Advance praise for

Eating Fossil Fuels

People eat — and this book explains in the most lucid way what
they eat: namely the product of energy-intensive agriculture. It
finds that the Green Revolution, hailed as a breakthrough by
which to feed an exploding population, actually degrades the
ecosystem, making us ever more dependent on energy inputs
from oil and gas. But oil and gas are set to deplete to near exhaus-
tion this century. The challenges are great, but there are solutions.
Thisbook iskey reading for those wanting to be counted amongst
the survivors.

— C. J. Campbell, Chairman, The Association for the Study of
Peak Oil (ASPO)

In retrospect, the industrialization of agriculture was one of
the greatest blunders in the history of our species; as Dale Allen
Pfeiffer shows, it is a mistakethat can be undone— and, given the
imminent peak in global oil production, must be undone as soon
as possible. Theworld's addiction to oil is as personal and prosaic
as what's on your dinner plate and how it got there. Thisis abook
of enormous importance.

— Richard Heinberg, author of The Party's Over, Powerdown, and
The Oil Depletion Protocol

Eating Fossil Fuels is a wake-up call for humanity. It traces how,
with industrialization and globalization, we have stopped eating
real food and have started to eat oil, increasing the fossil fuel con-
tent of the food chain and threatening the environment, our
health and our future. Pfeiffer shows how creating fossil fuel-free
ecological and localized food systems has become a central chal-
lenge for sustainability, and how you can help make this shift.

— Dr. Vandana Shiva, author of Earth Democracy: Justice, Sus-
tainability, and Peace and Solen Harvest: The Hijacking of the
Global Food Supply
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Foreword

1 WAS FORTUNATE in meeting Dale Allen Pfeifer this spring at
a Peak Oil Conferencein New York: Local Energy Solutions. | re-
call being struck by his factual, measured presentation and his
analysis of key responses required in order to meet the challenges
we face as a global community. A key theme was local responses
and Dale presented a range of appropriate local responses perti-
nent to the general themes of food, energy, shelter, water and
economy: themes that are the core focus of this book.

Subsequently, | learned of Dale's long familiarity with the sub-
ject of Peak Oil and his work to alert the general public to its far-
reaching implications. It is heartening to me that we find much
common ground in our assessment of needed response. He has
taught me much about the realities of geology and exploration,
and where this places us in terms of our fossil energy future.
Having seen U.S. military hardware protecting the Oil Ministry
building in Baghdad in 2003 while other ministries were bull-
dozing the remains of burned and looted files from their parking
lots, | have some appreciation for the petrochemical influence on
foreign policy processes and the human implications of resultant
actions.

| approach the current situation from abackground in ecology
and over adecade of work in the broad field of international disas-
ter response and 'development.' My first international aid-related

Xiu
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work was in northern Iraq between 1992 and 1995. My observa-
tions of the patterns of aid response from the ground through the
1990s led me, in 1999, to seek out a system that would integrate
people, environment and design in a holistic manner. | was con-
cerned that much of what we did mirrored unsustai nable systems
derived from the cultures of countries that provided the 'solu-
tions,' or was simply lacking in an integrated design perspective. It
was in this way that | came to do my first permaculture design
course: the 72-hour intensive course based upon a curriculum de-
veloped by permaculture founder, Bill Mollison, first taught in the
early 1980s and subsequently enriched by the work of many.

Permaculture is a contraction of two words: permanence and
agriculture, or culture as there is no true culture without perma-
nent agriculture. It is adesign science that uses natural systems as
the model for creating productive systems with the resilience, di-
versity and stability of natural ecosystems. Based on the founda-
tional ethics of earth care, people care and return of surplus (fair
share), permaculture works as alinking science with a set of core
principles derived from nature. The outcome of good design isto
minimize our footprint through efficient and harmonious use of
resources in the creation of systems that are mutually supportive
of key functions or needs. It rests firmly in an understanding of
the energy equations highlighted within this book as a basis for
design.

A sustainable system is one which, over its lifetime, produces
the energy required to develop and maintain itself. In an agricul-
tural context, this means that the system must be actively building
soil and'ecosystemic' (supporting functional ecosystem services).
Broad-scale industrial agriculture as popularly practiced today
has moved out of balance in terms of an energy audit, environ-
mental impacts and the quality of the products as shown in chap-
ters 1—4 of thisbook. Whenever wework outside of anatural scale,
our systems become energetically chaotic and damaging. Like-
wise, aswe harmonize with natural patterns, we are ableto return
to abundance.

Polycultural (mixed) production systems can easily be de-
signed to produce 3-10 Ib of food per square foot: many times that



Foreword | xv

gained by current industrial agriculture, but with increased need
for human involvement as designers and workers and partnering
with biological systems. This can be achieved by shaping land to
maximize natural water function and storage in the soil, using
legume (nitrogen fixing) plants and trees within the system, and
majoring in trees and perennial plants as the main productive
crops rather than annual crops. The'secret' to doing thisis notin
any one thing but in a beneficial linking of functional elements
within an overall design: stacking plant functions in time and
space, using combinations of plants that are mutually beneficial.
It involves actively promoting healthy, balanced life within the
soil by cover cropping, using mulch and generally exposing soil as
little as possible whilst allowing on-site organic waste to return to
the soil cycle.

As our global population reaches 50 percent urban, there is an
urgent need to return food, fiber and materials production to the
cities. As Dale has clearly pointed out, the U.S. urban population
(and many in more rural settings) is currently highly food inse-
cure due to alack of local food production and networks. Solu-
tions for cities include the return of organics and humanure to
bioregional growing systems, increasing tree and perennial crops
within open and green space, using vertical space on building
structures for growing systems and climbing plants, and under-
standing how to work with microclimates that can be created in
the unique urban environment. Water can be directed to ponds
and growing systems rather than the traditional manner of run-
ning it out of the system using the shortest path.

Permaculture teaches us that our first task is to take responsi-
bility for ourselves and those we love, and the way in which we
provide for our needs. Becoming actively and positively engaged
in meeting our needs and linking with or developing a broader
community isanatural outcome of such awareness. Thetoolspro-
vided in the last chapter of this book provide an appropriate place
to begin. Just asthe cellsin our bodies have banded together to get
smarter by sharing awareness of environmental and other factors
and cooperating in response (Bruce Lipton, 2005, The Biology of
Belief), so our challenge on the macro level isto do the same.



It matters not what we call what we do so long as it conforms
to ecological patterns, works with human communities and is ap-
plied, shared and replicated where relevant. That is our urgent
task and one which we may relish as we share and apply proven
solutions that work. Such sharing may occur using bioregional
models for organizing resources in sensible patterns in relation to
place and those who live there — and applying broader climatic
design models across areas of similar climate. |n this manner, we
are encouraged to work locally and share our models globally in
areas where they are relevant.

Andrew Jones
Baja California Sur
July 2006

Andrew Jones works as a sustainable designer, project implementer
and teacher using a permaculture framework. Holding a degree in
Ecology and postgraduate studies in Environmental Management
and Development, he has worked in an international aid and devel-
opment context since 1992, including sustainable business initiatives
in the US since 2001. Currently based in Brooklyn, NY, he is a board
member of the Permaculture Research Ingtitute and involved in a
range  of international permaculture initiatives.



Introduction

ﬁHE GREEN REVOLUTION, which began in the 1960s, did not
cure world hunger. But it did transform food production into an
industry, and allow for the consolidation of small farms into what
have become the large agribiz corporations. While the abundance
of cheap food that resulted did nothing to alleviate world hunger,
it did allow the human population to grow far in excess of the
planet's carrying capacity.

The Green Revolution achieved all of thisby making food pro-
duction extremely dependent on fossil fuels. The globalization of
food production during the 1980s, 1990s, and on into the new mil -
lennium has finished the job of demolishing localized agriculture.
Globalization has given us access to exotic foods and crops that
may be out of season in our locale, but it has done so by increasing
thevulnerability of food security. If global food shipmentswereto
stop tomorrow, we would no longer be able to feed ourselves.

The Green Revolution and the globalization of food produc-
tion were fostered by the availability of cheap, abundant hydro-
carbon energy in the form of oil and natural gas. The fertilizerswe
feed our crops are generated from natural gas, and the pesticides
that protect our monoculture crops from devastating infestations
are derived from oil. We are dependent on the energy of oil and
natural gas to seed our crops, maintain them, harvest them,
process them, and transport them to market.

1
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The intensive practices of industrialized agriculture quickly
strip the soil of nutrients and deplete easily accessible water
supplies. As aresult, the need for hydrocarbon-based inputs must
increase, along with increasingly energy-intensive irrigation.
Without hydrocarbons, much of the world's farmlands would
quickly become unproductive.

Yet hydrocarbons are a nonrenewabl e resource, and growing
evidence indicates that world hydrocarbon production will peak
around 2010, followed by an irreversible decline. The impact on
our agricultural system could be catastrophic. As the cost of hy-
drocarbon production increases, food could be priced out of the
reach of the majority of our population. Hunger could become
commonplace in every corner of the world, including your own
neighborhood.

The solution is to relocalize agriculture. We need to rebuild
our local food production infrastructure. Agribiz corporations
are not going to do this, and their client governments refuse to
recognize the problem. It is up to usto resuscitate localized agri-
culture through the development of a grassroots movement. This
book will give you a glimpse of the efforts needed to relocalize
food production, and will provide you with contacts for coopera-
tives and organizations in your area that are already working
towards this goal.

If we can build a grassrootsrelocalized agriculture movement,
then we may be able to cushion ourselves against the coming de-
cline of hydrocarbon production. Given a sustainable agriculture,
our population would be able to decline with a minimum of
hardship until our numbers are below the carrying capacity of
the planet.

In that regard, we are talking about the ultimate diet plan, and
this isthe ultimate diet book.

DaleAllen Pfeiffer
Irvine, KY Appalachia
M arch 2006



Food = Energy + Nutrients

HVERYTHING LIVING DEPENDS on energy, which is-re-
plenished through some food source. Without energy, we would
literally run down until our bodies failed. Plants take their energy
directly from the sun, via the miracle of photosynthesis. Plant
cells use chlorophyll to turn the sun's energy into carbohydrates,
which store that energy in molecular bonds that can then be used
to do biological work. Animals, in turn, must feed on plants or
on other animals that have, themselves, fed on plants. And
decomposers like bacteria and fungi feed on the detritus and
dead bodies of animals and plants. In a way, you could say that
this whole wonderfully complex biosphere with its intricate
web of relationships is simply a circulatory system for solar
energy.

Millions of years ago, around the time of the dinosaurs, during
a period of global warming, the sun's energy gave rise to great al-
gal matsin the oceans. These were huge colonies of single-celled
plant life dedicated to self-replication and the conversion of solar
energy to carbohydrates. Over the centuries, dead algae rained
down on the ocean floor, where they built up a layer of organic
detritus. Eventually this organic ooze was buried under inorganic
sediment, and there it was compacted and heated over long peri-
ods of time, until the carbohydrates were eventually transformed
into what we now call fossil fuels.

3
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Where the detritus was subjected to temperatures above a
certain threshold, or where it was mixed with the remains of land
vegetation washed in from coastal areas, it became natural gas.
And where the detritus was pure and remained below the critical
temperature, it formed complex hydrocarbon molecules of con-
centrated energy content, which we now call crude oil. The hy-
drocarbon resources of this planet are actually a deposit of solar
energy made millions of years ago and processed over the passage
of time.

Over time, the climate altered and the algal blooms receded.
The age of the dinosaurs ended, to be replaced by the age of the
mammals. And eventually one branch of mammals evolved a
two-legged creature capable of abstract thought and the con-
scious manipulation of its own environment. Human beings de-
veloped not as the ultimate result of life on this planet, but asjust
another permutation of a biosphere given to creating ever-more

complex pathways for drawing out the process of entropy.

ENTROPY, LIFE AND FOSSIL FUELS

Entropy is a measure of the disper-
sal of energy. It measures how much
energy is spread out in a particular
process, or how widely spread out it
becomes. When energy is diffused,
it is unavailable to do useful work.
So, the higher the entropy, the less
energy is available to do useful
work.

All physical systems move from
a state of low entropy to a state of
high entropy. The amount of energy
available in a system is always less
than the total energy of the system.
Whenever energy changes forms, or
is used, a portion of it is lost to
entropy.

It is important to understand
that the total amount of entropy in
the universe is always growing, and
can never be diminished. We can
maintain the appearance of reduc-

ing entropy in a subsystem only by
bringing in energy from outside of
that subsystem and exporting en-
tropy. But the total entropy of the
universe will only increase.

Living things engage in a sort of
shell game with regard to entropy,
by hiding their entropy production
outside of their subsystem. But in
the end, they are really performing
a balancing act because they have
not reduced entropy, only shifted it
elsewhere. Life requires low entropy
and cannot exist in a high entropy
environment. Let us look at the
brewing process to illustrate the re-
lationship between life and entropy.

A brewer's vat full of mash is a
low entropy environment rich in
carbohydrates and sugars. When we
introduce yeast to this vat, they will
begin eating and multiplying. The



Food = Energy + Nutrients | 5

In the beginning, these human beings were hunters and gath-
erers. They existed, as did all other animal life on this planet, by
foraging plant food or by hunting other animals. Then, about
10,000 years ago, human beings made what is considered to bethe
most significant change in their history, the invention of agricul-
ture. By planting, tending, and harvesting crops on one piece of
land, human beings were able to produce more food than by sim-
ply foraging through their territory. Farming gave them enough
food to ensure that they would make it through the year without
starving. It gave them food security. The advent of agriculture
prepared the way for civilization as we know it.

Through agriculture, human beings were able to process and
harvest solar energy. The sudden abundance of agricultural pro-
duce led inevitably to population growth. The growing pop-
ulation, in turn, required an expansion of agriculture. And so
humanity began its first population explosion. This growth came
at the expense of other life forms, which were pushed out of their

growing population of yeast pro-
duces high entropy in the form of
carbon dioxide and ethanol. When
the vat exceeds some critical level of
entropy, the yeast will die off. Some
yeast will remain to feed on the little
remaining low entropy, but the vat
will never return to its low entropy
state without being emptied and
refilled.

Human beings have taken the
creation of entropy to new levels. It
would seem that the one thing our
socio-economic system does ex-
ceedingly well is to produce en-
tropy. The human brewing vat (and
our civilization) is currently subsi-
dized by abundant, cheap fossil fu-
els. Human beings grow on this
mash just as did the yeast in our ex-
ample, multiplying our numbers
and producing an abundance of

consumer goods. In addition, we
have produced high entropy in the
form of environmental degrada-
tion, garbage, pollution and global
warming. Now we are approaching
the critical level of entropy that will
result in a die-off.

To avoid reaching this critical
level of entropy, we need to slow
the production of entropy below
the level of incipient solar energy.
To do this, we must abandon the
dominant socio-economic system
based on constant growth and con-
sumption. If we exceed the critical
level of entropy, we will experience a
die-off just as the yeast did. Further-
more, as there is no way to reduce
entropy, we will never recover from
this die-off.
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habitat by farming and civilization. Photosynthesis sets alimit on
the amount of food that can be generated at any one time, and
therefore places alimit on population growth. Solar energy has a
limited rate of flow into this planet. For our purposes, the amount
of incoming solar energy is aconstant. And only a portion of this
solar energy is captured through the process of photosynthesis.

To increase food production, these early farmers had to in-
crease the acreage under cultivation and displace their competi-
tors. There was no other way to increase the amount of energy
available for food production. Human population grew by dis-
placing everything else and appropriating more and more of the
available solar energy.

