses very high pressure (up to 15,000 psi)
drilling mud jets to cut through rock.®

Equipment becomes more specialized, complex, ex-
pensive, and far more productive—of necessity. To
continue with the example of fast drilling technolo-
gics, large shallow continental fields run dry, forcing
drillers to go deeper, or out to sea, for smaller returns
in oil. Production demands drive companies from
$4,000 per day shallow dnlling in east Texas to
$10,000 per day drilling in deeper, harder formations
in the Rocky Mountains to $25,000 per day for shal-
low Gulf of Mexico drilling as high paying onshore
reserves dwindle. From there, costs climb to $40,000
per day for U.S. Fast Coast offshore drilling, $40,000
to $60,000 per day for North Sea drilling, as waves,
weather, and remoteness add their costs, and to
$100,000 per day to drill through Arctic ice in north-
ern Canada in search of even more difficult reserves.
Completion times increase exponentially with depth,

4 i S g
Mile-deep rock is under extreme pressure of rock weighing down from above.
In air drilling, this internal pressure causes rock to break loose casily into the
much lower pressure air environment. The drill bit does comparatively litde work.
Roy Long, Jr., Tenneco Oil Co., provided most of the specifics for the above

haragraph.
paragray

froma day or two in east Texas to four to six days for
8,000 ft. wells in southern Louisiana, to more than a
year for 25,000 ft. mid-continent wells. Pressures for
increased productivity, drilling speed in this case,
come from the need to go to great depths, from high
daily operating costs (crews, fuel, management), from
interest on tied-up capital (drilling rigs, ships, offshore
platforms and leases), from inflation, taxes, and ulti-
mately from competing equipment manufacturers.
These pressures force rapid technological evolution
and correspondingly rapid obsolescence of equipment.
Inflation is really having to spend more to get the same
thing; however, some people claim that inflation can
be cured by redirected government economic policy
and ignore patterns like this. Do they think we can
legislate easy-to-recover petroleum back into the
ground? :

On a deeper level, short horizon economics are a
symptom of a race to stay in one place, to maintain our
economy and our lifestyles even while nonrenewable
resources vanish and must be replaced by resources
that are harder to obtain, like offshore petroleum; or are
currently more challenging to use, like solar energy (as
contrasted with fuel oil), or depleted soils (as contrasted
with the rich soils our ancestors used). The costs of
environmental pollution and ecosystem damage have
begun to acquire important economic proportions. We
are racing to invent our way out of the consequences of
past actions.

How do markets move from long to short range
economics? Take agricultural land as an example.
[.and was once a very long-term investment, espe-

-cially in Europe, wherea tradition of conservative land

management had evolved around centuries of use of a
finite resource, which is an example of “planming”
integrated with cultural tradition. Much of the invest-
ment was not so much in the land as acreage, as it was
in the soils. Management included rotations of nitro-
gen-fixing legumes, soil-holding cover crops, and
nonmarket “green manure’’ crops to be turned under
for soil fertility. Animal husbandry and market farm-
ing were complementary, as manure was a necessary
part of agriculture. The land produced “fuel” for draft
animals, and the animals returned fertlizer.

With the settling of America, people discovered that
they could use land more easily as a nonrenewable
resource and neglected conservation practices. De-
pleted soils could be abandoned for land further west
which led eventually to the geographic separation of
farms and markets, a pattern that now locks us into
costly long-range transport of food. Later with chemi-
cal fertilizers, farmers found a technological fix for the
accumulating consequences of their nonconserving
practices. The tremendous success of fertilizers led
farmers to ignore tradition altogether. Increasing
mechanization encouraged larger field size. Mechani-
zation, economic pressure, and loss of a cultural
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memory that trees are useful in agriculture led to the
cutting of windbreaks. Consequently, wind-caused
crop damage and erosion increased. Birds would not
venture out across large fields, far from protective
cover, to feed on agricultural pests. And the simplified
soil ecosystems bred of chemical fertilization and pest
management did not support the biological balances
that once held many pests in check. Selective evolu-
tionary pressures from pesticides caused fast-evolving
insects to develop resistance while bird populations
that evolve more slowly dwindled, enforcing the esca-
lation of the pesticide war. Further destruction of soil
microbial ecosystems reduced the pathways by which
soil minerals were converted to compounds available
for uptake by roots, while breeding for optimal pro-
ductivity with fertilization led to dwarfed root sys-
tems equipped to feed only on soluble fertilizers.

In modern practice, “soil”’ is used in the singular, for
its use 1s largely undifferentiated. Soil is space for
plants to grow 1n sunlight. Soil is a floor to bear the
passage of plant-tending machinery. Soil is a mechani-
cal structure stable enough to hold plants upright by
their miniaturized root systems. Soil is capillary struc-
ture to hold the nutrient chemical solutions on which
roots feed and the vermiculite of the most economical
form of mass hydroponic food production. Soil fertil-
ity has moved from an investment lasting for genera-
tions to a one-season investment: chemicals on, crops
off. Land under this type of management acquires a
time horizon for agricultural use of decades, not
centuries.

Current economies rely largely on resources that are
either nonrenewable and in short supply or else in
imminent danger of depletion faster than can be re-
supplied by nature. It seems relevant to ask which
forms of resource depletion are most likely to affect the
race to invent our way out of past consequences.

Fossil fuels, particularly petroleum, are becoming
harder to recover as prime reserves vanish. Long
before supplies are gone, several rising costs will com-
bine to outweigh the value of these resources as fuel.
These include the rising recovery and extraction costs
mentioned earlier, as in offshore petroleum, oil shales,
tar sands, land reclamation costs in relation to strip-
mined coal and oil shales, and the costs of pollution
control for substances like high-sulfur coal and petro-
leum. The uses of fossil resources in chemicals and
materials are likely to outlast fuel uses, but at a price.

Metals are becoming harder to recover. Incases like
aluminum, ores are abundant, but the tremendous
energy requirements for electrolytic refining binds the
costs of aluminum to energy costs. In other cases,
supplies of good ores will be more limiting, and metal
recovery from poorer ores costs much more in labor,
equipment, and energy. These rising costs pose a
threat to the construction of many of the devices sup-

posed to form the basis of renewable resource
technologies.

Soils are being depleted in two ways. Erosion has
already claimed about one-third of American topsoils,
and loss 1s accelerating despite $15 billion spent since
the 1930’s to fight erosion. The destruction of soil
structure, organic matter, and microbial ecosystems is
reversible n principle, but only over decades, and at
considerable expense. This soil destruction enforces
the continuation of the agricultural methods that
brought it on, while the quality of soil, even as a
hydroponic medium, deteriorates with the on-going
loss of organic matter. Microbial ecosystems arc essen-
tial both for the conversion of soil minerals to com-
pounds useful to plants and in the return of potentially
recyclable components removed with the harvested
crop.

Water resources are coming to be used to capacity.
In agriculture, destruction of soil structure reduces
water retention, increasing both the demand for irriga-
tion and ramnwater runoff, accelerating erosion, and
creating expensive flood-control problems. It is casy
to forget that the kind of damaging floods we com-
monly experience or read about were rare in North
America 200 years ago. Industrial uses of water, such
as pumping water-suspensions of crushed coal from
mines to gencrating plants, threaten to lower water
table and disrupt ecosystems, ultimately destroying
soils and species.

Mineral phosphate reserves are declining rapidly.
This 1s tied again to unsustainable soil management,
which fails to recycle phosphrus-bearing manures,
sewage, and garbage, and allows the leaching of phos-
phorus from poor soil structure.

The genetic stocks of the biosphere are being de-
stroyed, as the last areas of arable land are brought
under tllage. Modern agriculture has relied on the
infusion of diversity from wild genetic plant-stocks to
develop new domesticated breeds that combine good
productivity under specific growth environments
with pest and disease resistance. But the green revolu-
tion led to the development of plants optimized for
petro-chemical-based agriculture. The decline of fossil
fuel resources will generate needs for very different
crops and these cannot be developed without genetic
raw materials.

[t 1s currently common to call the depletion of such
resources an ‘‘energy crisis.” While energy is indeed
very important to an industrialized economy and to
industrialized agriculture, the term “‘energy crisis”
seems frighteningly narrow, as the issues raised above
should suggest. And the measures that are proposed
to fight the “energy crisis, with vast energy-
producing technologies, are stll more frightening for
the capital and the intelligent thinking that such proj-
ects would divert from whole-system problems and
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from the underlying roots of the symptomatic energy
shortages. Increasing numbers of people are advocat-
ing cfforts toward breeder fission and hydrogen fusion
technologies that would require commitmentofalarge
fraction of the national GNP. While the costs of deal-
ing with the side effects of nuclear power cannot be
argued concretely, as they are unknown, and the
necessary technologies do not exist, the fact that the
costs of dismantling the first spent reactors had ex-
ceeded their huge construction costs warns of future
cconomic debts on an unprecedented scale. Unfortu-
nately, some proposals for renewable-resource-based
technologies, particularly those focused single-
mindedly on the production of energy outside con-
texts of use, sound equally inadequate, if a little more
benign. Two examples will illustrate.