The need to expand agricultural production has been one of
the root causes behind most of the wars in recorded history.
When Europeans could no longer expand cultivation, they began
the task of conquering the world. Explorers were followed by
conquistadors and traders and settlers. The declared reasons for
this expansion may have been trade, avarice, empire, or simply
curiosity, but at the base it was all about the expansion of agri-
cultural productivity. Wherever explorers and conquistadors
traveled, they may have carried off |oot, but they left plantations.
Settlers toiled to clear land and establish their own homesteads.
This conquest and expansion went on until therewas no place left
for further expansion. Certainly, to this day landowners and
farmers fight to claim still more land for agricultural productiv-
ity, but they are fighting over crumbs. Today, virtually al the
productive land on this planet is being exploited by agriculture.
What remains is either too steep, too wet, too dry, or lacking in
soil nutrients.

Just when output could expand no more by increasing acreage,
agricultural innovations made possible a more thorough exploi-
tation of the acreage already available. The process of "pest” dis-
placement and land appropriation for agriculture accelerated
with the industrial revolution as the mechanization of agriculture
sped up the clearing and tilling of land and increased the amount
of farmland that could be tended by one person. And with every
increase in food production, the human population grew apace.
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The amount of solar energy that can actually be harnessed
through photosynthesis is called the photosynthetic capability.
This is further limited by geography, climate and soil type. The
photosynthetic capability of afield with rich soil, for example, is
high compared to the photosynthetic capability of arocky moun-
tain slope. At present, nearly 40 percent of all land-based photo-
synthetic capability has been appropriated by human beings.’ In
the United States, agriculture diverts more than half of the energy
captured by photosynthesis.’ We have taken over all the primereal
estate on this planet. The rest of the biota is forced to make due
with what is left. Plainly, this is one of the major factorsin species
extinctions and ecosystem stress.

The Green Revolution

At just the point when agriculture was running out of unex-
ploited tillable lands, technological breakthroughs in the 1950s
and 1960s allowed it to continue increasing production through
the use of marginal and depleted lands. This transformation is
known as the Green Revolution. The Green Revolution resulted
in the industrialization of agriculture. Part of the advance
resulted from new hybrid food plants, leading to more productive
food crops. Between 1950 and 1984, as the Green Revolution
transformed agriculture around the globe, world grain produc-
tion increased by 250 percent.* That is a tremendous increase in
the amount of food energy available for human consumption.
Thisadditional energy did not come from an increase in sunlight,
nor did it result from introducing agriculture to new vistas
of land. The energy for the Green Revolution was provided by
fossil fuels. The Green Revolution was made possible by fossil
fuel-based fertilizers and pesticides, and hydrocarbon-fueled irri-
gation.

The Green Revolution increased the energy flow to agriculture
by an average of 50 times itstraditional energy input.’ Inthe most
extreme cases, energy consumption by agriculture has increased
a hundredfold or more.* In avery real sense, we are eating fossil
fuels.
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Total Energy Directly and Indirectly Consumed on
U.S.Farmsin 2002 was 1,7 Quadrillion Btu

Pesticides

Fertizers

Electritity

Gasoline

Diesel

Source: Miranowski (2004).

In the United States, the equivalent of 400 gallons of oil is ex-
pended annually to feed each US citizen (as of 1994)." US agricul -
tural consumption of energy by source is broken down in this pie
chart.

A report of energy usage in Canadian farms came up with the
following break down:

¢ 31 percent for the manufacture of inorganic fertilizer

e 19 percent for the operation of field machinery

¢ 16 percent for transportation

e 13 percent forirrigation

e 8 percent for raising livestock (not including livestock feed)
5 percent for crop drying
5 percent for pesticide production
¢ 3 percent miscellaneous’

In addition, the energy costs of processing, distributing, and
preparing food in the home far exceed the energy used on the
farm to produce it.”
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Failure of the Green Revolution

Due to the laws of thermodynamics, there is not a direct corre-
spondence between energy inflow and outflow in agriculture.
Along the way, there is a marked energy loss. Between 1945 and
1994 energy input to agriculture increased fourfold while crop
yields only increased threefold." Since then, energy input has
continued to increase without a corresponding increase in crop
yield. We have reached the point of marginal returns. Yet, due to
soil degradation, the increased demands of pest management,
and increasing energy costs for irrigation (all of which is exam-
ined below), modern agriculture must continue increasing its
energy expenditures simply to maintain current crop yields. The
Green Revolution is becoming bankrupt.

In the 1950s and 1960s, the Green Revolution was promoted as
the solution to world hunger. The rise in agricultural production
was supposed to ensure that there was enough food for everyone
and that no one on the planet would go hungry. Unfortunately,
this has not been the case.

FIRST LAW OF THERMODYNAMICS or THE ENERGY CONSERVATION LAW

Energy can neither be created or destroyed;
or
The energy ofthe universe remains constant;
or
You can'twin.

SECOND LAW OF THERMODYNAMICS or THE ENTROPY LAW

Without compensating changes elsewhere,
heat can flow only from a hotter to a colder body;
or
With passing chronological time,
the entropy ofthe universe tends towards a maximum;
or
You can't break even.

THIRD LAW OF THERMODYNAMICS

The entropy of any condensed substance, i.e., liquid or solid,
has at zero absolute temperature the value zero;
or
Zero absolute temperature cannot be reached;
or
You have to stay in the game.
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In spite of a 70 percent population increase, the Green Revo-
lution has led to a 17 percent increase in calories available per
person. Everyone in the world could have a daily intake of at |east
2,720 kilocalories (1 kilocalorie = 1,000 calories) if food were dis-
tributed more equitably.” Yet, there were still an estimated 798
million undernourished people in developing countries as of
1999-2000. This is a decrease of only 19 million from the 1990~
1992 estimate.”

Inthe United States, 11.9 percent of al households are consid-
ered to be "food insecure" — they are not sure if they will have a
meal from one day to the next. For single-mother families, this
figure soars to 31.7 percent. For the working poor it is 35 percent.
Among American adults, the rate is 10.8 percent, while for chil-
dren it is nearly double, at 18.2 percent. These percentages trans-
late into nearly 35 million people, 13 million of them children,
living hungry or on the edge of hunger. From 1999 to 2002, the
number of hungry people in the US increased by 3.9 million,
more than 1 million of them children.*

The failure of the Green Revolution results from a misunder-
standing of the causes of starvation in the world today. Hunger is
not caused from lack of food, but from a lack of access to food. It
is the failure of the profit-based market to distribute food equi-
tably. Those who can afford food have a diet far in excess of their
needs, while those who cannot afford food go hungry. The key to
ending world hunger lies in social reforms, agrarian reforms, and
true democratic reforms, along with the recognition that every-
one has aright to a subsistence diet.*

The Green Revolution has, in fact, contributed to the inequity
of our agricultural system by making it more difficult for farmers
to compete with agricultural corporations. Not only does the
Green Revolution fail in its stated mission, its industrial practices
lead to degradation of the land and water supply. In the end,
Green Revolution-type agriculture is unsustainable.



Land Degradation

|A N D DEGRADATION___ mostly due to soil erosion, mineral
depletion, and urbanization ___is becoming a major problem
worldwide. Currently, the full scope of the problem is hidden
because lost vitality is compensated for by intensified use and in-
creased application of artificial fertilizers. In the end, these strate-
gies only exacerbate the problem, leading to atotal collapse of soil
viability.

Since 1945, the total land degraded by soil depletion, desertifi-
cation, and the destruction of tropical rainforests comes to more
than 5 billion hectares, or greater than 43 percent of the Earth's
vegetated surface.'

Each year, 10 million hectares of productive, arable land are
abandoned due to severe degradation.” At the same time, 5 mil-
lion hectares must be added to production to feed the extra 84
million humans born each year. In all, 15 million hectares are
needed yearly to make up for losses and increased population.
Most of this land is coming from the forests,* accounting for 60
percent of world deforestation.*

It takes 500 years for nature to replace 1 inch of topsoil.® Ap-
proximately 3,000 years are needed for natural reformation of
topsoil to the depth needed for satisfactory crop production.’ In a
natural environment, topsoil is built up by decaying plant matter
and weathering rock, and it is protected from erosion by growing

1
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plants. In soil made vulnerable by agriculture, erosion is reducing
productivity up to 65 percent each year.” Former prairie lands,
which constitute the breadbasket of the United States, have lost
one half of their topsoil after being farmed for about 100 years.
This soil is eroding 30 times faster than the natural formation
rate.” Food crops are much hungrier than the natural grasses
which once covered the Great Plains. As a result, the remaining
topsoil is increasingly depleted of nutrients. Soil erosion and
mineral depletion remove about $20 billion worth of plant nutri-
ents from US agricultural soils every year.” Much of the soil in the
Great Plains is now little more than a sponge into which we must
pour hydrocarbon-based fertilizers in order to produce crops.

Erosion rates are increasing throughout the world. China is
losing topsoil at the rate of 40 tons per hectare per year (t/ha/yr).*
During the spring planting season, Chinese soil can be detected in
the atmosphere as far away as Hawaii." China's need for food ex-
ceeded the capacity of its agricultural system decades ago. The
Chinese have pushed their agricultural lands to the very limit,
using artificial fertilizers and pesticides to force every bit of pro-
duction from the land. And still they must import prodigious
quantities of grain from the US and other countries in order to
feed their population.*

Agricultural production in some parts of Africa has declined
by 50 percent due to soil erosion and desertification.” As with
China, soil eroded from Africa can be detected in Florida and
Brazil.* Serious production losses (in the 20 percent range) have
also been reported for India, Pakistan, Nepal, Iran, Jordan, Leba-
non, and Israel.” Globally, the loss of 75 billion tons of soil per
year coststheworld about $400 billion annually, or about $70 per
person per year.*

In the US, assuming erosion by wind and water at arate of 17
t/ha/yr, the onsite costs of irrigation to replace lost soil moisture
and fertilizers to replace lost nutrients translates into approxi-
mately $28 billion per year, in 1992 dollars.” In addition to this,
there are the offsite costs of soil erosion: roadway, sewer, and base-
ment siltation; drainage disruption; foundation and pavement
undermining; gullying of roads; earth dam failures; eutrophica-
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tion of waterways; siltation of harbors and channels; | oss of reser-
voir storage; loss of wildlife habitat and disruption of stream
ecology; flooding; damage to public health; and increased water
treatment costs. Offsite costs are estimated at $17 billion per year,
alsoin 1992 dollars.” The combined cost is $45 billion per year, or
about $ioo/hectare of pasture and farmland, which increases the
production costs of US agriculture by 25 percent.*

Approximately three-quarters of the land in the United States
is devoted to agriculture and commercial forestry.” Of this, every
year more than two million acres of cropland are lost to erosion,
salinization, and water logging. On top of this, farmland loses an-
other million acres to urbanization, road building, and industry
annually.” Between 1945 and 1978, an area equivalent to the states
of Ohio and Pennsylvania was blacktopped. Of the land taken for
housing and highways, almost half was among the most agricul-
turally productive land in the country.” Incidentally, only a small
portion of US land area remains available for the solar energy
technol ogies necessary to support a solar energy-based economy.
The land area for harvesting biomass is likewise limited. For this
reason, the development of solar energy or biomass must be at
the expense of agriculture.

Thisisthe cost of poor farm management. Soil degradationis
caused primarily by loss of vegetation cover. It can be combated
by anumber of techniques, including no-till agriculture, contour-
ing, cover cropping, crop rotation, contour strip cropping, con-
tour buffer planting, terracing, grassed waterways, farm ponds,
check dams, and reforestation. Instead, we presently make up for
thelossin soil fertility with artificial fertilizers derived from natu-
ral gas. It is to be wondered why we bother planting crops in the
ground at all — as opposed to growing them with hydroponics —
except that the ground provides a cheap and abundant medium.






Water Degradation

OVER 70 PERCENT of the Earth's surface is covered by water.
However, 97.5 percent of that is salt water, leaving only 2.5 percent
as fresh water. Of that fresh water, over 70 percent is frozen in the
continental glaciers of Antarctica and Greenland. Most of the re-
mainder issoil moisture, or deeply buried ininaccessible aquifers.
Only 0.77 percent of al fresh water — or less than 0.007 percent of
all the water on the Earth — is available for human use.’ Thisis
the water found in rivers and lakes, and groundwater shallow
enough to be accessed economically.

Modern agriculture places a severe strain on our water re-
sources. Inthe US, for example, it consumes fully 85 percent of all
freshwater resources.’

In the last century, irrigated land area increased nearly five-
fold. Although only 17 percent of the world's cropland is irrigated,
that 17 percent produces 40 percent of the global harvest.® This
disproportionate share is largely due to the capability of irrigated
lands to produce two and sometimes three crops in ayear. How-
ever, environmental damage to irrigated cropland from saliniza-
tion and waterlogging, in combination with rising irrigation costs
and other factors, has slowed the increase in irrigated land in the
last few decades so that it now no longer keeps up with population
growth. Per capita irrigated area peaked in 1978 at 0.48 hectares
per person.* Since then, it has fallen more than seven percent.’
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Poor irrigation practices have led to the steady accumulation of
salt in soil, damaging 60 million hectares, or about one quarter of
the world's irrigated land.*

Overdraft is occurring in many surface water resources,
especially in the west and south. The typical example is the
Colorado River, which is reduced to a trickle by the time it
reaches the Pacific.” The lower reaches of China's Yellow River
have gone dry for an average of 70 days a year in each of the last
10 years; in 1995 the river was dry for 122 days.” Similar stories
can be told about the Ganges, the Nile, and many other rivers
around the world.” During the dry season, essentially no water
is released to the sea from much of Asia. In the former Soviet
Union region of Central Asia, the Aral Sea has lost half of its
area and two-thirds of its volume, due to river diversions for
cotton production. Tripled salinity levels in the Aral Sea have
wiped out all of the native fish and devastated the local fishing
industry.”

Surface water supplies only 60 percent of the water used in ir-
rigation. The other 40 percent, and in some places the majority of
irrigation, comes from underground aquifers that are pumped so
far in excess of their recharge rates asto be, for all intents and pur-
poses, nonrenewabl e resources. Groundwater is recharged slowly
by the percolation of rainwater through the Earth's crust. Less
than 0.1 percent of the stored ground water mined annually isre-
placed by rainfall.*

Water tables are dropping a meter or more each year beneath
a large area of irrigated farmland in north China; they are falling
20 centimeters a year across two-thirds of India's Punjab, that
nation's breadbasket.”” One-fifth of irrigated land in the US is
watered by pumping in excess of therechargerate. The Southwest
receives only 6 percent of the country's available water asrainfall,
but its large irrigated farms and growing urban areas account for
36 percent of the nation's water use. California also consumes
more water annually than the state receivesin rainfall.” In Texas,
where groundwater depletion is particularly severe, the amount
of irrigated land has fallen by more than 30 percent from its peak
in 1974.*
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The Ogallala Aquifer that supplies agriculture, industry and
home use in much of the southern and central plains states has an
annual overdraft 130 to 160 percent in excess of replacement. This
vitally important aquifer will become unproductive in another
thirty years or so.”” The Ogallala Aquifer is the irrigation source
for much of the American breadbasket; when it becomes unpro-
ductive, the US heartland will go dry. There is talk of diverting
water from the Mississippi or the Great Lakes, but these projects
pose considerable engineering problems. They would also dam-
age other industries, and are opposed by the states bordering both
waterways (and Canadain the case of the Great L akes). Moreover,
such diversions would be extremely energy-dependent.

We can illustrate the demand that modern agriculture places
on water resources by looking at a farmland producing corn. A
corn crop that produces 118 bushel s/acre/year requires more than
500,000 gallons/acre of water during the growing season. The
production of 1 pound of maizerequires 1,400 pounds (or 175 gal-
lons) of water.” Unless something is done to lower these con-
sumption rates, modern agriculture will help to propel the United
Statesinto awater crisis.

Overall, it takes 1,000 tons of water to grow 1 ton of grain.”
Thisis an average, with rice being the thirstiest crop and corn the
least thirsty. Nearly two out of every fivetons of grain produced
worldwide go to meat and poultry production.” This isjust one
reason why a non-meat diet could feed twice as many people as a
diet including meat. We could save ourselves a lot of suffering by
simply eating lower on the food chain.

Urbanization will increasingly come into competition with
agriculture for water supplies, as the urban population continues
to expand in the coming years, in large part at the expense of
rural population. Many studies expect urban water use to double
during the next 25 years.” Water supplies in the western United
States already are being diverted from agriculture to thirsty cities
willing to pay a premium for water. Tucson, Phoenix, and other
Arizona cities have purchased water rights from more than
232,000 hectares of farmland. In Pima County, where Tucson is
located, irrigation is expected to disappear entirely by 2020.*
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Finally, agricultural runoff is one of the most significant
sources of water pollution. Artificial fertilizers, particularly nitro-
gen fertilizers, lead to increased algae production in lakes, rivers,
seas, and estuaries. The resulting population explosion of algae
and other microorganisms leads to oxygen depletion, resulting in
dead zones where fish, shrimp, and other creatures cannot sur-
vive. Dead zones are spreading offshore from many of the world's
great river deltas, such asthe Mississippi.”

Pesticide runoffis also a major source of water pollution. The
US Environmental Protection Agency has found 98 different pes-
ticides, including DDT, in groundwater in 40 states, contaminat-
ing the drinking water of over 10 million residents.”



Eating Fossil Fuels

BOLAR ENERGY is arenewable resource limited only by the
inflow rate from the sun to the earth. Fossil fuels, on the other
hand, are a stock-type resource that can be exploited at a nearly
limitless rate. However, on a human time scale fossil fuels are
nonrenewable. They represent a planetary energy deposit that
we can draw from at any rate we wish, but which will eventually
be exhausted without hope of renewal. The Green Revolution
tapped into this energy deposit and used it to increase agricul-
tural production.

Total fossil fuel use in the United States has increased twenty-
fold inthelast four decades. IntheUS, we consume 20 to 30 times
more fossil fuel energy per capita than people in developing na-
tions. Agriculturedirectly accountsfor 17 percent of all the energy
used in this country.' As of 1990, we were using approximately
1,000 liters of oil to produce food from one hectare of land.”

In 1994 David Pimentel and Mario Giampietro estimated the
output/input ratio of agriculture to be around i:4.° For 0.7
kilogram-calories (kcal) of fossil energy consumed, US agri-
culture produced 1 kilocalorie of food. This estimate results in net
food energy production of only 30 percent. The input figure for
this ratio was based on the United Nations' Food and Agriculture
Organization (FAQO) statistics, which consider only fertilizers
(without including fertilizer feedstock), irrigation, pesticides
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(without including pesticide feedstock), and machinery and fue
for field operations. Other agricultural energy inputs not consid-
ered were energy and machinery for drying crops, transportation
for inputs and outputs to and from the farm, electricity, and con-
struction and maintenance of farm buildings and infrastructures.
Adding in estimates for these energy costs brought the output/
input energy ratio down to i:i.* Yet this does not include the
energy expense of packaging, delivery to retail outlets, refrigera-
tion, or household cooking.

In a subsequent study completed later that same year, Giam-
pietro and Pimentel managed to derive a more accurate ratio of
the net fossil fuel energy ratio of agriculture.® In this study, the
authors defined two separate forms of energy input: endosomatic
energy and exosomatic energy. Endosomatic energy is generated
through the metabolic transformation of food energy into mus-
cle energy in the human body. Exosomatic energy is generated by
transforming energy outside of the human body, such as burning
gasoline in a tractor. This assessment allowed the authors to ook
at fossil fuel input alone and in ratio to other inputs.

Before the industrial revolution, virtually 100 percent of both
endosomatic and exosomatic energy was solar driven. Fossil fuels
now represent 90 percent of the exosomatic energy used in the
United States and other developed countries.” The typical exo/
endo ratio of pre-industrial, solar powered societies is about 4 to
1. The ratio has changed tenfold in developed countries, climbing
to40to 1. And inthe United Statesitis morethan 90to 1."And the
nature of the way we use endosomatic energy has changed as well.

The vast majority of endosomatic energy is no longer ex-
pended to deliver power for direct economic processes. Now the
majority of endosomatic energy is utilized to generate the flow of
information directing the flow of exosomatic energy driving ma-
chines. Considering the 90:1 exo/endo ratio in the United States,
each endosomatic kcal of energy expended in the US induces the
circulation of 90 kilocalories of exosomatic energy. As an exam-
ple, asmall gasoline engine can convert the 38,000 kilocaloriesin
one gallon of gasoline into 8.8 Kilowatt hours, which equates to
about 3 weeks of work for one human being.*
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In their refined study, Giampietro and Pimentel found that ten
kilocalories of exosomatic energy are required to produce one
kilocalorie of food delivered to the consumer in the US food sys-
tem. This includes packaging and all delivery expenses, but ex-
cludes household cooking.’ According to this study, the US food
system consumes ten times more energy than it produces. Gi-
ampietro and Pimentel's study is in agreement with an earlier
study by C. A. S. Hall, C. J. Cleveland, and R. Kaufman.* However,
Martin C. Heller and Gregory A. Keoleian arrive at a somewhat
lower figure of 7.3 units of fossil fuel energy to produce one unit of
food energy." Even this latter figure represents a tremendous en-
ergy deficit.

Heller and Keoleian also looked at the energy cost of restau-
rants and household storage and preparation. They found that in
1995, commercial food services consumed 332 trillion British
thermal units; nearly a third of this amount was used in cooking,
the remainder went to refrigeration and various other uses. They
also found that household storage and preparation consumed
more energy than any other sector of the food system. The house-
hold energy demand was nearly 48 percent more than the energy
required for agricultural production. Over 40 percent of house-
hold food-related energy consumption is used in refrigeration, 20
percent is used in cooking, and another 20 percent in heating
water (largely for dishwashing).*

A 1976 study tracing the energy costs of moving corn through
our food system found that more energy is used to drive to the
supermarket to buy a can of corn than is consumed in producing
the corn (assuming the crop was not irrigated). This study also
found that if corn is kept frozen for more than 22 days, more
energy is used than if it were canned.*

Giampietro and Pimental's 10:1 ratio means that it takes only
20 minutes of labor to provide most Americans with their daily
diet — as long as that labor is fossil fueled. Unfortunately, if you
remove fossil fuels from the equation, the daily diet will require
111 hours of endosomatic labor per capita; that is, the current US
daily diet would demand nearly three weeks of work from each
American to produce the amount of food they eat each day.*



22 | EATING FOSSIL FUELS

Quite plainly, as fossil fuel production begins to decline within
the next decade, there will be less energy available for the produc-
tion of food.

US Consumption

In the United States, each person consumes an average of 2,175
pounds of food per year. This provides the US consumer with an
average daily energy intake of 3,600 calories. Theworld averageis
2,700 calories per day.” Every day, a quarter of the US population
eats fast food (based on survey data gathered from 1994-1996).
This figure is up from one-sixth of the population reported in a
similar survey five years earlier. Fast food provides up to one-
third of the average US citizen's daily caloric intake.” And thereis
good reason to believe that these figures have gone up since the
years when this survey was conducted.

One third of the caloric intake of the average American comes
from animal sources (including dairy products), totaling 800
pounds per person per year. This diet means that US citizens
derive 40 percent of their calories from fat — nearly half of their
diet.”

Americans are also grand consumers of water. As of one
decade ago, Americans were consuming 1,450 gallons/day/capita
(g/d/c), with the largest amount expended on agriculture. Allow-
ing for projected population increase, consumption by 2050 is
expected to drop to 700 g/d/c, which hydrologists consider mini-
mal for human needs.” This is without taking into consideration
declining fossil fuel production. As it declines, less energy will be
available to power irrigation equipment.

To provide al of this food requires the application of 1.2 bil-
lion pounds of pesticides in the United States per year. The US
accounts for one-fifth of the total annual world pesticide use, esti-
mated at between fiveand six billion pounds. This equatesto five
pounds of pesticides for every man, woman and child in the na-
tion." Among the hydrocarbon-based pesticides are Methyl
Parathion, Aldrin, Dieldrin, Endrin, Endosulfan, Chlordane,
DDT, Heptaclor, Kepone, Lindane, Mirex, and Toxaphene. There
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are many others. All of them are powerful neurotoxins and are
very persistent in the environment, due to their complex hydro-
carbon backbones. Monsanto's Roundup, the most widely used
herbicide in the world, is not hydrocarbon-based. It is, rather, a
chain built on phosphorus and nitrogen. However, Monsanto's
claims that Roundup is nontoxic for humans are being disproved.
Roundup has been linked to non-Hodgkin's lymphoma.*

According to arecent study based on data supplied by the Cen-
tersfor Disease Control, virtually every resident of the US has pes-
ticideresiduein their body. The average person has 13 pesticidesor
pesticide breakdown products in their body. The most prevalent
chemicals — found in virtually all of the test subjects — are TCP
(ametabolite of theinsecticide chlorpyrifos, commonly known by
the product name Dursban) and p,p-DDE (a breakdown product
of DDT). Children contained the most pesticides, followed by
women and Mexican-Americans. Many of these pesticides are
present in amountswell in excess of established safety levels.”

In the last two decades, the use of hydrocarbon-based pesti-
cides in the US has increased thirty-three-fold, yet each year we
lose more crops to pests.” This is the result of abandoning tradi-
tional crop rotation practices. Nearly 50 percent of US corn is
grown as amonoculture.” Thisresultsin an increase in corn pests
that in turn requires the use of more pesticides. Pesticide use on
corn crops had increased a thousandfold even before the intro-
duction of genetically engineered, pesticide-resistant corn. How-
ever, corn |losses have still risen fourfold.”

Worldwide, more nitrogen fertilizer is used per year than can
be supplied through natural sources. Likewise, water is pumped
out of underground aquifers at a much higher rate than it is
recharged. And stocks of important minerals, such as phosphorus
and potassium, are quickly approaching exhaustion.”

Total US energy consumption is more than three times the
amount of solar energy harvested as crop and forest products.
The United States consumes 40 percent more energy annually
than the total amount of solar energy captured yearly by all US
plant biomass. Per capita use of fossil energy in North Americais
five times the world average.”
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Our prosperity is built on the principal of exhausting the
world's resources as quickly as possible, without any thought to
our neighbors, other life forms on this planet, or our children.

Food Miles

Food miles represent the distance food travels from where it is
produced to where it is consumed. Food miles have increased dra-
matically in the last couple of decades, largely as a result of global-
ization. In 1981, food journeying across the US to the Chicago
market traveled an average of 1,245 miles; by 1998, this had in-
creased 22 percent, to 1,518 miles.” In 1965, 787,000 combination
trucks wereregistered in the United States, and these vehicles con-
sumed 6.658 billion gallons of fuel. In 1997, there were 1,790,000
combination trucks that used 20.294 billion gallons of fuel.” In
1979, David and Marcia Pimentel estimated that 60 percent of all
food and related products in the US traveled by truck and the
other 40 percent by rail.” By 1996, almost 93 percent of fresh pro-
duce was moved by truck.*

These studies only consider food traveling inside the United
States. When we take into consideration all the food imports, and
the distance they travel to reach their destination, the figure for
food miles grows prodigiously. In the three decades from 1968 to
1998, world food production increased 84 percent, world popula-
tion increased 91 percent, but food trade increased 184 percent.*
An increasing percentage of the food eaten in the US is grown in
other countries, including an estimated 39 percent of fruits, 12
percent of vegetables, 40 percent of lamb, and 78 percent of fish
and shellfish in 2001.** The typical American prepared meal con-
tains, on average, ingredients from at least five other countries.*
Overall, agricultural imports into the US increased 26 percent by
weight from 1995 to 1999.*

Using ameasure of weighted average source distance (WASD),
one study found that produce destined for consumers in Toronto,
Canada traveled an average of 3,333 miles.” Computing food
miles is not as straightforward as it would seem. For instance,
most of the food coming into the US and Canada travels through
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Los Angeles. Even food distributed within North America is first
shipped to LA. So pears and apples from Washington State, right
next to the Canadian border, make a longer journey to reach
Toronto than carrots from California.”

A study of table grapes found that in 1972-73 the WASD of
table grapes bound for lowawas 1,590 miles. By 1988-89, this dis-
tance had increased to 2,848 miles. Thisis mostly explained by an
increase in exports of Chilean table grapes. In 1998-99, the dis-
tance had diminished slightly to 2,839 miles, due to an increased
percentage of Mexican table grape imports.”’

This phenomenon is not confined to North America. In the
UK, the distance traveled by food increased 50 percent between
1978 and 1999.* A Swedish study of the food miles involved in a
typical breakfast (apple, bread, butter, cheese, coffee, cream, or-
ange juice, sugar) found that the mileage estimated for the entire
meal was equivalent to the circumference of the Earth.*

The increase in food miles is, of course, made possible by an
increase in fossil fuel consumption. So the globalization of food
production and the atrophying of localized food infrastructure
are subsidized by cheap and abundant fossil fuels. As fossil fuels
become less abundant and more expensive, this system will be-
come increasingly strained until it finally collapses, leaving local
communities without the ability to feed themselves.

The globalization of food has an adverse effect on local farm-
ers as well. From the indigenous farmers of third world countries
who can no longer compete with cheap grain imports from the
US, to the farms of the American Midwest that are losing their
agricultural diversity, food security is threatened by globalization.
Consider lowa, which is blessed with some of the richest farm-
land the world over.

In 1920, lowa produced 34 different commodities on at least 1
percent of its farms, and 10 different commodities were produced
on over half of its farms.* In 1870, virtually all the apples con-
sumed inlowaweregrownlocally.” By 1999, only 15 percent of the
apples consumed in lowa were produced locally.” Overall, by the
1970s, one percent of lowa farms were producing no fruit or veg-
etables. By 1997, only corn and soybeans were produced on over
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half of lowa's farms.” By 1998, the state that had once been the
world leader in canned sweet corn production had only two re-
maining canning facilities in the entire state.” Excepting meat
production, most lowa farms no longer produce food to supply
lowa consumers directly.”

Globalized food production is a threat to food security, not
only because of the collapse of local food production, but
through importing diseases, invasive species, and poisons. The
latter is due to the overseas use of pesticides that have been
banned for use within the United States. The increasing distance
between food production and markets also promotes consumer
ignorance, as consumers are isolated from the true social and en-
vironmental costs of the products they consume.

The only way to grasp all these unacknowledged expenses
is through a life-cycle assessment, which is a very complicated
procedure. As an example, the life-cycle assessment of coffee pro-
duction shows that a morning cup of Colombian Java has the fol-
lowing global effects:

« IntheAntioquiaregion of Colombiaendangered cloud forests
are cleared and the watershed polluted several times annually
by the application of pesticides.

In Europe's Rhone River Valley the effluents of pesticide pro-
duction have helped to turn the Rhone River into one of the
most heavily polluted rivers in the world.