Many engineers propose planting monocrop stands
of fast-growing fuel trees, clear cutting and replanting
every two to four years. Whole trees would be re-
moved and burned in electric generating plants. Could
such practice result in net profit and sustainable yields,
or would it use forest soils as nonrenewable resources?
Agricultural experience by now should indicate the
high encrgy costs of maintaining stable immature
monocrop ccosystems against a biosphere that at-
tempts to reimpose diversity. Pests are certain to
require constant control. Regular irrigation, fertiliza-
tion and herbicide control are anticipated as though
there would be plenty of water for this new and mas-
sive need, and as though the energetics of fertilizerand
herbicide manufacture without petrochemicals would
permit such practices.

What would be taken from soil? Nitrogen. Phos-
phorus. Potassium. Carbon, which 1s organic matter
from decay. Minerals. Short-horizon agriculture rec-
ognizes the first three elements primarily. The nitro-
gen compounds in wood would generate volatile,
polluting stack effluents. Would such compounds be
scrubbed from stack gases and processed to a form
more suitable for fertilization? Or would 1t be cheaper
to dispose of scrubbed effluents and synthesize ferti-
lizer from atmospheric nitrogen? Power-plant ash
would contain phosphorus, potassium, and trace min-
erals that hopefully could easily be returned to soils.
What of carbon? Fuel woods would be hardwoods,
whose leaves are better soil builders than needles. Is
that sufficient? Or will the soil structure deteriorate?

Natural forests, and some managed European
forests as well, contain decaying trees that provide
food for bacteria, fungi, insects, and ultimately birds
and small mammals. Varieties of seeds from different
tree species feed birds and animals, thereby creating
niches for larger predators. The droppings and decay-
ing bodies of the insect, animal and bird life sheltered
by a forest provide soil-building inputs beyond the
mere chemical elements necessary. Enduring soil eco-

systems which maintain structure and microbe-driven
nutrient cycles have evolved with these inputs. Pests
are a result of predaror-prey imbalances that seldom
occur in forests with mature trees, species diversity
and the accompanying diversity of animals, birds, and
11SeCts.

Forest managers try to maintain early succession
ecosystems that are more productive than climax
forests. In nature, less mature forests are more diverse
than slow-moving climax forests. To push for both
extreme immaturity and uniformity implies difficult,
energy-intensive management. It seems doubtful that
many current biofuel forest plans would fundamen-
tally have a more renewable basis—in fact, coal would
probably be a much longer-lasting resource than un-
wisely exploited forests.”

Can windmills become part of a sustainable econ-
omy? Once, wind machines were used to accomplish
mechanical tasks directly, primarily those of grain mill-
ing and water pumping. The products of these tasks,
flours and pumped water, could be stored for the
duration of calm spells. Now that energy production
and task performance have evolved into separate spe-
cialties, windmills are being designed almost exclu-
sively to produce one of the prime commodities of
energy exchange, electricity. For that single purpose,
windmills are being made more efficiently year by
year in the manner of industrial products in general.
But, unlike grain milling or water pumping, the task of
electricity generation alone is incomplete and requires
an array of other devices to serve human needs. Elec-
trical systems cost enormous amounts of capital,
energy, and materials to build.® For wind-generated
electricity systems of the near future, fossil fuels are
likely to provide much of the back-up power for peri-
ods of inadequate wind. But once the chemical energy
stored in fossil fuels is depleted, as when the energy
costs of recovery exceed the energy value of the fuels,
then the high costs of other forms of electrical energy
storage and back-up power will further diminish the
net absolute worth of wind-powered electricity gen-
erators.

This is not an argumentagainst the relative merits of
the wind-generation of electricity, which look quite

7 For a more hopeful view of what can be accomplished through sound agricul-
tural and forestry management, see Earle Barnhart, “On the Feasibility of a

Permanent Agricultural Landscape’ in The Jowrnal of The New Alchemists # 5.

While Barnhart's paper indicates constructive approaches for dealing with many
of the specters raised here, the paper makes it clear that implementation of these
approaches can happen only in a context of long-range economic planning.

8 See A mory Lovins, Soft Energy Paths: Toward A Durable Peace (Friends of the

Farth and Ballinger Publishing Co.) for broad-ranging rescarch into these
costs and their implications. For a bricfer view of some of the solar tech-
nology implications of clectrical svstem costs, plus concepts on systems inte-
gration, sce Joe Seale, “Sun, Wind. and the Power Company,” Colfwolution
Quarterly, Winter 1978 79 issue. For an end-use oriented, integrated wind
svstem description, sce Joe Seale, “An Integrated Wind-Powered System to
Pump, Store, and Deliver Heat and Cold™ in this issuc of The Journal of
The New Alchemists.
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favorable. For certain premium uses where continuous
energy in electrical form is indispensable, or where
power can be intermittent with the wind, wind-gen-
erated electricity is likely to rank with the best energy
resources. The question of net absolute worth is as
follows: Will the costs of future total wind energy
systems for continuous power approach or exceed the
value of their lifetime energy production? If the costs
are too high, then such systems would require a net
subsidy, even though they might be constructed for
their special utility in limited applications. This caveat
applies to other renewable resource technologies. Only
the best-conceived renewable-resource-based econ-
omy, as a well-integrated assembly of component
technologies, is likely to be self-sustaining. The “out”
of continuing much longer to discover new nonrenew-
able resources to exploit seems less promising. Only
clear systematic thinking and planning will sustain us.

As I said earlier, the problems we face are much too
broad to be termed an “energy crisis.” Gregory Bate-
son reminds us that what is called “human energy,”
and especially “psychic energy,” seldom means the
kind of energy defined by Newtonian and Finsteinian
physics, and would better be termed information, con-
trol, or intelligence.® That a light bulb and a computer
consume equal wattages says nothing of their compar-
ative “computing power.” The “energy” crisis might
more properly be called an information crisis, a failure
of intelligent control of our technology. The examples
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from agriculture and forest management should indi-
cate the ways in which ignorance of how ecosystems
can help us achieve human ends has led to prodigious
expenditures of real energy, the kind measured in Bru’s
or horsepower hours or kilowatt hours. Eugene P.
Odum made a statement about plant “energy” and
human “energy,” meaning energy plus information or
organizaton: “A lot of energy (human or otherwise)
other than fuel is required to keep machines running,
repaired, and replaced; it 1s not fair to compare engines
and biological systems unless this is considered, be-
cause the latter are self-repairing and self-perpetu-
ating.”"® The folk adage is, “Things break down.”
Whereas broken-down machines are scrap requiring
energy for disposal or recycling, dead plants and ani-
mals in a healthy ecosystem provide both nutrients and
food energy to the microbes that carry their material
back nto the cycles of plant and animal life.
American Indians were the last residents of this land
to participate fully in such cycles. Can our society find
ways to build sustainable technologies with intelli-
gence, especially biological intelligence, where brute
energy has failed us? Beginnings of positive answers

CGiregory Bateson, “Form, Substance and Difference.” op. cit. Afrer reading
this and the two essays mendoned previoushy, the reader may well be in-
spired 1o tackle the whole book of essavs, which is wonderfully wise and
coherent.

10 Fugene Po Odum, Fundamentals of Ecdogy, W B. Saunders Co., p. 77
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lie all around us. Solar greenhouses that avoid the costs
of heating fuel and produce vegetables in the areca
where they are consumed cut into the cost and re-
source depletion of long-range food shipment. Bio-
shelters combining greenhouse agriculture with
aquaculture make double use of water for thermal
storage and fish raising, use algae and bacteria to purify
the water and help feed the fish, use fish wastes to
fertilize plants, and use compost heat and CO: to
enhance plant productivity before the finished com-
post builds soil fertility and vitality " A waste-water
treatment facility that was half as expensive to build
as its chemical-based counterparts uses sunlight,
rather than fossil or nuclear-derived energy, and
plants for energy conversion to purify water.'? Some
of the plants promise to become useful as cattle feed.
A large mixed farm in lowa operated according to
biological principles has slightly lower productivity
per acre than neighboring farms using chemicals but
it operates in the black, because of reduced operating
costs, whereas neighboring farms are owned by
the banks."3

Another issue of trade-off between energy and intel-
ligence involves the conflict between corporate struc-
ture and the efficient integration of systems. Industry
is geared toward the manufacture of modules and will,
for reasons of profit, promote the sale of complete
modular systems over the sale of materials that require
finishing outside industry. On the marketing side, ad-
vertsing 1s effective at selling modules, not concepts.
The best practical example of this 1s solar space-
heating systems. Industries have developed and pro-
moted modular component systems consisting of solar
collectors, heat-storage reservoirs, heat exchangers,
blowers and/or pumps, and controls. These modules
taken together are a direct physical and conceptual
replacement for a furnace heating system. The concept
being sold is simple: “The fuel for this furnace s free.”
This sort of marketing molds popular opinion, even
though high costs prevent large sales. How many
places do we see slogans like “Plug into the Sun and
Wind!” or “Switch to Solar Energy!” as if simple
substitution of one form of energy for another, all in
the same unintegrated framework, would cure our ills?
Now that solar space-heating has been identified in the
popular consciousness with active solar-collector sys-
tems, intelligently edited magazines and journals carry
the post-mortems: *
unfulfilled promise . .. ;
... too costly for the homeowner. . . .