In Papua New Guinea, iron is mined from stolen tribal lands
for the ships that transport the beans, leaving the land dis-
turbed and polluted.

In New Orleans the beans are roasted and packaged in plastics
made from oil shipped by tanker from Venezuela and the
Middle East and produced at factories in Louisiana's"cancer
corridor," with its disproportionately black surrounding pop-
ulation.

¢ In the ancestral lands of the Australian Aborigines bauxite ore
is strip-mined for the packaging's aluminum layer.

On the west coast of the USA the bauxite is refined using
hydroelectric power from the Colombia River, the harnessing
of which destroyed local American Indian salmon fisheries.
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* Near Philadelphia oil to transport the packaged coffee is
refined at a plant where heavy air and water pollution have
been linked to cancer clusters, contaminated fish, and a de-
cline of marine wildlife throughout the Delaware River basin.
All over the continent that cup of coffee depends on oil,
natural gas, and coal in a hundred other incidental ways — in-
cluding lighting, heating, and cooling the high-rise offices of
advertising and food company executives, as well as the media
executives whose magazines and TV shows carried ads for the
coffee.”

Similar life-cycle assessments can be made for any globalized food
commodity. All of them will show environmental destruction and
degradation, the exploitation of indigenous peoples and cultural
minorities, and the wasteful consumption of fossil fuels. This sys-
tem is destructive and unsustainable.

Not only is our entire agricultural and food system based
upon the availability of cheap fossil fuels — we do not even use
them in awise and frugal manner. We squander them on flagrant
consumerism in order to maximize short-term profit, while de-
stroying the localized systems that once sustained our culture.






The End of the Oil Age

L ™MURRENT CIVILIZATION isfounded upon an abundance of
cheap energy derived from hydrocarbons. Hydrocarbons not
only run our transportation; they provide the power for all of our
technology. Take a moment to think about your immediate home
environment. Not only do hydrocarbons take you to work and to
the grocery store; they are used for virtually everything around
you. Y our home and your furniture were built using the energy of
hydrocarbons. If your chair has a metal frame, that metal was
forged with hydrocarbons. Y our carpet and your polyester cloth-
ing are products of hydrocarbons. All of the plastics around you
are derived from hydrocarbons. Even this book was printed and
delivered using hydrocarbons. The very value of the money in
your wallet is pegged to oil. We have seen in previous chapters
how dependent modern agriculture is upon oil and natural gas.

Before the industrial revolution, all civilizations were built on
the energy of slave labor. Even the United States required the
sweat of slaves during its early years. The industrial revolution
rendered slavery, and all other forms of servitude, obsolete. First it
was coal that supplied the power to run our furnaces. But eventu-
ally coal was replaced by oil, with its far superior caloric content.
It was the late 1800s when we began to seriously exploit oil re-
sources. This abundance of cheap, high-content energy gave rise
to the technological revolution of the last hundred years. There
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are various estimates of the "slave equivalents" of cheap
hydrocarbon-based energy, but there is no doubt that every one
of usis served by a multitude of hydrocarbon slaves.

Earlier in this book, we discussed how oil was formed by a
combination of biological and geological processes, dependent
upon special environmental circumstances that no longer exist.
Through this bio-geological process, solar energy was stored and
converted into hydrocarbons over millions of years.

Now enter the humans. Here is an exploration team fortunate
enough to discover a sizable oil reserve. Wells are drilled to tap
into the oil. Now oil in the ground flows at about the same rate as
damp in a stone foundation, the one major difference being that
the oil isheld at much higher pressure. When anew well isdrilled,
the open hole gives free passage to the pressurized oil immedi-
ately around it, which then surges to the surface. The effect is the
classic gusher featured in so many films. However, once the pres-
sure has been equalized in theimmediatevicinity of the drill hole,
it takes more and more energy to pump the oil through the rock
or sediment to the well. Eventually you will reach a point where
you must invest as much energy to pump the oil as you will get
out of it. When this point is reached, production ends and the well
is capped forever.

If you draw a graph of oil production over time, it will resem-
ble a classic bell curve. The production curvewill start from noth-
ing, ascend to a peak production rate, and then begin to descend.
The descending side of the curve means that you are investing
more energy to produce the oil, which makes the oil more expen-
sive. During the 1950s and 1960s a petroleum geologist named
M. King Hubbert developed a methodology for combining the
profiles of oil wells in a field to draw a production curve for the
entire field. From there, he went on to develop production curves
for regions and even countries. Using industry data, Dr. Hubbert
was able to tie his production curves to the discovery rate with a
lag time of about thirty years.

Using this methodology, Dr. Hubbert predicted that oil pro-
duction in the United Stateswould peak in 1970. M. King Hubbert
was ridiculed and condemned for his prediction. The conven-
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tional wisdom, as espoused by the US Geological Survey (USGS),
was that oil production would continue to rise for many years to
come. Unfortunately for us, Hubbert was correct. Oil production
inthe United States peaked in the early 1970s and has been declin-
ing ever since. Right now we are importing over half of our oil
needs. The US production peak of the early 1970s set the stage for
the oil shocks of that decade and the rise of OPEC. However, at
that time we were able to increase imports to make up the differ-
ence between domestic production and demand. Alaskan and
North Sea oil were brought online soon enough to defang OPEC,
and the US became the oil protector of the world by forcing
OPEC to accept the dollar as the currency for oil sales.

A number of predictions were made over the years following
the US peak regarding the global oil production peak. Many peo-
ple now look back on these false predictions and use them to con-
demn the current scientific consensus. However, none of these
early predictions were actually made by oil geologists with access
to the database of the oil industry. Over the years the methodol-
ogy has been improved and the database has been augmented.

In the 1990s, oil geologists finally felt confident enough in the
data to draw up graphs for world oil production. Two leaders in
thiseffort are Colin J. Campbell and Jean H. Laherrere, petroleum
geologists working for Petroconsultants. Petroconsultants holds
one of the most compl ete databasesin theindustry. In 1997, Petro-
consultants' annual report on the state of the oil industry (which
costs awhopping $10,000 per copy) dealt strictly with the topic of
peak production and predicted that world production would
peak in the first decade of the new century and begin its irre-
versibledecline sometimearound2010.

There have been several other independent assessments since
then, and most agree on the timeframe. The most notabl e dissent-
ing voice isthe 2000 USGS report which stated that world oil pro-
duction would not peak until 2020 at the earliest. However, it has
been shown that the USGS study is deeply flawed.' It accepted as
valid oil reserves any reserve with a ten percent or greater chance
of being discovered. The realistic benchmark is 50 percent. In the
few years since publication, the USGS report has already proven



32 | EATING FOSSIL FUELS

unreliable in comparison with actual production and discovery
rates.

There are a lot of problems with oil production data. The in-
dustry has a tendency to underreport initial discoveries so that
they can add them on later to give the impression of a steady
discovery rate. A steady discovery rate looks more appealing to in-
vestors. OPEC countries, on the other hand, have a marked ten-
dency to inflate their oil reserves when it comes time to adjust
quotas under OPEC. And politically, nobody wants to let the
general population know that the party is almost over. The US
Energy Information Administration (EIA) has publicly stated —
although in a roundabout manner — that they first project future
energy demand and then they come up with reserve and produc-
tion figures to meet their projected demand.* Making sense of the
data requires alot of detective work, but a scientific consensus has
been achieved.

This isthe standard espoused by Campbell and Laherrere. Ac-
cording to their scenario, we are at peak production right now.
Currently, we are engaged in a tango between world oil produc-
tion and the global economy. Rising oil prices lead to economic
stagnation and a decrease in demand, which then leads to lower
production and a softening in oil prices, until economic rebound
results in demand once again rising above production. Of course,
this is a simplified model. It would take much more space to add
in al the other economic and oil-related factors, not to mention
the effects of oil wars.

However, the major oil companies have started making coded
announcements indicating that they know the future of the oil
business will not match its past. Instead of investing in pro-
duction and discovery, all of the majors have been shedding
exploration staff and consolidating their holdings. None of this
bespeaks a growing industry. And insiders know that there is very
little excess capacity to be found anywhere.

There was considerable hope prior to the Afghan War that the
Caspian Sea held oil reserves that would match — if not dwarf—
the Middle East. However, exploration has produced disappoint-
ing results. The Caspian region does not hold nearly as much oil
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as was at first supposed, and the oil that has been found is highly
tainted by sulfur. As aresult, the oil majors have been scaling back
their involvement in the Caspian region.

Some point to Russia as a rival to Saudi Arabia. Thisignores
the reality that Russia is simply resuming a production capacity
that faltered following the collapse of the Soviet Union. Russian
production peaked in 1987.° This is illustrated in the following
graph, showing the peak of Russian oil production in the late
1980s, followed by a sharp drop in large part due to the collapse of
the former Soviet Union. Thisis then followed by a sharp rise in
production through the 1990s and up to the present time. Pro-
duction has risen so sharply because of the revival of the Russian
oil industry and the implementation of aggressive production
techniques. This aggressive Russian production will be paid for by
a quicker peak and a steeper decline. The Moscow News has re-
ported that Yuri Shafranik, the head of the Russian Union of Oil
and Gas Producers, stated on November 9, 2004, that Russia has
almost reached its maximum production and the decline will
start within two years. Mr. Shafranik referred to experts from the
International Energy Agency.*
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Richard Duncan and Walter Y oungquist developed a system in
the late 1990s to model world oil production. As they ran simula-
tions with this model, they attempted adding on additional units
of oil, each unit equivalent to areserve the size of the North Sea.
Additional units brought into production after the peak had no
effect on peak production. But they found that several additional
units brought into production before the peak could delay the
peak by a year or two. Thiswould be the equivalent of several new
North Sea discoveries.”Y et oil exploration geologists warn that all
we will find from now on are small isolated pockets. All that our
knowledge and technological advancement have managed to
show us is where oil does not exist.

Still, there are economists who will tell you that it is only a
matter of money. If we throw enough money into exploration
and development, we will increase production. This seems to be-
lie actual experience. Over the last thirty years increased invest-
ment and technological advances have led to only marginal gains
in discovery and production. Were it otherwise, the industries
would not be scaling back.

Others say that we will abandon hydrocarbons for better
energy sources. This ignores the fact that there is no other energy
resource capable of delivering as much energy as hydrocarbons
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— not renewables, not unconventional resources such as tar
sands, not even coal. The only thing which comes close is nuclear,
and this has too many other problems.

There are many true believers — including former Secretary
of Energy Spencer Abraham — who point to a world run by fuel
cells. What fuel cell proponents won't tell you is that hydrogen
fuel cells are not an energy source. They are more properly a form
of energy storage. In the natural world there is no such thing
as free hydrogen. Hydrogen must be produced from a feeder
material. Nor isit mentioned that it takes more energy to break a
hydrogen bond than can be gained through the forging of a hy-
drogen bond. This is basic chemistry, as implied in the Second
Law of Thermodynamics. As a result, hydrogen fuel cells will al-
ways have a net energy loss. Nor are they as clean as claimed. The
pollution is simply removed from the individual vehicles to the
plant where free hydrogen is generated. It is most likely that the
hydrogen fuel cell myth is being promoted simply to keep the
public — and investors — from panicking.

The truth is that peak oil has already had an impact on all of
the major events of this young century. And it will have a major
impact on all of our lives at a most personal level in the years to
come. Thisimpact will be felt not only at the gas pumps. The im-
pact of fossil fuel depletion will befelt in higher food prices and, if
nothing is done to completely revamp our food system, sooner or
later in food shortages and massive starvation. The public needs
to be informed. Our civilization is about to undergo a radical
change unparalleled in history. And those we are allowing to call
the shots are more concerned with their own personal gain than
with the general welfare.

The Natural Gas Cliff

Natural gas is every bit as important for agriculture as is oil,
perhaps even more so. All artificial fertilizers are derived from
natural gas. What we call natural gas is actually a mixture of hy-
drocarbon gases. M ethane is one of the main components. Fertil-
izer production converts methane to ammonia, which is then
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used to produce ammonia-based fertilizers. Natural gas is also
used to power some irrigation systems, and for indoor heating of
meat factories.

The situation for natural gas production differs from the situ-
ation for oil, but it is not any brighter. While pumping oil from
the ground is somewhat like straining molasses through a sand
sieve, pumping natural gasis more like pokingaholein acar tire.
This is due to the fact that oil is aliquid and natural gas is a gas.
When you poke a hole in a car tire the air will escape for some
time, flowing freely outward until pressure is equalized between
the outside atmosphere and the interior of thetire. To extract the
remaining air from thetire, you must attach it to avacuum pump,
or squeeze the inner tube.

Tapping into a body of natural gas is generally less costly than
tapping into an oil field. Once the wells are drilled, you simply
have to hook them to a pipeline. Natural gas production increases
rapidly from the time a field is first put into production, rising
until thefieldis fully covered with producing wells. Then produc-
tion flattens out and continues at that level for an unpredictable
length of time. Once the production of afield has flattened out, it
is difficult to increase it further. If you wish to increase produc-
tion, you must find another field. At some unknown point, pro-
duction in thefield will fall into a marked decline. The decline
rate for natural gasfieldsis much higher than the decline rate for
oil fields; somewhere in the neighborhood of fiveto ten percent,
compared to oil'stwo or three percent. Because the decline is so
steep, it isknown asthe natural gas cliff. There islittle warning of
the cliffin thefield'sproduction. The last square foot of gas to be
extracted from afield before production falls off the cliff will re-
quire no more effort than the first square foot extracted from it.

Because we are dealing with a gas here, measurements are
different than those we use for oil. Oil is measured in barrels or
metric tonnes. Natural gas is measured in cubic feet, most com-
monly in billions of cubic feet (Bcf), or trillions of cubic feet
(Tcf). A trillion cubic feet may sound like a lot, but we must re-
member that gas is less dense than oil so it holds less energy. US
demand for natural gas is expected to rise to 30 Tcf per year by
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2010. At one time, it was believed that most of this would come
from the Gulf of Mexico, but the US Minerals Management Ser-
vice now expects Gulf production to begin declining in 2005,
from a peak of 6.1 T cf per year, by at least 5 to 7 percent."

Overall, the North American outlook for natural gas produc-
tionisnot good. M exican production flattened out in 2002. M ex-
ico stopped exporting natural gasto the US in 2000, and has been
a net importer of natural gas ever since.” US production has been
at a plateau for some time. All the big finds have been tapped and
are in decline. US production history shows that new wells are be-
ing depleted more quickly all the time; the current decline rateis
28 percent. Whilethisis partially due to growing demand, itisalso
due to the fact that the large deposits of natural gas are all aging
and are in terminal decline. Newer deposits tend to be smaller and
are produced (and depleted) quickly in the effort to maintain
overall production levels.*

The United States turns to Canada to make up the difference
between its own flattened production and rising demand. Canada
currently supplies at least 13 percent of the US gas demand. Yet
Canada's large fields have also flattened out in production, and it
is likely that Canadian production will fall off the cliff within the
next several years.’

Worldwide, natural gas production will not begin to decline
for at least another decade, and by some estimates not for 20 to 30
years. However, because we are talking about a gas, world produc-
tion is not as important as regional production. We must look to
North American natural gas production to meet the lion's share
of our needs. Natural gas is most easily transported in pipelines; it
is very difficult to transport overseas. The only effective way to
ship it is to liquefy it, transport it in specially designed refriger-
ated tankers, and then unload it at specially designed facilities
that will thaw it back to the gaseous state. All of thisis done at an
estimated 15 to 30 percent energy | oss.