Meanwhile, a new tradition of integrated solar archi-

M, L

. uneconomical . . .7y L
‘. ..complexand unreliable

”

11

“From Our Experience. ™ Part 3, see p. 146.
12 o ank Balyn, “Solar Sewage Treatment.”” P o 976 7
rank Balyn, “Solar Sewage Treatment,” Popular Science May, 1979, pp. 106-7.
13 Richard and Sharon Thompson operate 420 acres; they specialize in corn and
cattle raising. For an account, send for: Proceedings of the First Conference on
Biological Agriculture, Spring 1978, Charlottetown, P.F.L. Canada. Send §7.00

to Martha Musgrove, Institute of Man and Resources, 50 Water St., Charlotte-
town, Prince Fdward Island, Canada.

tecture based on the initiative of many individuals and
not supported by mass marketing is gaining a foot-
hold. Glass walls with insulating shades are more
expensive than insulated walls, but far less expensive
than insulated walls plus solar collectors plus thermal
transport mechanisms. Designed-in masonry or water
containers exposed directly to sunlight are more cost-
effective storage media than rock storage piles with
blowers and ducts, or than water tanks with pumps
and blowers and heat exchangers and ducts. Granted,
the more passive integrated solar approaches offer less
tight temperature control, but that is a trade-off that
increasing numbers of homeowners are willing to
accept for reasons of economy and security. Home-
owners are also reluctant to become dependent on
repair specialists to keep complex plumbing, motors,
pumps, and controls operating. The “energy crisis”
lies in hundreds of thousands of badly constructed,
leaky, large (oversize by my prejudices) houses going
up each year, where well-constructed, integrated solar
houses would not create such large new energy de-
mands.

To call consumers the victims of industry in situa-
tions like this is to point to the counterproductive but
mutually reinforcing habits of industries and consu-
mers. [t takes two parties to make a mentalillness. The
two parties here are the warring factions of the body
politic, our divided selves.'* As consumers, we are
victims. But as consumers making purchases, we con-
trol part of the capital flow of the economy. If we
invest, our investment choices reinforce or discourage
corporate patterns. If we are blind to all but maximum
investment returns, we reinforce the short economic
horizons that are a formidable barrier to long-range
renewable technology investments. To be employees
of a system we may wish to change, or to be in a
vocation that does not help shape a future we would
choose, is perhaps unavoidable in the short run. But
eventually there is always other work to move into by
our own choice, if we make it. Economic inducements
usually discourage vocational innovation. High-
school and college career-placement counselors too
often play the role of marketanalysts, using computer-
based job market forecasts to suggest where we (or our
children) might best cast our abilities, how we might
most profitably sell ourselves in the market place. At
colleges, the Future wears a business suit and visits
campuses near the time of graduation, illustrating how
Still the Future can choose us with the apparent inevita-
bility of Progress.

Or we can choose the future.

14 Wendell Berry offers a fine cexposition of this concept in The Unsetiling of
dmerica Culture and Agriculture (Sicrra Club Books; published by Avon Books).
especially in chaprer 2. He contrasts the integrating cffects of traditional agri-
culture as nurturing stewardship with the fragmenting effects of exploitive in-
dustry and industrialized agriculture. Though Mr. Berry’s emphases are cultural
and agricultural, his thoughr has been a cornerstone for these arguments fo-
cused on cconomics and technology development.
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From a panting by Savz Morgan

Learning and Unlearning:
Some Patterns and Connections

Jeffrey Parkin and Sava Morgan

The interview that follows arose from a strong feeling,
one that I share with many other people, that Sava
Morgan’s approach to painting and to teaching, which
amounts essentially to learning from one’s self and
from others, should be shared. I first met Sava when I
became a participant in her painting workshops. The
beauty of her classes is that they are meant for ev-
eryone not just for artists per se. Through our painting,
she prompted each of us to take a hard look at our-
selves. In many instances, this was quite a revelation.

In my case, much of my pre-college life was devoted
to formal training in art, then my college days were
spent predominantly in science. For many vears, I
thought of my art and my science as complementing
one another, the subjective and the objective, the yin
and the yang. Throughout my first twelve years of
school, I was taught in art to render my reality objec-

tively. While this 1s perhaps a logical, initial step for
aspiring artists, most of us, particularly when we are
very young, are not aspiring artists. Yet largely with-
out exception, elementary-school children are encour-
aged to compose the mevitable witches on broom-
sticks at Halloween, predictable turkeys and Pilgrims
at Thanksgiving, assembly-line Santa Clauses and
evergreens at Christmas, and so on as the years and
children go on. Our perception of reality thus, as
objective, through various forms of art, 1s not funda-
mentally different from science. With my background,
[ found it difficult in Sava’s classes to displace my
objectivity for long enough to find a greater balance
within myself. It is the rare teacher outside the disci-
pline of Zen Buddhism who asks questions without
answers, offering art as a vehicle for self-expression
and self-awareness, as a true complement to science.
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Sava is such a teacher. Although she defies translation
onto paper, | have not been able to resist the impulse to
try.

Jeff: What do you think are the most important
aspects of your teaching of painting?

Sava: Many modern artists, like Dubuffet, Klee, and
Picasso, studied young children’s art in the hope of
capturing some of its spontaneity. [ wondered if it was
possible to trigger comparably spontaneous actuivity in
adults. In my adultart classes, [ attempt to have partici-
pants relate individually to experiences sull within
them, from their pre-school stage (from about two to
six years of age). The period 1s often referred to as the
mytho-poetic or what Piaget termed the preopera-
tional stage of childhood. It 1s a time 1n people’s hives
when they can directly express their perceptions of
reality through movement, feelings, color, music and
through metaphor, without intellectualizing or being
bothered about the final product or outcome. In our
workshops, we play. We experiment with materials
like large brushes, primary poster paints and inexpen-
sive paper, as children do. You express yourself with
individual spontaneity, through color and forms. As
part of the process, you feel the extent to which you
want the colors to flow, to combine to new hues, to fill
spaces, and so on.

Working like this you mightmove into a new phase.
When presented with the exploration of materials
exclusively, you focus on constructing configurations
in relation to the paper and to your perceptions. These
configurations may be developed into a world of your
own figurative, associative, or abstract. Theapplica-
tion of paint may be lacy, heavy or patterned. When
painting a plant, [may suggest that youimagine how it
would feel if it were made out of bricks or feathers. By
doing so, vou could communicate many of the quali-
ties inherent in nature the hardness of a trunk, the
softness of a leaf. Often, youmay notunderstand what
you are doing, but connections evolve out of enjoying
the work rather than aiming at results. You reach
toward your own understanding and expression rather
than making something that 1s going to be pleasing to
others. You become childlike in that youare searching.
A joy like that in dancing, jumping, or playing is
experienced mn your painting.

An important element in realizing this lies in dis-
carding tools usually employed for achieveing perfec-
tion. The pencil, pen or fine brush in the child or adult
hand is directed toward achieving results acceptable to
other people. You must be able to write legibly and
draw clear, straight lines, ora smooth circle. Through-
out all these years, you are conditioned to direct your
hands roward planned, nonspontancous activity. At-
rempting to achieve this, you have inhibited other
parts of vour self-expression, fragmenting yourself. If
you did not enjoy your work, you relinquished plea-
sure for approval.

Photo by Hilde Maingay

Using large brushes and primary colors, you are
reintroduced to arttributes of nature like color, space
and movement, as detached from a particular object.
This is characteristic of tribal art, which is an integrated
communication of total experience in symbolic form,
through construction rather than imitation. The qual-
ity of essential communication about a state of mind
connects the art of tribal people with that of children.
In tribal art, utility and spiritual values were one. A
drinking vessel can have both ceremonial and sym-
bolic meaning. The work of the artst has spiritual
significance, rooted in the collective life of the tribe. In
my classes, you approach attributes of nature from
your own subconscious and preconscious experience
in an analogous way. You begin to perceive and treat
these interconnected attributes as flowing through
vou. You are not by-passing your subconscious to
fabricate a product that might be admired. L try to help
you take away the striving for perfection, so that you
can begin to confront your basic, creative imperfec-
tion. This may lead you toward new concepts and
discoveries.

This 1s why I emphasize change when we work.
Each time you do something to your satisfaction, I
encourage you to do something entirely different in
which you will have to use other capacities. This will
lead to balancing achievement in one direction with
other aspects of exploration. My hope is that you
begin to enjoy every aspect of yourself, which will
gradually result in an improvement of skills through
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the process of self-evaluation in terms of your own
complexity. The hope is for a person with an aware-
ness of self rather than one who has been programmed
to achieve a standardized performance.

If you ask me, “is my painting good?,” [ turn it back
to you and ask, in the manner of Carl Rogers, “‘Does it
please you? Is the feeling good? Did you discover
something?” You achieve control of your own activi-
ties in terms of your demands on yourself.

In broader terms, the type of education [ envision
has many of its roots in the procedure of Fritz Perls. [
try deliberately to disturb you by confronting you
with your stereotype. Through your paintings, or
whatever form of expression you have used, I show
you that often you do not speak for your real self: you
have been stuck for many years ina certain manner of
working because that i1s what you were taught. Like
one of Perls’ clients, you may use a greeting to avoid
rather than make contact with people. Then when you
realize this aspect of yourself, you wonder what to do.
I may encourage youto try working with color, to use
itinanew way, to perceive itas overlapping spaces, to
stop making outlines, to confront that painting as you
would a new person. And that new person is yourself.
Because you are unfamiliar with this, you may implode
and then explode your negative feelings about this con-
frontation. Yet, as you begin to conceive of a new
aspect of yourself, I try to help you to view it and
express it. But I do this only when you have developed
criteria that are valid for you, not only for me. This 1s
why, when [ teach painting, I encourage people to
discover things important in their own lives that be-
come valid artistically, and then make a statement of
strong conviction. Originally, the intentis not to make
statements to others. It is to explore the process of
your own growth, your own capacities, and your own
satisfaction.

Jeff: Why do you think painting is uniquely suited
for the self-exploration and expression you speak of?

Sava: When you dance or play music, it escapes from
you minute by minute. Photography and film tend to
be technical expressions of selection and association
suspended in time. Construction into single frames
mediated by an instrument can remain a process of
fragmentation. The moment you read back writing, it
becomes linear; words and sentences ordinarily follow
one another according to grammatical sequence and
are viewed analytically. Even sculpture can be viewed
from a linear point of view, as you walk around it. You
may see it one partafter another. In painting, the image
is flat and confronts you as a whole.

While you are painting, you may, within your
painting, have a mirror of yourself, moment to mo-
ment. You can see what you felt because unlike music
the temporal dimension is hidden. Through painting
you can sense your own control over the spaceas it oc-
curs in time. This is important. According to Cassirer,

the spatial concept came before the temporal. In the
templum, which was space, one could contemplate,
and thus tempus, time, arose. So you go from space, to
considering space in time, to the origin of the concept
of uime. Painting illustrates this process.

Jeff: Having raught in elementary school and col-
leges, how do you view the current educational proc-
ess?

Sawa: Much of education today is based on the cu-
mulatve theories of the behaviorists, particularly those
of Skinner. By eliminating the dimensions and com-
plexities that are part of children’s personalities, they
can be treated as “black boxes,” repositories for facts
and programs. Then it is justifiable to reinforce those
qualities important for optimal operation as a cog in the
wheel of our progressive social machine. Education is
analogous to feeding. The child may consume what is
offered by way of education, and may even find it
palatable. Because of the great phability of the young
child, this is overtly successful in the short term.

New curricula are devised to increase the level of
performance rather than competence. The flaw in this
lies in the fact, as Chomsky states, “that productionisa
small fraction of competence” at every stage of growth
and development. Not only 1s the fraction an inconsis-
tent, inaccurate tool for evaluation, but encour-
aging performance (production) has an effect that at
best 1s indirect in revealing competence. Actually,
stressing performance in education has led to an in-
creased level of incompetence in many students because
of rebellion inherent in many living organisms against
being cast into molds not their own. It 1s useless to
attempt to change an eagle mnto a duck.

The product orientation of education 1s comparable
to our approach to agriculture. Crop yields are in-
creased through the application of synthetic fertilizers
A dircct relation between the input of fertihizer and the
output, or performance, of crops can be measured, and
serves as the basis for evaluation. The natural balance or
nceds of the environment are not considered. As we
judge a crop by one standard, that of yicld, we assess
children by two: How much of the input of pro-
grammed information is processed and at what rate?
Real understanding is disregarded. If either, and cer-
tainly if both, of the two outputs fall below a certain
standard of achievement, the children are pronounced
failures by their educators and then by themselves.
Such so-called failures arise because the children do not
accept the nputs they are given as relating to them-
selves. The particularities of their growth and expres-
sion are not nurtured. In fact, our de-emphasis and, in
many cases, ignorance of the processes leading to
fruition, whether in an individual ora crop, has resulted
in the long-term despoiling of two of our most pre-
clous resources.

Jeff: Returning momentarily to the “education™ you
give in your art class, | was fascinated by your observa-
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tions on early childhood. What do you feel are the
important aspects of the mytho-poetic stage of child-
hood and what might we learn from it as adults?

Sava: The ability to view each experience in a unified
sensc is one of the most important aspects of the mytho-
poctic stage of childhood. It is in this stage that children
still perceive a story as a story, a holistic image, notasa
series of paragraphs, sentences, dictionary words or
letters. Reading stories in order to learn words and
grammar and to spell removes the children from the
content and meaning of the story. In promoting forms
of linear thinking, such as spelling or counting, among
children of this age, we destroy their potential for
unifying cach experience through their own connec-
tions. It is hardly surprising that many children reject
their teacher’s attempts at injections of skills that are
devoid of connections with themselves. In our haste to
groom children for adulthood, we deprive them of a
rich inner life at a time when it 1s ripe for development.
We promote stereotypes. I don’t deny that historically
linear thinking has been and 1s of tremendous impor-
tance, but I do think that the skills can be taught too
early in children’s lives.

In the mytho-poetic stage, the integration of one
process with another occurs not through logical anal-
ogy but through artistic metaphor. Children may pro-
ject the emotions they feel at a given moment on an
animal or object; they identify their experiences with an
external world. Their realities are composed of passing
series of experiences and feelings related, connected, to
them. This is how they perceive their world as unified.
If T understand morality as an interdependence of the
entire world, then the mytho-poetic stage forms a basis
of fecling for ethics.

[ have scen a little girl of four walk up to a fire
hydrant, clutch the two arms and say, “How are you,
my little teddy bear? It is so nice to meet you.” Chil-
dren see the events of the world as things connected to
their own lives; they befriend objects as animals. Each
cvent, cach animal, and object has a special significance
in terms of a child’s needs, not unlike tribal people who
create gods that correlate significances in their lives.
Tribal hunters and gatherers represented plants, ani-
mals and natural phenomenon through language, re-
ligion and myth, seeing in them innumerable connec-
tions and meanings. In tribal culture as in childhood, a
person lives in a world of significance and connections.
Though some of their perceptions might not appear
objectively valid to us, 1t 1s important to keep in mind
that they were and are valid to their holistic worlds.

The relating of object and significance is exemplified
in children’s paintings. In depicting her mother and
father seated at a table, one child greatly exaggerated
the size of her parents relative to the table, signifying
comparative importance. My grandson has portrayed
his mother as a lady with two (he has a little brother)
small birds on her shoulder, the significance being in the

large, nourishing, goddess mother and the two little
birds whom she feeds. This is a reccurring metaphor
in children’s paintings and drawings.

Cassirer said that creating connections between ob-
jects is more important to humanity than formulating
the classes to which the objects belong. As I mentioned
earlier, it is these relations berween objects and events as
they change from moment to moment that form the
basis of tribal psychology. This concept can be found
in the immersion in the here-and-now in Chinese phi-
losophy and in nomadic cultures. People constantly on
the move, rooted in impermanence, must be aware of
the here-and-now. Similarly, when children, absorbed
in the moment, are asked what they were doing a little
while ago, they don’t remember. They are so com-
pletely involved in the present task, the here-and-now.
Events as experienced by children are structured in the
mind as a series of sporadic occurrences, not as a contin-
uum. This may have a physioclogical basis in the
growth of the brain cells.

Jeff: Schumacher considered education “the greatest
resource.” For the potential of this resource to be real-
ized, it’s obvious that the role of the teacher is of utmost
importance. In the classroom, what do you consider to
be the most important functions of the teacher?

Sava: The period when children have the greatest
potential for perceiving wholes as well as essential
qualities occurs in the mytho-poetic stage. This is well-
documented in the literature of developmental psychol-
ogy. With traditional education children learn spelling,
grammar and other formal aspects of communication
rather than content through which they can identify
and experience. Children are trained to judge by formal
qualities rather than to relate the instructionas applying
to themselves. Gradually the ability to distinguish
between the essential and the irrelevant in order to
function optimally in balance with the environment
becomes clouded. Such a shift in perception can eventu-
ally result in people who vote for a candidate on the
basis of appearance, or buy a chair because of the
veneer. More serious is the justification of prejudice and
war which can be the consequences of bonding emo-
tional states with theories, as we saw in Nazi racism and
social Darwinism.