Currently, there are only four liquid natural gas (LNG) off-
loading facilitiesin the US, located in Louisiana, Georgia, Mary-
land, and Massachusetts. In 2003, we imported an average of 1.5
Bcf per day (Bcf/day). This amounted to 2 percent of our natural
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gas demand of 67 Bcf/day. By the end of 2006, we are hoping to
add another three Bcf/day of LNG imports. But by the end of the
decade, demand is expected to riseto 77 Bcf/day.*”

Today the global fleet of LNG tankers numbers 140, with aca-
pacity of 14.5 Bcf/day. By the end of the decade, the USwill require
thisentirefleet just to service our needs. L NG tankers cost an aver-
age of $155 million per ship to build. So the tanker fleet alone will
require an investment of $13 billion. Add to this, the expense of
buildingover30new L NG projectsand theassociated pipelines,and
thenecessary investment quickly climbsover $100billion. Consid-
ering our current budget deficit and the precarious state of the US
economy, on top of the fact that world natural gas production will
peak in another 10 to 30 years, this sort of investment isunlikely."

Thisiswhy politicians and the corporations who pay them are
clamoring to open currently restricted areas of Alaska, the Cana-
dian Arctic, the US Rocky Mountains, and the deep ocean to nat-
ural gas development. Yet the eventual investment in pipelines
and drilling rigs to tap these sources would be even higher than
the cost of LNG development: an estimated $120 billion in infra-
structure. And from the time construction begins on this infra-
structure, it will take five to seven years before any of this gas
begins to flow. In total, we are talking about less than a decade's
worth of natural gas here, even at our current rate of demand.*

As natural gasbecomes more expensive and harder to acquire,
we must find some substitute to serve as fertilizer. If substitutes
cannot be provided in the same proportion, then we cannot ex-
pect to grow enough crops in our depleted soils. Itjust so happens
that there is an abundant, natural fertilizer that is currently going
to waste: manure. Later in this book, we will talk about the neces-
sity of closing the nutrient cycle by recycling animal and human
manure. But this effort will require a major investment in infra-
structure — particularly in processing facilities to compost the
manure and purge it of harmful pathogens and pollutants.

The North American natural gas cliff is the other side of the
approaching energy crisis. Our economy, and our very lifestyle, is
caught between the gas cliff and the oil peak. Between them, they
are going to make life very difficult in the years to come.



The Collapse of Agriculture

mODERN INDUSTRIAL agriculture is unsustainable. It has
been pushed to the limit and is in danger of collapse. As we saw
earlier in this book, we have already appropriated all of the prime
agricultural land on this planet; all that remains is a small per-
centage of marginal lands and those areas — deserts, mountains,
polar regions — that are completely unsuitable. As a result, bio-
logical diversity — the underpinning of life on this planet — has
been diminished nearly to the breaking point.

Moreover, our soils and fresh water resources have been de-
graded and depleted nearly to the crisis point. Our farm crops
have been genetically reduced to weak, high-yield hybrids that are
susceptible to any number of pests, and that offer a minimum of
nourishment. Our land and water resources, and even our food,
are also highly tainted with toxins we have over-applied in an
effort to protect our food crops from pests. And our farmlands
have been concentrated into agribusinesses dedicated to maxi-
mizing short-term profit — while, incidentally, undermining our
ability to support ourselves with local agriculture.

Even without considering energy depletion, our agricultural
system isready to collapse. Y et, the abundance of cheap food given
to us by the Green Revolution has resulted in an exponential pop-
ulation boom. So we must now address a very serious question.
Without the cheap, abundant supply of fossil fuels that has made

39
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possible the industrialization of agriculture, and that has allowed
an explosion in food production at an energy deficit of ten to one,
has the human population exceeded the carrying capacity of the
planet? And if so, by how much?

Population and Sustainability

Assuming agrowth rate of 1.1 percent per year, US population is
projected to double by 2050. As the population expands, an esti-
mated one acre of land will be lost for every additional person.
Currently, 1.8 acres of farmland are available to grow food for each
US citizen. By 2050, this will decrease to 0.6 acres. However, 1.2
acres per person is required to maintain current nutritional stan-
dards.

Presently, only two nations on the planet are major exporters
of grain: the United States and Canada.” By 2025, it is expected
that the US will cease to be a food exporter due to domestic de-
mand. The impact on the US economy could be devastating, as
food exports earn $40 billion annually. More importantly, mil-
lions of people around the world could starve to death without
USfood exports.*

Inthe US, 34.6 million peoplewere living in poverty according
to 2002 census data.* This number continuesto grow at an alarm-
ing rate. Too many of these people do not have enough food. As
the situation worsens, this number will increase and the United
States could witness growing numbers of starvation fatalities.

There are some things that we can do to at least alleviate this
tragedy. It's been suggested that streamlining agricultureto get rid
of losses, waste, and mismanagement might cut the energy inputs
for food production by up to one-half.” In place of fossil fuel-
based fertilizers, we could use livestock manures that are now be-
ing wasted. It is estimated that livestock manures contain five
times the amount of nutrients fertilizers currently provide each
year.® Perhaps the most effective step would be to eliminate meat
from our diet altogether.’

Mario Giampietro and David Pimentel postulate that a sus-
tainable food system is possible only if four conditions are met.
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1. Environmentally sound agricultural technologies must be im-
plemented.

2. Renewable energy technologies must be put into place.

3. Major increases in energy efficiency must reduce exosomatic
energy consumption per capita.

4. Population size and consumption must be compatible with
maintaining the stability of environmental processes.’

Providing that the first three conditions are met, with a reduction
tolessthan half of the exosomatic energy consumption per capita,
the authors place the maximum US population for a sustainable
national economy at 200 million.’ Several other studies have pro-
duced figures within this ballpark.” Given that the current US
population is more than 297 million," that would mean areduc-
tion of 97 million. To achieve a sustainable economy and avert
disaster, the United States must reduce its population by at least
one-third. The black plague during the 14th century claimed ap-
proximately one-third of the European population (and more
than half of the Asian and Indian populations), plunging that
continent into a darkness from which it took them nearly two
centuriesto emerge.*

Personally, | can only hope that a fairer distribution of wealth
and resources will help ease us down the path of depopulation.
And | hope that the decline rate will be gradual enough that our
population can shrink with the least amount of suffering. But |
can only hope, recognizing sadly that depopulation runs contrary
to the basic drive to procreate, and that depopulation has never
been managed before without a die-off.

None of this research considers the impact of declining fossil
fuel production. At the time of these studies, the authors believed
that the agricultural crisis would only begin to impact us after
2020, and would not become critical until 2050. The current
peaking of global oil production (and subsequent decline of pro-
duction after 2010), along with the peaking of North American
natural gas production, will very likely precipitate this agri-
cultural crisis much sooner than expected. Quite possibly, a US
population reduction of one-third will not be effective for
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sustainability; the necessary reduction might be in excess of one-
half. And for sustainability, global population will have to be
reduced from the current 6.5 billion people* to 2 billion — are-
duction of 68 percent or over two-thirds.” The end of this decade
could see spiraling food prices without relief. And the coming
decade could see massive starvation on aglobal level such as never
experienced before by the human race.

The Example of North Korea

What happens to an industrialized country when it loses its hy-
drocarbon base? Unfortunately, this very thing happened in
North Korea. The Korean Peninsula has virtually no oil and no
natural gas. North Korea relied on the Soviet Union for much of
its energy needs. Following the crash of the Soviet Union, North
Korea experienced a sharp and swiff drop in its hydrocarbon im-
ports. The effect was disastrous.

North Korea has always had less than half the population of
South Korea. When the Korean peninsulawas partitioned in 1945
at the end of World War 1l, creating North and South Korea,
South Koreawas a largely agrarian society, while the Democratic
People'sRepublic of Korea(DPRK) waslargely anindustrial soci-
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ety. Following the war, DPRK turned to fossil fuel-subsidized
agriculture to increase the productivity of its poor soils.

By 1990, DPRK's estimated per capitaenergy usewas 71 giga-
joules per person,* the equivalent of 12.3 barrelsof crudeoil. This
was more than twice China's per capita usage at that same time,
and half of Japan's. DPRK has coal reserves estimated at from one
to ten billion tons, and developable hydroelectric potential esti-
mated at 10- 14 gigawatts.” But North Korea must depend on im-
ports for al of its oil and natural gas. In 1990, it imported 18.3
million barrels of oil from Russia, China, and Iran.”

BNERGY CRISS IN THE DFRK

Following the collapse of the Soviet Union, imports from Russia
fell by 90 percent. By 1996, oil imports cameto only 40 percent of
the 1990 level .” DPRK tried to look to Chinafor the bulk of its oil
needs. However, China sought to distance itself economically
from DPRK by announcing that all their commerce would be
conducted in hard currency beginning in 1993. China also cut its
shipments of "friendship grain" from 800,000 tons in 1993 to
300,000 tons in 1994.*

On top of the loss of oil and natural gas imports, DPRK
suffered a series of natural disastersin the mid-1990s which acted
to further debilitate an already crippled system. The years 1995
and 1996 saw severe flooding which washed away vital topsoil, de-
stroyed infrastructure, damaged and silted hydroelectric dams,
and flooded coal mine shafts rendering them unproductive. In
1997, this flooding was followed by severe drought and a massive
tsunami. Lack of energy resources prevented the government
from preparing for these disasters and hampered recovery.

DPRK also suffered from aging infrastructure. Much of its
machinery and many of itsindustrial plants were ready for retire-
ment by the 1990s. Because D PRK had defaulted on an enormous
debt someyears earlier, it had grave difficulty attracting the neces-
sary foreign investment. The dissolution of the Soviet Union
meant that DPRK could no longer obtain the spare parts and ex-
pertise to refurbish their infrastructure, leading to the failure of
machinery, generators, turbines, transformers, and transmission



44 | EATING FOSSIL FUELS

lines. Thecountry' entered into avicious positive feedback loop as
failing infrastructure°** coal and hydroelectric production and
diminished their ability to transport energy via power lines, truck
and rail.

The decline ir* availability affected all sectors of commercial
energy use betwe*" the years 1990 and 1996. As a result of this,
North Koreans tii'"*d to burning biomass, thus destroying their
remaining forest?- Deforestation led, in turn, to more flooding
and increasing levels °f* ° * erosion. Likewise, soils were depleted
as plant matter w'* burned for heat, rather than being mulched
and composted.

By 1996, road ; '"“freight transport were reduced to 40 percent

of their 1990l evel*-'"*"">d steel production were reduced to 36
percent of 1990 levels, and cement was reduced to 32 percent.”
The effect ripple® °** through the automotive, building, and

agricultural indu?"'*s. The energy shortage also affected residen-
tial and commercial lighting, heating, and cooking. This, in turn,
led to loss of productivity and reduced quality of life, and ad-
versely impacted public health. To this day, hospitals remain
unheated in the </"'*">">d lack electricity to run medical equip-
ment. By 1996, total commercial energy consumption throughout
society fell by 51 percent.”

Perhapsin no’"er sector was the crisis felt more acutely than
in agriculture. T'* energy crisis quickly spawned a food crisis
which proved to t>° fatal. Modern industrialized agriculture col-
lapsed without fossil fuel inputs. It is estimated that over three
million people hs'* died as aresult.”

THE COLLAPE OF AGROULTURE IN THE DFRK

The following gr,’)ph, produced by Jean Laherrere, illustrates the
relationship between petroleum consumption and agricultural
collapse in DPRK-* Note that the decline of agricultural produc-
tion follows verydosely the decline of petroleum consumption.
Also note that the''**" petroleum consumption after 1997 is not
mirrored by aris' i" agricultural production. Agriculture begins
to make a comeb“k> but appears to enter another decline some-
time around 1999-We do not have enough data at present to state
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conclusively the reasons why this recovery has faltered. Itislikely
a combination of factors, such as failure of farm equipment and
infrastructure, adverse weather, and — quite likely — the failure
of soils which have been depleted of minerals over the past
decade. In any case, the above graph sums up the agricultural
collapse of DPRK and hints at the suffering that collapse has
entailed.

Fertilizer

Agriculturein DPRK requires approximately 700,000 tons of fer-
tilizer per year.” The country used to manufacture 80 to 90 per-
cent of its own fertilizers, somewhere from 600,000 to 800,000
tons per year. Since 1995, it has had difficulty producing even
100,000 tons per year. Aid and foreign purchases brought the total
for 1999 to 160,000 tons, less than one quarter of the required
amount.”

The DPRK fertilizer industry relies on coal as both an energy
source and a feedstock. It requires 1.5 to 2 million tons of coal
per year to produce 700,000 tons of fertilizer.”” To obtain this
coal, the fertilizer industry must compete with the steel industry,
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electricity generation, home heating and cooking needs, and a
host of other consumers. Flooded mine shafts and broken-down
mining equipment have severely cut the coal supply. Likewise, de-
livery of this coal has been reduced by the breakdown of railway
infrastructure. Furthermore, transporting two million tons of
coal by rail requires five billion kilowatt hours of electricity,”
whileelectricity isin short supply because of lack of coal, silting of
dams, and infrastructure failure. So once again we have another
vicious positive feedback loop. Finally, infrastructure failure lim-
itstheability to ship thefertilizer— 1. 5to 2.5 milliontonsinbulk
— from factories to farms.”

The result of this systemic failure is that agriculture in DPRK
operates with only 20 to 30 percent of the normal soil nutrient in-
puts.” Thereduction in fertilizer is the largest single contributor
to its reduced crop yields. Tony Boys has pointed out that to run
the country's fertilizer factories at capacity would require the en-
ergy equivalent of at least fivemillion barrels of oil, which repre-
sents one quarter of all the oil imported into DPRK in recent
years.” However, even capacity production at this point would be
inadequate. For the past decade, soils in the DPRK have been de-
pleted of nutrients to the point that it would now require a mas-
sive soil building and soil conservation program to reverse the
damage.

Diesel  Fuel
Agriculture has been further impacted by the limited availability
of diesel fuel. Diesel fuel is required to run the fleet of approxi-
mately 70,000 tractors, 8,000 tractor crawlers, as well as 60,000
small motors used on small farms in DPRK.* Diesel is also
required for transporting produce to market and for food pro-
cessing equipment. It is estimated that in 1990, North Korean
agriculture used 120,000 tons of diesel fuel. Since then, the
amount used by agriculture has declined to between 25,000 and
35,000 tons per year.”

Compounding the diesel supply problem isits military alloca-
tion, which has not been cut proportionally with the drop in pro-
duction. Only after the military takes its allocation can the other
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sectors of society — including agriculture, transportation, and
industry — divide the remainder. So, whiletotal supplies of diesel
have dropped by 60 percent, the agricultural share of the remain-
der hasfallen from 15 percent in 1990 to 10 percent currently.” In
other words, agriculture must make due with 10 percent of 40
percent, or 4 percent of the total diesel supply of 1990.