This 1s an example of how this might occur. Walking
through a zoo with a child, an adult may say, “ick. . .
that hippopotamus is disgusting; look at how he wal-
lows in the mud!” Such a judgment is both directed
toward the animal and child. How can anything dirty
be beautiful? And the hippo is dismissed. With children
1t 1s most important that you examine the beauty of a
particular structure within its own environment, sepa-
rating subjective responses from objective qualities.
Through my teaching, I attempt to help people of any
age to discriminate between what is essential to them
and to their work and what is peripheral, between what
1s true and what is merely pretty.
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This process has a wide and much-needed applica-
tion 1n education. This might well be adapred to the
method often used in teaching numbers. Children fre-
quently are presented with three horses, five chickens,
six houses, seven spoons, and the like, from which
they are supposed to learn the abstract concept of
number. It becomes easy for the child to fuse or con-
fuse horsiness, or whatever, with the quality of num-
bers. Rather than eliciting the abstract understanding
of number, the teacher achieves a fixation on those
qualities. This 1s how people can come to attribute
qualities to a concept or an object that have little or
nothing to do with it, being unable, many times, to
distinguish between what s inherent and essential to it
and what 1s not. Suppose instead the children were
exposed to four sets of the same number of objects, all
of which were different. Eliminating color, the quali-
ties of the animals and all concrete qualities at which
children 1n this particular developmental stage are so
apt, they would arrive through the process of reason-
ing at the abstract quality of number. The concept thus
becomes general rather than qualified by irrelevant
dara.

Jeff: It seems to me that an important aspect of the
teacher-student relation (or maybe any relation for
that matter) 1s the difference between approval and
acceptance. What do you think about this?

Sawa: Very few instances arise in any classroom in
which approval can be given with along-term positive
outcome. In most cases it has the effect of stunting.
The only time I tend to show approval is when some-
one lacks a self-image with which to promote them-
sclves or their work—when they are floundering. 1
give approval immediately followed by acceptance of
that person. In essence [ am saying “It is good that you
have lost your way. This is evidence of your search-
ing. The world 1s indeed complicated and it 1s some-
thing we all struggle with at one time or another.”

On the other hand, the bestowing of approval upon
a child or adult can be viewed as condescension. When
people have low self-images, they may feel that you
are flattering them rather than respecting them or valu-
ing their intellectual capacities. Also approval can iso-
late a child from other children by making the others
feel rejected. The self-analysis, or self-admiration re-
sulting, distracts the children. When someone is given
a grade or a distinction of whatever sort, the process of
learning may actually be arrested.

This comes back to the bonding of irrelevant quali-
ties to concepts, events or objects. The children’s dis-
tinctions between their own processes of learning, or
their subjective feelings of growth, and the objective
grading of their performances by the teacher become
obscured. As educators impose and reinforce these
irrelevant connections, students often turn to bask in
an artificial sun that gives warmth but no illumination.

Approval stratifies you as good, mediocre and/or

bad; acceprance means [ am interested in you and what
you are doing. Whereas approval serves to assert the
authority of the teacher, acceptance denotes an egali-
tarian situation within the classroom as a whole. Accept-
ance offers internal support for the person’s growth
and expression, rather than a crutch. Often in class,
something may happen outside the window that di-
verts the attention of the children, perhaps the flight of
an interesting bird. The excitement awakened by this
event could be channeled creatively. They could ex-
press the ways in which they experienced it into a
drawing, a musical composition, a drama, a written
story, or in any combination of these. The crux is the
acceptance of an event which has come into the chil-
dren’s world, of the children and their excitement into
the entirety of the learning situation.

Jeff: What 1s your approach to integrating with-
drawn and disruptive children into the learning
situation?

Sava: Withdrawn children are often responding to
damage that has been done to them by refusing to face
the world. Frequently, they don’t want to participate
in classroom activities and hesitate to talk. Their activ-
ities can be just as disruptive to the class as those of
hyperkinetic children. T once had a little girl in one of
my classes who was seeking the teacher’s attention and
affection constantly. She was given a box of bandaids
and asked if she would take care of the other children’s
hurts. Gradually her desperate need to be loved swas
extended outward to helping others as well. Instead of
pestering and clinging to the teacher, she became
aware of the other children. Whenever someone cut
themselves, she was there in a flash with her box of
bandaids. Realizing that her actions were of value to
others increased her self-esteem. Her need for a special
bond with an “important person’ began to disappear
and she began to take on activities in which she acted
on her own. It was through this special function that
she became accepted by her classmates and was able to
recelve acceptance not only from them, but also from
the teacher and ultimately from herself. While with-
drawn children need approval even while they can’t
welcome it, acceptance can be the dynamic, growing
approval needed for healthy relations.

Disruptive children tend to respond to the way that
they have been hurt by acting it out. The child I have
just told you about came from a family of tenin which
she had no chance to express herself or to receive any
individual recognition. In other cases, the disruptive-
ness of the action can depend upon what is required to
elicit a response. When children are confronted daily
with the difficulties of a ghetto, this is complicated and
accentuated to an extreme.

When [ was a teacher at Public School 113 in Har-
lem, I was given a small group of fourth-grade stu-
dents that the other teachers couldn’t manage because
of their disruptive tendencies. I disapproved of or
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punished these children very infrequently, but rather I
tried to create for them a special situation that would
utilize the intensity of their energy. I might say some-
thing like, “Let’s try something new; what would you
like to do?” Usually they would have no answer; then
I might suggest, “Let’s get some instruments and play
a rainy-day tune. Let’s listen to the drops fall and each

one of you make the sounds in your own way. Find
your own beat. Just put the sounds together so that
you enjoy listening to them, and then play with
them.” They played for awhile, then went off, with
my encouragement, to the kindergarten, first and
second grade classes to explain to their little brothers
and sisters about improvised music.

[ tried to do some reading with them. At that point,
although they were in the fourth grade, none of them
were able to read. They were uninspired to do so, and
had a strong aversion to books, particularly ones they
felt were for younger children. Here I'said, “You want
vour little brothers and sisters to learn how to read,
don’t you? The only books they can understand are
the ones written for children, not adult books like the
ones you use.”” Well, the ego-bolstering thoughts of
being older and partally responsible for others they
cared about was enough to interest them. The first
book I gave them was about medieval manners. It
began something like, “What would you do if you fell
through the roof of a Queen’s palace?” The children
responded with “Excuse me please, Your Highness,”
holding their pants legs out to the sides. This was a
marvelous parody by these “macho” children. They
were able to act unselfconsciously and to begin to
break down sexual stereotypes, as they indicated by
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their curtsies. After practicing reading and acting out
numerous episodes, they decided that they were ready
to go down and perform for the kindergarten class.
One returned shortly, tears rolling down his face,
“Teacher, they don’t listen to me.” I said, ““Man, now
you know the problems I have. What shall I tell you?
Let’s think about how we can make them listen, maybe
you can make them listen if . . .7

The most disruptuive children in the school had
become teachers. They had come to realize that they
were functional members of this social grouping and
individually were accepted for themselves. With some
inventveness, sensitivity and experience in interrela-
tions with children, formerly disruptive activities had
been, and again can be, translated into positive, satisfy-
ing ones.

Jeff: You've made numerous references to ecologi-
cal balance. Could you clarify this?

Sava: T use the phrase ecological balance as a way of
describing the enrichment and intrinsic integration of
those elements that [ feel all children need in order to
grow, just as one of your bioshelters at New Alchemy
can offer a balanced environment for plants. In an
enclosed area nutrients can be supplied and utilized
with sensiuvity. We brought seeds, compost, water,
plants, animals, and machines into our classroom.
These represent elements human beings have needed
always in their passage from childhood to adulthood.
The sprouting plant selects what it requires for its
development from its environment, balancing growth
with ecological restraints. The classroom should offer
optimal conditions for the children to attain within
themselves, with other individuals, and with the envi-
ronment. The evolution of particular modes of think-
ing, imagination and projection on interrelatedness can
be built and unfolded in such surroundings.

Within this situation, the teacher is a gardener, a
catalyst for growth, a nurturer. The sensitivity and
respect the teacher should bring cannot be over em-
phasized. The education of teachers should span not
only the learning of skills, but also an understanding of
the ecology of children. This must obviously be based
in part on the self-balancing in the teacher.

Jeff: How do you as a teacher bring this about?

Sava: I feel it’s important to have animals, of what-
ever sort, i the classroom and allow children to
observe them. So the adaptiveness of the animals can
be seen as meaningful, I try to see that their environ-
ment 1s made as natural as possible for them. My class
at P.S. 113 had a pair of gerbils in a “cage’” that was
about four by five feet and three feet deep. It conrained
earth and other natural materials like twigs, leaves,
feathers, grass clippings and the like, collected by the
children during our walks through the park. Back in the
classroom, we would decide what to introduce into the
gerbils’ “cage.” The children consulted on every aspect
pertinent to the life of their “pets,” giving rise to on-

going social interactions.

At one point, much to our delight, one of the gerbils
appeared to have become pregnant because the other
one, the male we thought, selected all the softest mare-
rials we put in the “cage,” shredded them up, and, with
the Mama gerbil’s help, used them to line one of their
burrows. And there was the nest, well-padded and
protected from drafts. The next morning when we
came 1n, we all stared incredulously at a magnificent
gerbil city which they had built with the materials that
we had given them. They had separated the materials
and then either stored them away or used them for a
variety of purposes. The gerbils had formed bridge-
like structures by matting together some of the twigs
and had dug an intricate maze of tunnels through the
earth.

The children felt they had discovered how a gerbil
might behave in natural surroundings. They began to
ask questions about where gerbils live and what their
life is like. We searched through numerous books.
Through their absorption in the gerbils, the children
used their perceptions as metaphors in telling and writ-
ing stories, in composing songs and in painting.

One day we made tapes of the children telling stories
of what they’d like to be when they were older. One
boy wanted to be a fireman, a girl wanted to be a
mother or a nurse. Then a boy started his story,
“When [ grows up, I wants to be a Papa gerbil. Papa
gerbil does the most beautiful things in the world. He
builds tunnels, bridges and a house. He loves Mama
gerbil. Whenever he passes Mama gerbil’s room, she
sticks out her head and he kisses her and gives her a
carrot. I'm sure when the babies come, they’re gonna
be happy. When I grows up, I wants to be a Papa
gerbil.”

It was very moving. As tribal people who admire
and 1dentify with the bear or the hawk, our children
had developed a larger understanding based on their
experiential involvement with the gerbil.

Not long afterward, Mama gerbil gave birth to five
babies. Watching over the gerbils gave the children,
each in her or his own way, anadmirable and desirable
image of the family—a story grounded in life out of
which everyone created a personal moral. Children
often reject moralistic books written for them because
they feel manipulated. In our case, the children were in
touch with the environment, the gerbils and with each
other. I didn’t have to warn them about drowning the
gerbils, for example. The children saw that the gerbils
needed a certainamount of moisture to be comfortable.
[f the ground was too wet, their tunnels collapsed. Ific
was too dry, they crumbled. The children learned to
measure more exactly and appreciated the importance
of exactness in applicable instances.

The children had learned something about nature
and their coexistence with it. They used materials,
math, writng, painting, music, drama, and themselves
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to further integrate their understanding. It was com-
pletely self-motivated. They became more aware of
their own feelings and potentials, of other people, and
of course of nature.

Later the principal asked me whether I would wanta
school like this in which the children would be there
twenty-four hours a day-—my answer was no. [ feel
that children belong to the people and to the society in

which they have been brought up. They should not
become withdrawn from their way of life. That is not
the purpose. The purpose rather is for them to carry
the excitement and the message of their education back
to the people with whom they live. In this way 1t
might not bean isolated experience, but be extended to
help to create a way of life.
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Reflections on the Chilean Civil War

Fraucisco Varela

This article is the transcript of a talk given by Francisco
Varela at the Lindisfarne Fellows Conference in June, 19758.
It was subsquently published in the Lindisfarne Letter (8)
and is reprinted here through the courtesy of the author,
William Irwin Thompson, and the Lindisfarne Association.

[ can't really ralk about the Civil War in Chile without
being very personal. And therefore, [am quite uncasy
talking here today, because [ haven't spoken publicly
onthis matter since those events, five vearsago. [ guess
in this group of people and given the circumstances, 1t
1s somewhat possible to do 1t now. Bur I have never
done 1t. T would be much more comfortable ralking

abourt differential equations, or the limbic system, or
something. So vou will have to bear with me, because
it 1s not the kind of thing where I can prepare some-
thing very logically structured.

So [ guess [ am just going to use the broad paint-
brush and draw a few images for you. However, |
don’t think 1t would do us any good to have just a
bunch of anecdotes or experiences without any con-
rext. So I would like to proposc a context for these
ideas or cxperiences: what these experiences have
meant to me, on the basis of whar we have heard at chis
conference yesterday and today. You see, my basic
bras, my fundamental narrow-mindedness, is thar |
don’t believe we can ralk abour a world view, or any
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representation of what the world is, without at the same
time observing and critically examining how these
ideas come about. No content should be divorced from
where this content has been produced. This goes
under the name of epistemology. And so I would like
to do a little epistemology.

I take epistemology quite seriously. I think it does
matter. [t is nota game or a fine pastime. Very specifi-
cally T want to go back to yesterday. And I want to
make a distunction which I was very disappointed we
did not make yesterday. Maybe there was no ume. I
want to retake the question of energy as an example of
what I mean by getting us into a frame of mind about
our ideas, which would include an epistemological side
to it. The energy issue can serve as my example,
because it was discussed yesterday and it thus becomes
more tangible. And in that sense I want to makea very
clear distinction between the kind of picture that How-
ard Odum was presenting to us and the kind of picture
that Amory Lovins was presenting to us. They are
fundamentally distinct: What Lovins was saying is
something I can relate to and side with in many ways;
Professor Odum’s point of view [ consider, in many
respects, nonsensical. [ am sorry he is not here, because
I would have loved to have him hear what [ have to
say; in fact, one of the reasons [ can say this at all is
because we are in a gathering of friends, and he was
present.

Now, why do [ make this distinction? Well, because
Odum’s position about energy contains in a nutshell
what I believe are the most dangerous hangovers of a
kind of world view based on a purely mechanistic
observer-free science and philosophy. Take, for exam-
ple, his notion of the quality of energy in analogy with
food chains: as you move “up’in a certain direction,
you increase the “‘quality” of energy. And it’s this nice
exponential that he draws; that the President, with the
negligible energy of pushing a button, can blow up a
whole continent. In more specific terms the way he
draws it is by having a system with a source and a
waste, then somewhere here in the middle, in the flow,
there 1s a nice little symbol which he calls order. You
can call it information. This, for me, flattens out com-
pletely what I would consider what information can
possibly be. Because order and information are not
absolute concepts. They depend on the system that 1s
being described, and on the describer that sees it.

If T am going to take literally what Odum is saying,
then energy somehow decreases and gets to the point
where it is packed with information. We ask, what
kind of information is this? Is that the bureaucracy? Or
is that the power of the media? Or is that the power
of the workers? Whether 1 see the bureaucracy as
having the information or the media as having the
information, or the workers as having the information,
these are very different points of view. I am not saying
that one 1s particularly better than the other. Depend-

ing on where vou are, order and information are going
to mean different things to you.

In a compact form [ could say that order is nothing
more than my ability to distinguish a pattern. And
randomness, by contrast, 1s my inability to distinguish a
pattern. There 1s nothing “in” nature that 1s order, and
nothing that is chaotic. There is for us the possibility
of making some distinctions and drawing some infer-
ences. And that says more about what we are doing
than about what poor Mother Nature is supposed to be
doing. If I show you a piece of paper and you say that
it is a dirty picture, it says nothing about the paper, it
says a lot about you. Similarly, if I say that there is
order in society, it says nothing about where that order
comes from, or how it is specified. Who is specifying
that order? To put in continuity energy and informa-
tion flattens out the most essential aspect of both.
These notions are a reflection of a point of view, a
reflection of a human stance, a cultural tradition which
we all have, and in which we all move. Each of those
views of order and information is going to come from
such a tradition and is going to produce nothing else
but another interpretation of that tradition. And it 1s
not going to constitute a description of a state of affairs
in any sense of outside, in any sense of out there.

[ am claiming, in direct opposition to Odum, that
information and energy have little to do with each
other. Energy says as much about information as, say,
block print will say aboutlanguage. There s obviously
the need to have some sort of structure, of a concrete
physical conveyor, of a certain action that we classify
as informative. [t says nothing about what the inform-
ative act 1s all about. And to put those two levels
together is to fall into the trap of the old objectivistic
ideology. I believe that when it comes to 1ssues like
energy and information, particularly information, we
need to bring to the foreground, and not to flatten out
in neat block diagrams, these questions: Where 1s infor-
mation generated? How 1s it generared? By whomis it
generated? In this [ am, you know, a student of Greg-
ory Bateson, who is, as far as [ know, one of the few
people who really argued about this, as a lonely voice
in the desert, for many years. Well, it’s about time for
him to be not so lonely. When somebody says things
such as Odum did in this kind of a gathering, 1t’s time
for us not to just sit and relax and say, “Isn’t that all
very groovy?”’ Maybe he was using the analogy be-
tween energy and information in a metaphorical sense.
It can be taken that way. But it contains a lot of
technological assumptions that [ don’t think we can
just let go unchallenged. Now, Iam taking obviously a
somewhat opinionated position. It is not that [ am that
convinced about it, but given the kind of group that
this 1s, I thought that I might as well be somewhat less
nice than I tend to be.