The result is an 80 percent reduction in the use of farm equip-
ment.* There is neither the fuel nor the spare parts to keep farm
machinery running. Observers in 1998 reported seeing tractors
and other farm equipment lying unused and unusable while
farmers struggled to work their fieldsby hand. The observers also
reported seeing piles of harvested grain left on the fields for
weeks, leading to post-harvest crop losses.*

Lost mechanized power has been replaced by human labor
and draff animals. In turn, due to their greater work load, human
laborers and draft animals require more food, putting more strain
on an already insufficient food supply. And although a greater
percentage of the population is engaged in farm labor, they have
found it impossible to perform all of the operations previously
carried out by machinery.*

Irrigation
Finally, the agricultural system has also been impacted by the de-
creased availability of electricity to power water pumps for irriga-
tion and drainage. The annual amount of electricity necessary for
irrigation throughout the nation stands at around 1.2 billion kilo-
watt hours. Adding another 460 million kilowatt hours to operate
threshing and milling machines and other farm equipment
brings the total needed for agriculture up to 1.7 billion kilowatt
hours per year.” This does not include the electrical demand for
lighting in homes and barns, or any other rural residential uses.
Currently, electricity available for irrigation has declined by
300 million kilowatt hours, and electricity for other agricultural
uses has declined by 110 million kilowatt hours. This brings the
total electrical output currently available for agriculture down to
1.3 billion kilowatt hours — a shortfall of 400 million kilowatt
hours from what is needed.
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In reality, the situation for irrigation is even worse than indi-
cated by these figures. Irrigation is time sensitive — especially in
the case of rice, which is DPRK's major grain crop. Rice produc-
tion depends on carefully timed flooding and draining. Rice is
transplanted in May and harvested in late August and early Sep-
tember. From planting to harvest time, the rice paddies must be
flooded and remain in water. In DPRK virtually all rice irrigation
ismanaged with electrical pumps; over half of the pumping for all
agriculture takes place in May. Peak pumping power demand at
thistimeis at least 900 megawatts. This represents over one-third
of the country's total generating capacity.” The energy crisis has
had a severe impact on rice irrigation.

On top of this, the national power grid is fragmented, so that
at some isolated points along the grid, irrigation demand can
overtax generating capacity. This overtaxed system is also dilapi-
dated, suffering the same disrepair as other energy infrastructure,
both due to weather disasters, the age of the power stations and
transmitters, and the lack of spare parts.

The records of three major pumping stations showed that they
suffered an average of 600 power outages per year, spending an av-
erage of 2,300 hours per year without power. These power failures
resulted in an enormous|oss of water, translating into anirrigation
shortfall of about one-quarter of the required amount of water.”

HOME ENERGY USAGE

Home energy usage is also severely impacted by the energy crisis,
and — particularly in rural areas— home energy demand in turn
impacts agriculture. Rural residential areas have experienced a50
percent drop in electricity consumption, resulting in a declinein
basic services and quality of life. Homes in rural villages rarely
have electrical power during the winter months.” As has already
been mentioned, hospitals and clinics are not excluded from this
lack of power.

Rural households use coal for heating and cooking. The aver-
age rural household is estimated to require 2.6 tons of coal per
year. Thetotal rural coal requirement is3.9 million tons annually.
Currently, rural areas receive a little more than half of this.” On
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average, rural coal use for cooking, heating, and preparing animal
feed has declined by 40 percent, down to 1.6 tons per year.” Even
public buildings such as schools and hospitals have limited coal
supplies.

To make up for the shortfall in coal, rural populations are in-
creasingly turning to biomass for their heating and cooking en-
ergy needs. Herbage has been taken from competing uses such as
animal fodder and compost, leading to further decreased food
supplies. Biomass scavengingis also stressing all rural ecosystems
from forests to croplands. Biomass harvesting reduces ground
cover, disrupts habitats, and leads to increasing soil erosion and
siltation.

Moreover, biomass foraging requires time and effort when
other labor requirements are high and food supplies are low. This
contributes to the positive feedback |oop of calorie requirements
versus food availability. It is estimated that 25 percent of the civil-
ian workforce was employed in agriculture in the 1980s. By the
mid-1990s, that had grown to 36 percent.” Furthermore, agricul-
tural work has grown much more labor intensive. Farm labor is
conservatively estimated at a minimum of 300 million person-
hours per year. However, researchers point out that this number
could easily be higher by a factor of two or more.” Workers are
burning more calories and so require more food. This is further
complicated by greater reliance upon draft animals with their
own food requirements. So necessary caloric intake has actually
increased as food production has decreased, |eading to increasing
malnutrition.

IMPACTS ON HEALTH AND SOCIETY

US congressmen and others who have visited North Korea tell
stories of people eating grass and bark. Other reports talk of sol-
dierswho are nothing more than skin and bones. Throughout the
country there is starvation to rival the worst found in Africa
Chronic malnutrition has reached the point where many of its
effectsareirreversible.”

A study of children aged 6 monthsto 7 years found that 16 per-
cent suffered from acute mal nutrition — one of the highest rates
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of wasting in the world. Three percent of the children suffered
edema, 61 percent were moderately or severely underweight and
62 percent suffered from chronic malnutrition, which can lead to
irreversible stunting.*

Furthermore, malnutrition weakens the immune system, leav-
ing the population even more vulnerable to contagions. And the
lack of fuel for boiling water has led to arise in water-borne dis-
eases. Without electricity and coal, hospitals and clinics have be-
come harbors of despair, where only the hopeless go for
treatment.”

The situation in DPRK has rendered the country even more
vulnerable to natural disasters. The country lacks the energy re-
serves to recover from the natural disasters of 1995-1997, much
less to withstand future such disasters. The infrastructure is frag-
mented and in disrepair. There is a very real threat that portions
of the infrastructure, such as the electrical grid, may fail alto-
gether. Complete electrical grid failure would result in a near-
completecroploss.”

So far, the people of DPRK have faced this crisis together. But
continued deprivation may very well lead to rivalry, regional frag-
mentation, social breakdown, and internecine fighting. Rural
society is currently faring better than the urban population, and is
actually absorbing urban workers to help meet the rising labor
demands of agriculture. But worsening conditions and wide-
spread flight from the cities could lead to violent confrontations.
It is even possible that rural instability could eventually result in
civil war.

A MODEL FOR DISASTER

The history of DPRK through the 1990s demonstrates how an
energy crisisin an industrialized nation can lead to compl ete sys-
temic breakdown. Only outside help has allowed DPRK to make
any recovery. Of particular noteishow the energy crisis sendsrip-
ples throughout the entire structure of society, and how various
problems act to reinforce each other and drag the system further
down. The most serious consequence is found in the failure of
modern agriculture and the resulting malnutrition. The collapse
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of infrastructure not only makes it more difficult to deal with the
decline of agriculture and other immediate disasters, but acts to
amplify the crisis and leads to further social disintegration.

The various far-flung impacts and the numerous interlinking
problems render the crisis nearly impossible to remedy. Even with
a healthy economy, it is doubtful that North Korea could now re-
pair its degenerated society. Though the original problem may
have been alack of fuel, it cannot be corrected now by asimplein-
crease in fuel supply. At this time, it will take an international
effort to save the people of North Korea. And given the current
political animosity between DPRK and the US, it is doubtful that
thisinternational effort will take place.

The painful experiences of DPRK point out that dealing with
an energy crisisis not just a matter of finding an alternative mode
of transportation, an alternative energy source, or a return to or-
ganic agriculture. We are talking about the collapse of a complex
system, inthis case asocial system which evolved gradually from a
labor intensive agrarian society to a fossil fuel-supported indus-
trial, technological society. It simply isnot possibleto step back to
an agrarian society all at once, or to take aleap forward into some
unknown high-tech society. Complex systems change gradually,
bit by bit. Faced with immediate change, a complex system tends
to collapse.

For aworld facing the end of growing energy production, this
means that the changes should have begun decades ago, giving
time for a gradual transition. We had our warning back in the
1970s, when there might have been time to make atransition to a
society independent of fossil fuels. Now it issimplytoo late. Itisa
waste of our time talking about a hydrogen future, or zero point
energy, or abreakthrough in fusion. Even if we could find a quick
technological fix, there is no time left to make the transition. Our
only hope now liesin agrassroots effort to change to a sustainable
system, and that is where we should direct our efforts. As anyone
familiar with wilderness survival knows, when you give up hope,
you give up.
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climate, with alonger growing season. Cuba also has abetter ratio
of population to arable land, though most of the arable land is not
of the best quality." Cuba has alarge percentage of scientists, engi-
neers and doctors in its population. With only 2 percent of Latin
America's population, Cubaholds 11 percent of the region's scien-
tists.” Even before the crisis provoked by the collapse of the Soviet
Union, Cuban scientists had begun exploring alternatives to fossil
fuel-based agriculture. Research into ecological agriculture began
back inthe 1980s. By thetime of the crisis, a system of regional re-
search institutes, training centers, and extension services was in
place to quickly disseminate information to farmers.” And finally,
the Cuban government had social programs in place to support
farmers and the population through the crisis and the transition
into ecological agriculture.

Beforelooking at the crisis and the Cuban response, it is neces-
sary to look briefly at Cuban society before the crisis, particularly
rural society and the agrarian reforms of past decades. It is here
that the groundwork was laid for a successful transition.

A Short History

Before the 1959 revolution, there was one word to describe Cuba:
inequality. Only 8 percent of the farmers controlled 70 percent of
the land. US interests controlled most of the economy, including
most of the large plantations, a controlling interest in the sugar
production, the mining industry, oil refineries, electrical utilities,
the communications system, and many of the banks.*

The majority of the rural labor force consisted of landless, sea-
sonal workers without schooling, healthcare, electricity, or run-
ning water. They earned their living during only three months of
the year — at planting time and at harvest. Rural workers were
lucky to earn one-quarter of the national income.*

At the time of the revolution, most of the wealthy landowners
fled to the United States. Their former holdings were expropri-
ated and given over to the laborers. The Cuban revolution has
been followed by three periods of agrarian reform, first in 1959,
secondly in 1963, andfinally the current land reform of the 1990s.
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Thefirst reform limited private land owning to 1,000 acres. This
tripled the number of small farmers and replaced the large plan-
tations with state farms. The second agrarian reform further lim-
ited private land ownership to 165 acres per person.® The land
reform of the 1990s is more properly called a controlled privatiza-
tion. We will discuss it later.

By 1965, state farms controlled 63 percent of the arable land,
and over 160,000 small farmers owned and worked an additional
20 percent.” The small farmersjoined farmer associations, Credit
and Service Cooperatives (CCSs) and Agricultural Production
Cooperatives (CPAs), which together controlled 22 percent of the
arable land. The CCSs and CPAs are in turn confederated in the
National Association of Small Producers (ANAP), which pro-
vides training and a number of services to its members and nego-
tiates with the government for prices and credit. ANAP members
produce 52 percent of the vegetables grown in Cuba, 67 percent of
the corn, and 85 percent of the tobacco.” Another 20,000 small
farmers own their land independently of cooperatives. These
unaffiliated private farmers own about one percent of the arable
land.’

The agrarian reforms succeeded because the government
was truly intent on redistributing wealth and creating a more
equitable society. Farmers and cooperatives were supported with
low-interest credit, stabilized prices, a guaranteed market, tech-
nological assistance, transport, and insurance. The government
also enacted laws which prevented the reconcentration of land,
effectively blocking former plantation owners from slowly buying
back their estates. The revolution took back control of Cuba from
the US through laws banning foreign ownership of property.
Cuba's isolation, in fact, had some positive benefits: it allowed
Cubans to realize their social transformation without outside in-
tervention. And finally, the population was educated and pro-
vided with decent health care.

By the 1980s, Cuba had surpassed most of Latin America in
nutrition, life expectancy, education, and GNP per capita. The lit-
eracy rate was an astonishing 96 percent, and 95 percent of the
population had access to safe water.” Cubans achieved a large
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degree of equity and industrialization through a trade regime that
was highly import-dependent. Importing transportation vehi-
cles, machinery, and fuel allowed them to build up their industrial
base, which they did in a more equitable manner.

From the time of the revolution to the 1980s, Cuban agricul-
ture became more mechanized than any other Latin American
country's. By the end of the 1980s, state-owned sugar plantations
covered three times more farmland than did food crops. Sugar
and its derivatives made up 75 percent of Cuba's exports, sold al-
most exclusively to the Soviet Union, Eastern and Central Europe,
and China."

However, because Cuban agriculture was overwhelmingly
dedicated to sugar, tobacco, and citrus, the country had to import
60 percent of its food, all from the Soviet bloc. Cuba also im-
ported most of its oil, almost half of its fertilizer, 82 percent of its
pesticides, 36 percent of its animal feed for livestock, and most of
the fuel used to produce sugar.” This system of imports and ex-
ports allowed Cubato modernize and raise the standard of living
and quality of life for all its residents. However, its dependence on
the Soviet Union and the focus on sugar production left the coun-
try extremely vulnerable should anything happen to its major
trading partner.

Crisis
The first few years after the Soviet Union collapsed had a severe
impact on Cuba. Almost overnight, Cuba lost 85 percent of its
trade. Fertilizer, pesticide, and animal feed imports were reduced
by 80 percent. * Imports of fertilizer dropped from 1.3 million
tons per year to 160,000 tons in 2001. Herbicide and pesticide im-
ports dropped from a combined 27,000 tons to 1,900 tons in
2001.* And petroleum supplies for agriculture were halved.*
Food imports, which had accounted for 60 percent of Cuba's
food, were also halved.” And by 1994, agricultural production had
dropped to 55 percent of the 1990 level."” Per capita daily caloric
intake dropped from 2,908 calories in 1989 to 1,863 calories in
1995, adecrease of 36 percent. Protein intake decreased by 40 per-
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cent,” and dietary fats dropped 65 percent.”” There are estimates
that from the collapse of the Soviet Empire to 1994 the average
Cuban lost 20 pounds.” Undernourishment jumped from less
than 5 percent to over 20 percent, the largest increase in all of
Latin Americaduring the 1990s.*

The crisis was compounded by the US, which tightened its al-
ready stringent economic blockade. Throughout the worst years
of the crisis, 7,500 excess deaths per year can be directly attributed
to the US sanctions.”

Two government policies are credited with preventing the cri-
sis from becoming catastrophic: food programs targeting partic-
ularly vulnerable populations (the elderly, children, and pregnant
and lactating mothers), and the food distribution ration card
which guaranteed a minimum food provision for every citizen
(albeit greatly reduced from former levels). This government-
maintained safety net kept the crisis from reaching depths com-
parable to North Korea, while giving the country breathing space
to redesign its agricultural sector to meet the challenge.

The agrarian reforms of the mid-1990s were the key to recov-
ering from the food crisis, but they could not have worked with-
out the earlier agrarian reforms and without an educated and
modernized peasantry unique in Latin America. The Cuban mir-
acle is the product of a people with vision and solidarity.

The Cuban Miracle

Cuba's economy is now recovering from the loss of its closest
trading partner. Cuban GNP has grown every year since 1995.
There have been solid gains in employment, productivity, and ex-
ports. Fruit production has returned to its 1989 level (and even
surpassed it in the case of plantains). Vegetables and tubers for
domestic consumption have seen a prodigious increase in pro-
duction. Daily food intake has climbed to 2,473 calories per per-
son, a 33 percent increase over caloric intake in 1994.* Observers
the world over have pronounced the Cuban efforts a success.
Single-handedly, without help from either the World Bank or the
International Monetary Fund (and in total contrast to the normal
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World Bank and IMF reform policy), Cuba has disproved the
myth that organic agriculture cannot support a modern nation.
Agrarian reform in the 1990s centered on creating a new system of
sustainable agriculture, developing healthy markets, and convert-
ing the unwieldy state farms into worker-owned cooperatives.

For decades, Cuban scientists had been aware of the negative
effects of industrialized agriculture. Soil erosion and mineral de-
pletion had been amarked problem. Before the crisis of the 1990s,
scientists had already developed organic and ecological methods
of farming. Following the crisis, the Cuban government em-
braced these new methods and promoted them with new agrarian
policies. By comparison, in North Koreathere waslittle interestin
organic agriculture before their crisis. North Korean science and
technology were dedicated to industrialization, just as the gov-
ernment was dedicated to militarization.