Energy itself is a concept that 1s rarely questioned at
all. We forget, for example, that energy as a concept
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has all the connotations of organicaction at its origin in
the seventcenth century. That's what energy means
also, ctymologically. It is usually forgotten that the
discovery (or the so-called discovery) of the notion
that one form of energy can be converted into another
1s a very mnteresting case of how a world view can, all
of a sudden, be congealed into a solid perspective, and
that people become completely oblivious to the ori-
gins. Tom Kuhn has written a marvelous paper on the
1dea of the interconversion of energy as a case of simul-
tancous discovery, how, within a period of three
years, many people stumbled upon the same notion
that [ can take light or electricity and somehow find an
interconversion factor with heat or with other forms of
cnergy. Now, 1t 1s a historical fact that many people in
Furope stumbled at the same nme upon the notion that
vou could define this factor of interchangeabiliry.
That’s what people were looking for. But that becomes
an operational meaning; so many calories can be con-
verted mto so many watts or whatever, there 1s a very
definite relationship between the two. How Iinterpret
that 1s an entirely different marcter. And it was in the
fancy or frame of mind at the end of the nineteenth
century to project the possibility of interchanging dif-
ferent forms of these forces that we call energy, to
project that possibility of transformation, into a uni-
fied notion that energy is a fundamental “substance”
out of which the universe is made. That is very nice
metaphysics, but it 1s neither more nor less than that. [t
1s not a statement about the ultimate picture of the
universe. As a matter of fact, if you read, for example,
Feynman’s Lectures on Physics, published in 1965, he
has no qualms in saying, in effect: “Look, I don’t
know whatenergy is. [ haven’t the faintest idea. All we
know 1s that this frame of mind (of looking at different
forms of measurement, these different forms of
phenomena, and seeing that they can be converted into
one another by some quantitative factors) is a useful
one. So I go along with it. But don’t ask me what
energy 1s. [ don’t have the slightest idea.” When good
technologists forget Feynman’s point and go along
with the notion that the universe is fundamentally
made out of energy, their quantitative point of view
says that we have an energy crisis. ['say wedon’thave
an cnergy crisis. We have a crisis in our ideas about
energy. Obviously, again, I am being one-sided about
this. The case can be argued on the other side. But I
won't.

Well, why does all this have anything to do with
Chile?

Well, it has to do with Chile, because the Civil War
gave me the experience that epistemologies are not
something abstract to be given over only to historians
of science; epistemology creates the kind of world that
we live in and the kind of human values that we have.
Not to beaware of the fact that we construct this world
perspective  with an epistemology is even more

dangerous than a bitter argument between two
philosophies. And I was trying to make a case for this
in the example of energy.

You see, here the whole thing becomes personal.
Chile was, for me, a process of understanding, in the
midst of a traumatic social transformation. Only then
were these 1ssues made apparent to me, or at least that
was my lesson from the process. And to my surprise
when I left my country, I realized that whatever
happened in Chile had acquired somewhat of a
mythical connotation, had become somewhat of a
paradigm. A lot of people were so interested in it that it
was hard for me to understand why, until I saw that it
1s a capsule statement for many similar situations,
locally, nauonally, and internationally. A friend of
mine recently gave me a book of poems about Chile.
It’s entitled For Neruda, For Chile, and the most
interesting thing about the book wasn’t what was
printed, but what she wrote on the cover of the book:
“There 1s not such a thing as a personal story.” This
seems to be quite true. Everybody’s story becomes our
story, and some of them seem to resonate more than
others. So I guess this is why I thought it might not be
idle to convey to yousome of the experiences in Chile.

Chile 1s a strange country. [ cannot separate it from
its landscape. You go to Chile to find yourself in the
middle of a mountain and at the edge of the sea. You
cannot get away from that haunting sensation of being
sort of dangling almost out of nowhere, with only
about two hundred miles to move across. The fact that
1t 1s such a long country, going almost all the way from
the equator to the antarctic, gives one the feeling of
being 1n a long corridor. That gives the Chileans a
character somewhat different from that of other South
American peoples in the Inca-based countries (Peru,
Bolivia, Ecuador) and very different from heavily
Furopean-influenced Argentinians. Argentina is more
like the United States than any other South American
country. Chileans, by contrast, are very withdrawn—
a somewhat melancholic people used to the rain and
cold. One of the most impressive things about the
country 1s the Chileans’ love for poetry. For some
reason, everybody mn Chile writes—or at least loves—
poetry, and poets are the best national heroes. I have
never been to a country where ten or twelve major
poets are sold together with the porno magazines and
Donald Duck. Well, that is partly what the country is.

In 1970 came the well-known election of Allende,
the first Marxist politician ever elected in a free
election. The thing to realize here is that the 1970
election cannot be taken in 1solation, cannot be taken
out of context, but must be seen in a forty year or
forty-five year long and slow-moving growth of a
broadly based worker movement. When 1970 came,
Chile probably had, percent-wise, the largest
organized labor force in the whole world. Literally
halt of the workers were part of active political
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movements and had been involved for years in the
labor movement and in labor participation, so that the
level of political sophistication 1s something unusual in
South America. Allende wasn’t an accident, he wasn’t
a weird thing, but the conclusion of along processand
a long tradition.

Now, I supposcit is very hard to convey the sense of
what the clection generated for all of us, the sense that
everything was possible. The 4th of September, the
night of the election, I remember everybody poured
out onto the street and started jumping like kids. For
about two hours you could see 500,000 people jump-
ing up and down like kids. We had a sense of a tre-
mendous opening, a tremendous hope. I won't make a
political analysis of the three years of Allende, because
[ couldn’t do it. I'm not really a poliical scientist.
Others probably would know much morc about 1t
than I would. But what T do want to pamt for yvouare
some of the events during those three years, the
general way things began to go, and what forces were
brought to bear upon it, internal and external. From
this sense of opening and exploration, what began to
happen was the development of polarity: in other
words, polarity in terms of either supporting, being on
the side of or against the movement, not the
government, particularly. That’s another misconcep-
tion that [ always find. The government wasn't so
important as the parties behind the government. The
coalition of parties was an indication of the kind of
political mentality prevailing at that time. Allende
wasn't caudillo. He wasn’t a leader per se. He was the
head of a vast force, a political party. And that was
what really carried punch. So polarity revolved
around siding for or against the popular fron, which
by 1973 was about 43 percent of the vote. It quite
literally split the country m two.

[ cannot be emphatic enough in saying that this 1s
literally splitting it in two. You could go to the
newsstands in the morning and one newspaper would
say “It’s raining,” the other would say “It’s not
raining.” “A is a son of a bitch”; “A is the king of the
universe.” It was literally like that. And you know,
three years before, these two were reasonable news-
papers, who agreed that a table 1s a table and blue 1s
blue. But by 1973 this was not possible any more.
They couldn’t literally agree on anything, the time of
the day or the color of the sky. It was absolutely and
right down the middle a complete split. And that sense
of polarity created a sense of “we’re right,” or “they
are right.” The polarity created a continual exaggera-
tion of the sense of boundary and territorialicy: “This
is ours; get out of here.”

For me, this was the time at which things began to
get very, very confusing. [ started out being very
supportive of the whole thing. I worked pretty hard,
like many other people, doing what I felc was possible.
[ was doing nothing fancy. I wasn't ever a high official

in the government; I was just doing my sort of
grassroots work. But by the second year the polarity
began to develop, and [ began to have my serious
suspicions, to doubt whether this was making sensc or
not. I couldn’t believe that the other guyvs, on the other
side of the fence, were so bad, stupid, wrong, immoral,
ugly, and so on and so forth, as I was supposed to
believe. There was something that wasn't jibing
any more. And [ was very, very confused by the whole
thing and caught in a dilemma of loyalty to what I felt
was essentiallv my people, my friends who were into
this together. I mean, I wasn’t apt to jump out of the
boat, but [ was beginning to losc my whole
conviction, my whole commitment to the idea of
defending this thing.

That was the state of affairs in which [ was by the
end of 1973. I didn't have any sense of understanding
atall. I was in the uttermost confusion about the whole
thing. And the only thing that was keeping me going
was simply a sense of solidarity. I remember walking
down the streets the first days of September, having a
burden on my shoulders, I guess like everybody clse. [
had a sense of impending doom and no understanding
any more of what this was all about. Where did it all
begin? I don’t know how to say it vividly enough; it
was absolutely and completely chaotic. In the literal
sense of the word chaotic. There was no possibility of
distinguishing any order or any rule any more.

So it 1s Tuesday, September 11th, 1973. Tt 1s not
raining, but the radio says it is raining. lam waking up
in the morning at around 6:30, taking my litte
daughter to her nursery school and the radio keeps
saying ‘“‘it is raining,” but 1t is not raining. 1 thought:
These guys are crazy. And as [ am walking out of the
house to take my car, the young neighbor runs across
the street and says; “‘Don’t you know?”” “No, [ don’t
know.” And only then did I learn that half of the radio
stations are taken over by the army. And they are
broadcasting their decision to overthrow the govern-
ment. Then [ remember- -stupid of me ~that the code,
“It’s raining” means that a coup has begun.  had been
told that about a month before and had forgotten. So |
take my daughter back to the house and take the restof
the family to a next-door neighbor, who was a very
quiet person. And 1 go to join, as it was agreed, the
people that [ was working withatthe university to see,
vou know, whatever is to be done. Supposedly 1t 1s
civil war, so everybody is assigned certain tasks. So 1t
is ten o'clock in the morning, and three-quarters of the
radio stations are already taken by the army. And
we're all sitting; we are supposed ro be watting for the
instructions to do whatever. But no instructions come,
We all sit there with the same sense of impending
doom, not believing that this 1s happemuing. The waris
still an abstract thought, still something that 1s not
really happening. We have never had a war in Chile
before. [ have never seen a war. Nobody has everscen
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the army on the strects before. Nobody has ever seen
the police be anvthing except very nice people. So
there 1s no frame of reference. This 1s abstract.