The task was to convert the nation's agriculture from high-
input, fossil fuel-dependent farming, to low-input, self-reliant
farming. Farmers did this by first remembering the techniques
that their ancestors had used before the advent of industrial agri-
culture, like intercropping and manuring. Secondly, farmers used
new environmental technologies offered as the result of scientific
development, such as biopesticides and biofertilizers. Biopesti-
cides — using microbes and natural enemies to combat pests «—
were introduced along with resistant plant varieties, crop rota-
tion, and cover cropping to suppress weeds. Biofertilizers were
developed using earthworms, compost, natural rock phosphate,
animal manure and green manures, and the integration of graz-
ing animals. To replace tractors, farmers returned to animal
traction.

BASC UNITS OF COOFERATIVE ARODUCTION (UBPCs)

The large state farms were incompatible with this new paradigm.
Agroecological farming simply does not work on a large farm. In
industrial farming, a single technician can manage thousands of
acres without intimate knowledge of the land he is overseeing. A
few random observations will provide him with all the input he
needs to write out instructions for the application of a particular
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fertilizer formula or pesticide to be applied with machinery over
the entire area. However, in agroecological farming, the farmer
must be intimately familiar with every patch of soil, knowing ex-
actly where to add fertilizer, and where pests are being harbored
or are entering the field. Smaller farms were easier to manage, and
more compatible with sustainable agriculture.

In September 1993, the government instituted a new program
to restructure state farms as private cooperatives owned and
managed by the workers. These new cooperatives were called
Basic Units of Cooperative Production (UBPCs). The new pro-
gram transferred 41.2 percent of the arable land — most of the
state farms in the country — into 2,007 new cooperatives with a
membership totaling 122,000 people.” To link the workers to the
land, the cooperative owns the crops and members are compen-
sated based on their productivity, not their timesheet. This pro-
vides a greater incentive within the cooperative, yet allows it to

offer larger economies of scale, mechanization, and collectivist
spirit.”

AGROECOLOGY

Agroecology is the science of applying ecological concepts and principles to
the design, development, and management of sustainable agricultural sys-
tems. It is a whole systems approach to agriculture that embraces environ-
mental health and social equality, while balancing these with economic via-
bility. The goal is long term sustainability for all living organisms, not just
humans.
Agroecology is guided by many principles, but these can all be placed

under the following broad categories:

« Use renewable resources

« Minimize toxic inputs and polluting outputs

« Conserve resources

* Manage and re-establish ecological relationships

« Adjust to local environments

« Diversify

« Empower people

* Manage whole systems

* Maximize long-term benefits

« Value the health of all living things and ecosystems

For more information, visit http://www.agroecology.org/
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Although the government retains ownership of the land, the
UBPCs are granted a free lease to it. The government then con-
tractswith the UBPCs for the crops and amountsto be grown. On
the basis of these contracts, the government sells the necessary
agricultural inputstothe UBPCs.

The new system has not been without problems. Most notably,
thereisfriction between the UBPCs and local officials of the Min-
istry of Agriculture who still behave asthough they are in control
of the cooperatives. However, the trend is clearly heading toward
greater autonomy for the cooperatives.

PRIVATE FARMING

The holdings of private farmers have also grown in the last
decade. Since 1989, the government has turned over nearly
170,000 hectares of land to private farmers.*” Although the gov-
ernment retains title to the land, private farmers and CPAs can
farm it rent-free for an indefinite period of time. As aresult, many
Cubans now view farming as an opportunity and many families
have left the citiesto become farmers. The ANAP claims that its
membership expanded by 35,000 from 1997 to 2000.* The new
farmers tend to be young families (many of them college edu-
cated), early retirees, or workers with a farming background.

The Credit and Service Cooperatives (CCSs), made up of
small, independent farmers, have outperformed the CPAs, the
UBPC cooperatives and the state farms. And this achievement has
come despite limited credit. As a result, the ANAP began a pro-
gram in 1998 to strengthen the business side of the CCSs. CCS co-
operatives are now allowed to open bank accounts, hire market
representatives, and plan collectively. Oncequalified as"strength-
ened," a CCS gainsthe ownership of machinery and the ability to
collectively market the goods of its members.*

URBAN AGRICULTURE

Another bright spot in the reforms is urban agriculture, though
this originated as a spontaneous development which was later
backed by policies. Today, half the produce consumed in Havana
isgrown in that city's urban gardens. Overall, urban gardens pro-
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duce 60 percent of the vegetables Cubans consume. Urban farm-
ersgrow the equivalent of 215 grams of vegetabl es per day per per-
son for the entire population.®

Neighborhood gardens and community horticultural groups
not only produce food for their members, they donate produce to
schools, clinics, and senior centers, and still have enough excess
produce to sell in the neighborhood. Neighborhood markets sell
produce at well below the cost of the larger community markets,
providing fresh vegetables for those who cannot afford the higher
prices. By the beginning of theyear 2000, therewere 505 vegetable
stands in Cuban cities, with prices 50 to 70 percent lower than at
farmers markets.

Recognizing the potential of urban agriculture, in 1994 the
government created an urban department in the Ministry of
Agriculture. The Urban Agriculture department formalized the
growers' claims upon vacant lots and legalized their rights to sell
their produce. The department has acted to support and promote
urban agriculture without attempting to impose its authority
upon the movement. Laws require that urban produce be com-
pletely organic, and ban the raising of livestock in urban areas. All
residents can claim up to one-third of an acre of vacant land on
the edge of the major cities. By the beginning of the year 2000,
more than 190,000 people had applied for and received these
personal lots.” The government has also opened a number of
neighborhood agricultural stores to supply organic inputs and
extensionservices.

Gardeners are empowered by working to provide food for
themselves and their neighbors. As one urban gardener said, "We
don't have to wait for a paternalistic state to do things for us. We
can do it for ourselves."*

There are many diverse forms of gardening referred to collec-
tively as urban gardening. The most common are organdponicos,
which farm raised beds of organic material, utilizing biological
pest control and organic fertilizer. Some organdponicos even have
micro-jet irrigation and mesh shading. Organdponicos are highly
productive, yielding anywhere from 6 to 30 kilograms of produce
per square meter.”
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AGRICULTURAL MARKETS

In October 1994, the Cuban government opened 121 agricultural
markets throughout the country.* As an immediate consequence,
the black market in basic food items virtually disappeared. Food
prices in the open market were a good deal less than on the black
market. The free markets also quickly demonstrated that they led
to increased production and spurred higher quality and greater
diversity in produce.

Over time, however, supply and demand pricing did result in
rising food prices. By theyear 2000, food purchases could take up
as much as 60 percent of the average Cuban salary. The poor and
the elderly turned to urban vegetable stands offering produce
from urban gardens.

Studies have shown that the major culprit in rising market
prices were the distributors. The lack of fuel in Cuba has resulted
in severe transportation shortages. The few people who did own
trucks colluded to pay little to the farmers and then charge high
prices to the vendors. Some distributors have gained profits of as
much as 75 percent.*

To combat this problem, the Ministry of Agricultureis giving
used trucksto private cooperativesto allow them to bypassthe dis-
tributors and take their goods directly to market. The remaining
statefarms are also sellingtheir produce at low pricesin state agri-
cultural markets, in an effort to drive down prices. The experiment
in free agricultural markets has shown Cubans that there must be
some government controls on price gouging and collusion.

Results

Though caloric intake has not yet reached the levels of the 1980s,
few would dispute that domestic food production in Cuba has
made aremarkable recovery. During the 1996-1997 growing sea-
son, Cuba attained its highest ever production level for ten of the
thirteen basic items in the Cuban diet.”” And in 1999, agriculture
productionincreased by 21 percent over the previousyear.* Com-
paring food productionto 1989 levelsis not quite so favorabl e, but
still impressive.
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Animal protein production still remains close to depressed
1994 levels. This is partially because the market reforms cannot
apply to meat, eggs and milk, which are not easily sold in farmers
markets, due mostly to lack of refrigeration. Likewise, the agro-
ecological model is not so easily applied to animal production.
But the biggest factor keeping animal protein production down
is that the transition from industrial animal breeding to sus-
tainable, ecologically feasible animal breeding must proceed at
a much slower pace than the similar transition in agriculture.
Factors slowing the transition in animal breeding include waste
disposal, disease control, and humane treatment of the animals.

Exports are still considerably lower than 1989 levels. Only
citrus exports have regained that level. Coffee and tobacco ex-
portsstill lag behind, and sugar exports are only a fraction of 1989
levels.” In the case of sugar production, the US embargo and the
low price of sugar on the world market are keeping production
depressed. But the Cuban government is formulating plans to
increase sugar exports in an attempt to bring in much-needed
foreign revenue and investment.

Aside from restoring export levels and animal protein produc-
tion, the future of the new Cuban agricultural model faces three
major challenges: reconciling price distortions between the US
dollar and the Cuban peso, reconciling state control and private
initiatives, and overcoming limits to the ecological model. Con-
cerning this latter challenge, agroecological farming requires
more land and more labor than industrial farming. While Cuba
does have the land base to continue agricultural expansion, rural
areas have experienced a labor shortage. Only 15 percent of the
Cuban population lives in the countryside.* The agricultural sec-
tor has been able to reverse the rural-to-urban migration and at-
tract the necessary workforce, but nobody is certain how long this
reversal will continue. And thenthereisthe uncertain balance be-
tween farm labor requirements, the higher caloric intake neces-
sary for busy farmhands, and agricultural production.

The new Cuban model of agriculture faces many challenges,
both internally and externally, but that does not diminish its cur-
rent success. And there are many analysts who feel that the Cuban
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experiment may hold many of the keys to the future survival of
civilization.

Cuba's Example

The World Bank has reported that Cuba is leading nearly every
other developing nation in human development performance.
Senior Bank officials have even suggested that other developing
countries should take a closer look at Cuba.” This is despite the
fact that the Cuban model flies in the face of the neoliberal re-
forms prescribed by both the World Bank and the IMF. Because
Cuba's agricultural model goes so against the grain of orthodox
economic thought, the World Bank has called Cuba the "anti-
model."

Indeed, Cuba's fastest growing export is currently ideas. Cuba
regularly hosts a number of visiting farmers and agricultural
technicians from throughout the Americas (excluding the US),
and elsewhere. Cuban agriculture experts are currently teaching
agroecological farming methods to Haitian farmers. Ecol ogists as
well as agricultural specialists are finding great promise in the
idea that biodiversity is not just a conservation strategy, but a pro-
duction strategy too.

As declining fossil fuel production impacts civilization, Cuba
may find itselfin aposition to help lead the world into sustainable
agriculture. Currently, few countries are willing to invest in
human capital and infrastructure the way that Cuba has, but
hopefully thiswill change in the years ahead.

Resistance to Cuban-style agricultural reform would be par-
ticularly stiffin the United States. Agrobusinesswill not allow all
of its holdings and power to be expropriated. Nor is the US gov-
ernment interested in small farms and organic agriculture. The
direction of US agriculture is currently towards more advanced
technology, greater fossil fuel dependency, and less sustainability.
The ability of small farmers and urban gardens to turn a profit is
effectively drowned out by the overproduction of agribusiness.

However, now isthe time for people to study agroecol ogy (and
permaculture as well), with an eye towards implementing this
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technology once declining fossil fuel production sparks acrisisin
industrial agriculture. Our survival will depend upon our ability
to implement these ideas once the current technology has failed.
The North Korean exampl e shows that the alternative is unthink-
able, and the Cuban example shows what is possible.






Building a Sustainable Agriculture

Food Security

Cubaand North Koreaare both special cases. These countries lost
their energy base in the course of afew short years. The result was
an instant crisis. The decline of world energy production will
happen at a much slower pace, and that pace could offer the op-
portunity to make a successful transition to a more sustainable
food system.

It is a question of the rate of decline and how the world reacts
to that decline. A rapid decline of seven percent or faster will not
allow us an opportunity for transformation. However, a decline of
two percent per year (which is what many experts expect) could
be accommodated by a transition to a stable-state economy, sus-
tainable agriculture, and a natural decline in the world's popula-
tion with a minimum of suffering. This is barring an economic
panic or global resource wars.

There is already a global movement towards sustainable agri-
culture. In order to make the transition, this movement needs
wide support. We al need to introduce sustainable practices into
our lives and into our communities. What isrequired isacomplete
transformation in the way we interact with our environment, not
just on our farms, but in our cities and suburbs, and throughout
the whole range of human-environment interaction. We need to
integrate food production back into our daily lives, by gardening,
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foraging, and animal husbandry. Farms need to practice sustain-
able agriculture and should be recognized for the vital service they
could and should be providing to surrounding communities.

Food security is a matter of homeland security. To have food
security, especially in the face of emergencies, a community
should be able to provide 30 percent of the food required by its
residents. The rest would come from neighbouring farms.
Presently in the US, less than five percent of food is produced
locally." To provide food security, we need a localized system of
food distribution from farms practicing sustainable agriculture,
in combination with urban farming and permaculture.

Sustainable Agriculture

The practices that are referred to as sustainable agriculture are
numerous and vary depending on the local ecology. However, a
number of general practices are more or less common to all sus-
tainable agriculture systems. These are crop rotation, cover crops,
no-till or low-till farming, soil management, water management,
crop diversity, nutrient management, integrated pest manage-
ment, and rotational grazing. While sustainable farming does not
always engender organic farming, for the purposes of this discus-
sion we will assume that it does. Organic farming is the most
practical method of reducing fossil fuel input at the level of pro-
duction.

A number of articles and organizations make bold claims
about organic farming, stating that it could feed the entire current
human population and provide increased production over pres-
ent methods of industrialized agriculture. These claims appear to
misinterpret the data.

Studies have shown that sustainable agriculture can produce
an average 93 percent increase in food production per hectare.’
However, this increase diminishes as the size of the farm in-
creases. At some unknown critical scale, industrial farming be-
comes more efficient. As a rule, organic crops only require 50
percent of the energy input per unit area that conventional crops
require. This savings comes from the reduction of artificial fertil-
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izers and pesticides.” But when the energy input is calculated per
unit of output rather than unit of area, the lower yields of large-
scale organic farming reduce the energy ratio. Here too, the larger
the operation, the larger the energy costs with regards to planting
and harvesting.

Sustainable agriculture, for all intents and purposes, means a
return to small-scale farming, where the acreage can be managed
by afamily, and a horse or mule with a plow. John G. Howe, are-
tired engineer, has developed a ten horsepower solar-powered
tractor that uses no gasoline and could provide much of the me-
chanical energy needed on a small farm.* His book, The End of
Fossil Energy and the Last Chance for Sustainability, offers a lot of
excellent advice. However, the dependence of solar technology on
fossil fuels for manufacturing energy and feedstocks, along with
the ramping up of solar cell production necessary for mass pro-
duction are problematic.

In comparing farm systems with natural ecosystems, we
quickly see that the basic problem with conventional agriculture
isthat it is not aclosed system. In nature, nutrients (most impor-
tantly nitrogen, phosphorus, and potassium) are cycled through
the system. Nutrients in an ecosystem flow from the physical en-
vironment through plants to animals. Then plant and animal
waste, along with dead organisms, are decomposed by fungi and
microbes, and returned to the physical system where they begin
the cycle all over again. True, some nutrients are lost to the local
ecosystem through runoff and by other means, but the amount of
these losses is small and is usually replaced by the process of
breaking down bedrock and soil formation.