So it’s ten-thirty in the morning, and most of the
radio stations, cxcept one, are already taken by the
army. And [ begin to sce ranks rolling down the
streets, and [ begin to see wagons loaded with soldiers
driving down the street, and 1 begin to see the
airplanes, war planes, flying over the cicy. And I begin
to recognize that funny sound of submachine guns,
distant from where T am. It 1s eleven o'clock in the
morning, and we know that every faction of thearmy
has turned against the government, or those that
haven’t have been isolated. We know that the
President has decided not to surrender, but to stay in
the presidential palace, and they give him an ultimarum
before bombing. So we know that there is no wav
back. Bullets are already screcaming over your head, so
vou know that the war is not abstract. It has a very
concrete sound to it, that funny whistle of the bullet,
that vou can’tlocate excepr after itis gone. Andstill we
don’t have instructions. So the local leader decides that
we are to disperse to different places and hide out until
we recetve instructions. So [ go with four other friends
to a place in which we are going to hide out and wait
unti] the moment to do something comes. We must
walk, oh, twenty blocks to where we ought to go. And
as [ walk out, the reality of war becomes alreadv vivid.
I sce a tank bulldozing over a wall in a factory that 1s
occupied by some twenty-odd people with some light
guns. The tank blasts through it and turns around the
thing after 1t 1s blasted, so I see some twenty or
twenty-five people, the first twenty-five or so people,
in which polarity 1s not any more an abstract idea but
twenty-five people whom I can hear. [ am scared. [
have never been in a fight before. T hardly know how
to use a gun. Down the street, a couple of blocks away
from where [ am, 2 man runs down the street to the
intersection, and as he reaches the corner, [ see coming
from the other end a soldier who riddles him with
bullets. So we keep walking and we finally get to the
place where we are supposed to go.

Now, at this pomt, one o’clock, the presidental
palace has been bombed. We can stll see the Hawker-
Hunter plane hovering around not only the palace but
other important places in the city. And we know that
the rug has been pulled from under us, that there is no
sense 1 which we know what 1s happening any more.
There are no instructions. There is no government.
The military, whom we had scen before as somewhat
respectable people, now we cansee that they are not. [
remember very well that the soldier, whom I saw
machme-gunning the other fellow who was running
down the street, was probably a ninetcen-yvear-old
boy from somewhercin the south. A typical face of the
people of the south. Probably, if youhad met him two
months before in a bar, vou would have had a swell

conversation—a sweet boy. He couldn’t be more than
nineteen, vet I could see in his face what I had never
scen, a strange combination of fear and power. So
those people I don’t recognize any more; I don’t know
their faces any more. We are all stranded in this place,
and we know that there is simply no hope. If they
decide to come after us with automatic M-2 rifles, the
best you can hope for is not to be treated too roughly. So,
it 1s three o’clock 1n the afternoon, and the whole city
has been vacated. There i1s nobody on the streets,
because curfew has been imposed. The only thing you
can hear 1s the constant rattle of the machine guns, a
sound that you hear for the next two weeks, whichby
now is a familiar sound to me. And you start waiting.
And there 15 no radio, no communications. So I waited
Tuesday afternoon, Wednesday morning, Wednesday
evening, Thursday morning, Thursday afternoon.
Curfew 1s lifted. So we can go out. But those days we
wait with that strange sense that youdon't know when
vour last moment will be. Anytime they might come
in, and that’s going to be it. So you have that funny
relationship with people, knowing that you might be
doing the last thing you will ever do, you might be
saying the last thing you will ever say. So what do you
say? Lictle silly things. You draw little figures on the
foggyv windows.

For me, at that tume, the ground had been pulled
from under me. Nothing else was left to hold onto. At
the same ume a very funny and contrary process
happened; as things got more and more chaotic, the
evidence of what a war 1s, there was a strange form of
clarity coming more and more, a strange form of
understanding, which I can’t really express. I suppose
1t 1s somewhat like a semi-dream state. At the same
time 1t was very real, because in this room with these
people I could literally see how this whole thing
wasn't me here and they there. But [ could literally see
how the army, and that nineteen-year-old boy
shooting somebody down, wasn’t distinct really from
me. [ could somehow contemplate that murder with a
sense of brotherhood at the same time. Polarity wasn’t
any more this and that side, but something that we had
collectively constructed. Literally a collective action
that we had all done. As this became more and more
clear to me, 1t dawned on me that whatever my stances
had been, my opinions had been, or whatever
somebody else’s opinions had been (and the workers’
opimions and what not), were fragments that
constituted this whole, this complete mandala of sorts.
That all of a sudden it revealed a craziness. Total
craziness. I mean, this 1s somewhat as when literally
someone 1s really crazy. You see the mind completely
out, the brain turned upside down or inside out. Well,
this was like that, except this wasa whole country, ora
whole city of three million people. That’s what my
actual experience was; three million people being
turned upside down the same way. And vou sce the
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craziness, the way in which there was a collective
pattern in which [ was responsible, everybody was,
and in which my views couldn’t any more signify
anything except that piece of a larger puzzle for which
I really didn’t have any answer.

So, it might sound strange, but Wednesday night I
gavein to it, and [ sat down and wrote some twenty or
so pages that I entitled “The Logic of Paradise,” be-
cause it seemed to me for the first time that this had a
logic to it. The whole thing had an intrinsic logic that
was essentially good, in that it gave me a handle on what
paradise is, for the first ume. [ know that might sound
strange, but that is what it felt like-—that being rooted in
the complete chaos and mass killing, out of that was
emerging a completely inverse understanding. And |
was too scared or something to resistit. Sosomehow it
just got transformed into those pages.

Now, that experience is what was given to me, is
what I have had to deal with ever since. Because 1t
revealed to me the connection between the world
view, political action and personal transformation. It
revealed to me, in a way that [ knew but really didn’t
know, that I somehow vaguely understood buthadn’t
experienced, that unless I was able to cut through my
sense of identity and attachment and identification
with what I believe are my ideas, my things, my
territory, my limits, [ had no hope of understanding
what the hell was going on. And it literally turned my
life inside out. Whar that experience told me was:
“Unless you build on the foundation of working with
that sense of spirituality, (what later on I began to
understand was what religions are talking about) unless
you build on that base there is simply no hope of
understanding.” [ have found, for myself, expression
of that understanding in Buddhist practice. [ cannot
separate that practice, that sense of working with the
contemplation of how my mind and my actions
generate and operate. I cannot separate that from
political action and from what my understanding of
the world is. 1 suppose this 1s why [ become so
passionate about issues on epistemology. Because
epistemology does matter. As far as I am concerned,
that civil war was caused by a wrong epistemology. It

cost my friends their lives, their torture, and the same
for 80,000 or so people unknown to me.

So it is not an abstract proposition for me when Isay
that we must incorporate in the cnactment, 1n the
projecting out of our world views, at the same time the
sense in which that projection is only one perspective,
that it is a relative frame, that it must contain a way to
undo itself. And unless we find a way of creating
expressions of that nature, we arc going to be
constantly going around the same circle. Whether that
can be done or not [ do not know. Burif it can be done
at all, it can be certainly done with a group of people
like this. My deep conviction 1s that we must try to see
to what extent our political views and our projections
on the world can express this form of relativity, the
fact that every position we take will also contain the
opposite one. That ultimately | cannot follow a form
of political action that 1s based on truth any more. |
cannot say that my political stance 1s true as opposed to
yours, which 1s false. But every political stance
contains the elements on which the truth of the other s
based, and that all we are doing 1s a little dance. Sure, [
have to take this side, and that 1s cool, but how do 1
really embody in that action that [ acknowledge the
importance of the other side and the cssenual
brotherhood between those two positions? How can |
go to Pinochet and say, “Hello, my brother?” I don’t
know. I don’t think that T am that enlightened atall. |
wouldn't be able to do that, but in some sense [ realize
that 1s a great limitation. That should be in some sense
possible. '

[ am going to end here by summarizing this theme
that is one of my major concerns: I don’t believe any
more in the notion of a cultural revolution in the sense
that one form of politics and knowledge and religion is
superseded by a new one. If I am interested in doing
anything at this point, itis in creating a form of culture,
knowledge, religion, or politics that does not view
itself as replacing another, n any sense, but one that
can contain in itself a way of undoing itself. If we are
not here to do that, I quite frankly would rather go
skiing.
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