In our conventional agricultural system, we bring in massive
amounts of nutrients from outside of the ecosystem. In our
efforts to maximize production, we abuse the ecosystem with a
flood of artificial and imported inputs. Then we ship the products
out of the ecosystem to be consumed by humans and ultimately
to be disposed of in landfills and sewage systems. Conventional
agriculture is a gigantic through system that depletes our re-
sources, exhausts our farmlands, and results in overwhelming
mountains of garbage.
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For a sustainable agriculture, and a sustainable society, we
need to close the loop and integrate agriculture with our settle-
ments, reestablishing the cycle of nutrients. Swedish engineer
Folke Gunther points out that two changes are needed for agri-
culture to mimic ecosystem nutrient circulation:

¢ Animal feed should be produced on the same farm as the ani-
mals, and animal wastes should be returned to the land where
the animals are fed, either directly or through composting and
effective mixinginto the soil.

e Through the use of source-separating toilets, nutrients ex-
ported as human food should be collected and returned to the
farmland uncontaminated.’

More information on the latter practice can be found in The
Humanure Handbook, by Joseph Jenkins.

Using phosphorus as the critical limiting nutrient required for
agriculture,® Dr. Gunther has shown that the phosphorus export
from 0.4 hectares of balanced agricultureis equal to the phospho-
rus content of excrement from five to seven people.” A balanced
agriculture will require between 0.23 and 0.15 hectaresto provide
the necessary nutrients for one human being. Thus, a 40 hectare
balanced farm could support around 200 people.*

Scaling up from this point, acommunity of 800 to 1,200 peo-
ple living in 3 or 4 connected settlements would require a bal-
anced agricultural area of 160 to 240 hectares. Adding in areas for
the improvement of local ecosystems and recreation would in-
crease the land required to 170 to 260 hectares.” A settlement of
this size could provide for the cultural and social needs of the
population, provide social diversity, and allow for the variety of
necessary skills and employment.

Large scale implementation of balanced and integrated agri-
culture would require a planned ruralization, where a portion of
the urban population would move into balanced settlements in
the hinterland of the urban areas. Cuba experienced a similar
rural migration of former city dwellers as a part of its agricultural
experiment. In a society converting to sustainability, this migra-
tion from the cities would be as natural a phenomenon as the
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urbanization of the past century was a natural phenomenon of
industrialization. The remaining urban population would need
to develop an integrated agriculture within their own cities, along
with a system for recycling their wastes.

Urban Agriculture

Urban food production is already a growing phenomenon
throughout the world. In 1996, urban farms produced 80 percent
of the poultry and 25 percent of the vegetables consumed in Sin-
gapore.” As a result of the failure of the Soviet Union, between
1970 and 1990, the number of Moscow families engaged in food
production rose from 20 to 65 percent." Currently, 44 percent of
Vancouver, British Columbia's population already grow some
vegetables in their gardens. There are over 80,000 garden allot-
ments along railroad tracks and elsewhere in Berlin, and the list
of those waiting for further allotments to become available is
nearly endless.” In the US, counties defined as urban or urban-
influenced grow 52 percent of the dairy products, 68 percent of
the vegetables, and 79 percent of the fruit consumed there.*

The potential for urban gardening is enormous. Community
gardens would be an excellent use of abandoned inner city areas.
Limited leases to abandoned lots could allow gardeners to pro-
duce immediate benefits from land that ordinarily lies vacant for
an average of 20 to 30 years. Instead of being magnets for litter,
rats, and crime, such lots could become showplaces and centers
for community socialization.

Other unused city lands that could be converted to agriculture
include portions of parks, utility right of ways, roadway medians
and center dividers, and unused school and hospital grounds.
Hospitals could keep their food bills down while adding healthy
fresh produceto their patients'diets. Likewise, schools could grow
produce for their lunch programs, while giving their students a
firsthand opportunity to learn about plant growth and farming.

There is one major unused surface area in cities that is well
suited to container gardening: rooftops. On the average, rooftops
comprise 30 percent of a city'stotal land area,** and rooftops enjoy



72 | EATING FOSSIL FUELS

the full benefit of sunshine and rainfall. Rooftop gardening could
provide a substantial portion of urban dwellers' food.

Taking this theme a step farther, some city streets could be
closed and converted to gardens and orchards. Likewise, some of
the streams that have been channeled into sewers could be
brought back to the surface, remediated, and even used for irriga-
tion. If agriculture were fully integrated into urban life, it could
conceivably produce a revitalized and verdant environment,
where communities are interlaced with gardens, orchards, park-
lands, and open waterways.

Community gardens have proven that they can not only feed
their members; they can also provide a source of fresh produce
for food kitchens, food banks and other food assistance pro-
grams. Meanwhile, home gardens make use of private yards,

COMMUNITY SUPPORTED AGRICULTURE

Typically, members or "share-holders" of the farm or garden pledge in ad-
vance to cover the anticipated costs of the farm operation and farmer's
salary. In return, they receive shares in the farm's bounty throughout the
growing season, as well as satisfaction gained from reconnecting to the land
and participating directly in food production. Members also share in the
risks of farming, including poor harvests due to unfavorable weather or
pests. By direct sales to community members, who have provided the
farmer with working capital in advance, growers receive better prices for
their crops, gain some financial security, and are relieved of much of the bur-
den of marketing.

From "Community Supported Agriculture (CSA): An Annotated Bibliog-
raphy and Resource Guide," Suzanne DeMuth.

www.nal.usda.gov/afsic/csa/csadef/htm

Community Supported Agriculture (CSA) programs directly link local
residents and nearby farmers, eliminating "the middleman" and increasing
the benefits to both the farmer and the consumer. In a CSA program, a
farmer grows food for a group of local residents (called "shareholders" or
"subscribers") who commit at the beginning of each year to purchase part of
that farm's crop. The shareholders thus directly support a local farm and re-
ceive a low-cost weekly or monthly supply of fresh, high-quality produce. The
farmers receive an initial cash investment to finance their operation and a
higher percentage of each crop dollar because of direct delivery. Both parties
jointly share the benefits and risks.

From "Community Supported Agriculture,” James Wilkinson.
www.rurdev.usda.gov/ocd/tn/tn20.pdf
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decks, balconies, rooftops, and even windowsills and indoor
aquariums to produce everything from tomatoes to honey to
small livestock and fish.

Farmers Markets and CSAs

Localized agriculture for all practical purposes requires the
revitalization of farmers markets. Farmers markets allow farmers
to reconnect to local communities, and allow residents to recon-
nect to the source of their food. They also cut the middleman out
of the food system, which is where the profits of commercial
agriculture have been increasingly concentrated over the past
century.

Farmers markets also reduce the energy costs of food distribu-
tion. A study in Toronto, Canada, found imported foods pur-
chased through the conventional food system traveled 81 times
farther than locally produced foods found at the farmers mar-
ket.”” Another study showed that if lowa produced just 10 percent
of the food it consumed, it would save 280,000 to 346,000 gallons
of fuel.”

CSAs represent another option for localized agriculture. CSA
is short for Community Supported Agriculture. InaCSA, acom-
munity or group of individuals pledge their support for a farm
operation and the farm, in return, shares its produce with the
CSA members. Members undertake a legal and/or spiritual ob-
ligation for the maintenance and continuing prosperity of the
farm. CSA members are given an opportunity to connect person-
ally with the source of their food, and may even participate
directly in its production. In exchange, the farmer receives capital
backing, better prices for his or her crops, financial security, and
freedom from having to market her or his produce.
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Twelve Fun Activities for Activists

IHE MOST LOGICAL and ethical thing for governments and
corporations to do in the face of a new era of energy depletion
would be to limit their energy consumption so as to begin con-
serving before the fact. Unfortunately, logic and ethics have little
to do with how the world is run.

It is naive to think that government and corporate decision
makers are genuinely concerned with the common good and
would be willing to temper current economic production to
offset some apparently distant problem. Numerous historical ex-
amples from just the last couple of hundred years, since the devel-
opment of modern representative democracy, illustrate that the
system does not work like this.

Thejob of government isto promote business as usual. Politi-
cians don't want to focus on anything beyond the next election,
particularly if the solution might hinder the economy. Likewise,
corporations are only interested in their immediate profits. This
is a very shortsighted system all the way around. It is more
profitable for all of them, at this moment, to maintain their state
of denial.

Our supposed decision makers really prefer to lead from the
rear. Every social and environmental advance that has ever oc-
curred started first by building a grassroots movement. Awareness
must first take root in the general population, building a popular
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consensus and demand for action before our supposed leaders
will climb on the bandwagon to take the credit. And even then,
the public must be wary that our leaders do not enact partial and
ineffective measures simply to placate the population.

Before we can ever hope for federal solutions, those of uswho
are aware of these problems need to reach the public and educate
them about the reality of energy depletion. We need access to the
media, and we need the support of powerful environmental
organizations or — if those organizations are too compromised
— we need to develop new organizations for community-based
action.

Unfortunately, al of this presents us with an uphill battle.
Even though peak oil is now being talked about more than it was
a few years ago, the media and the environmental organizations
still seem to be lined up against us. If they do mention the energy
crisis, then they are quick to tout their favorite solutions, whether
it is renewable energy, hydrogen fuel cells, or whatever. And let us
not even mention the government and corporate opposition.

There are some who think our governments are conspiring to
keep us in the dark while the elite vie for the best position in the
upcoming energy crisis. I'm doubtful of a system-wide conspir-
acy, but | suspect some knowledgeable players are milking the
most profits out of the current situation in preparation for what is
to come. Witness the profit statements posted by the oil majors. |
see nothing to support current energy prices in the latest data.
The system is beginning to strain, but oil and natural gas stocks
held commercially and by the federal government are well within
the five-year average.

Instead of a wide-ranging conspiracy to fleece the general
public and then bring the system down around their heads, |
think this denial is endemic to our current economic system. It
gives government and corporate decision makers little impetus to
grapple with the problem of energy depletion, and good reason to
cling to business as usual.

Most of our leaders are in fact deluded by their near-religious
faith in capitalism and the free market system. They place their
trust in technology and the power of the human intellect to over-
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come al problems. Their devotion and rapturous transcendence
are exceeded only by the fundamentalist Christians, with whom
many of them are closely allied.

Expecting our decision makers to lead us through this crisis
would be like asking the blind to lead the blind. Forget about
them; they surely have forgotten about us. Begin talking to your
neighbors and building awareness in your community. Organize
to create community gardens, community markets, and commu-
nity bicycle marts. Work with your neighbors on taking your
neighborhood off the grid. Develop a local currency or a system
of barter.

We cannot afford to play follow the leader. The only thing that
is going to see us through this crisis is grassroots community
action. And, indeed, this is the only thing that ever has worked
for us.

For those who are becoming aware of the great impact energy
depletion will have on our lives, the realization that we cannot
rely on our so-called leaders to solve these problems can lead to
panic and despair. The vast majority of the public hasn't got a
clue. If you try to inform them, most don't want to know, while
the rest place their faith in our leaders or in atechnological break-
through. How can we ever build a grassroots movement when
most people can't even perceive the problem?

Such is the case with all social movements: they start with a
small but active group of people who are the first to be aware of
the problem and the necessity for change. This is how the Viet-
nam War protest began, as well as the civil rights movement, the
environmental movement, and every other major grassroots
movement. They were all started by a handful of people scattered
through the general population. Their first steps were to network
with those who were aware, organize, and begin to broadcast their
message to any who might be listening. One important factor is to
provide a visible position that will attract attention as time goes
on and awareness spreads.

But energy depletion is different from all those other social
problems. In none of them was there a critical point beyond
which a solution was no longer possible. This might be the case,
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however, with energy depletion. The worry is that there isa point
of no return, where it has wreaked too much havoc with our eco-
nomic system, our agricultural and food distribution system, and
our manufacturing base — a point of no return beyond which
the total collapse of civilization can no longer be prevented or
even mitigated. Thisis what lies at the crux of the panic and de-
spair that strikes so many who become aware of the potential
consequences of energy depletion. This is certainly the issue that
worries me. Have we slipped too far down the road to Olduvai
Gorge? Is Richard Duncan correct? Are we to witness the end of
technological civilization within our lifetimes?

But if you do believe we have passed the point of no return, or

THE OLDUVAI THEORY

The Olduvai Theory was espoused by engineer Richard Duncan, and was
named after the Olduvai Gorge in Africa, where the oldest human remains
were found. At its simplest level, the theory states that the planet Earth holds
enough energy resources for only one technological civilization to evolve.
The life expectancy of this technological civilization will be around 100 years.

The theory is defined by per capita world energy production — the
amount of energy produced worldwide divided by the total world popula-
tion. The data marks out a roughly parabolic curve, encompassing the time
period from 1930 to 2030. The upward side of the curve was marked by the
spread of technology and electrical infrastructure. The downside of the
curve will be marked by rising energy prices and increasingly severe short-
ages and blackouts. The theory proposes that eventually humanity will re-
turn to a style of life that is local, tribal, and solar, without the frills and com-
forts of modern technology.

Richard Duncan charts world per capita energy production as rising at
345 percent per year from 1945 through 1973. From 1973 through 1979, pro-
duction slowed to 0.64 percent. Per capita production peaked in 1979. From
1979 until this writing, per capita energy production has remained fairly con-
stant. This plateau is expected to continue until around 2008, after which
time it will be followed by a steep decline. The decline in per capita energy
production will be closely mirrored by a decline in population. By the year
2030, per capita energy production will have fallen back to where it was in
1930, and Industrial Civilization will have ended.

For a more detailed account of the theory, see "The Olduvai Theory;
Energy Population and Industrial Civilization," Richard Duncan, The Social
Contract, Winter 2005-2006.
www.thesocialcontract.com
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soon will passit, then what are you doing here right now? Y ou had
best head for the hills and hope that the folks already in those hills
will still welcome you. If you hold no hope for a transition to a
sustainable society, then you had better learn to survive on your
own, build your little hideaway, and prepare to fight off the starv-
ing masses once they sniff you out.

The fact that you are reading these words suggests that you still
hope there is a chance for converting to a sustainable civilization.
And so long aswe can entertain such ahope, thereis still achance.
Thereis alot of talk of genetic determinism, and the collapse of
complex systems. These are interesting philosophical exercises,
but in the end they are just intellectual excuses for giving up on
humanity. Any person with survival experience can tell you this:
you give up your chance to survive when you give up hope and
stop trying. When you give up hope, you close the door on a sus-
tainable transition.

But it is questionable whether hope alone is enough. Y ou have
to become active; you have to put forth effort. Do not be dis-
suaded by negligible results; keep on trying. The secret to move-
mentsisthat they grow exponentially. For along time, it will seem
that you are making hardly any progress at all, and then you sud-
denly find yourself swamped by a flood of community awareness.

Thisiswhat we haveto plan for at present. We haveto organize
ourselves and prepare for the day when we are nearly overrun by
al of the people who suddenly see the problem. And we must
hold faith that this day will not arrive too late.

For now we need to organize. Start hosting energy depletion
or sustainability awareness gatherings in your house. Talk to your
family, your friends and your neighbors. Attend rallies and pro-
vide avisible presence. Carry signs, pass out fliers. Attend sustain-
ability and alternative energy conventions; be critical but call
attention to the need for low-tech, grassroots solutions — even
though they are clearly only partial solutions. Become a familiar
face at your local farmers market; join or start a community
garden. Be involved. Prepare yourself for a transition to self-
sufficiency, and at the same time be ready for the flood of atten-
tion that will come when energy depletion can no longer be
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ignored. Here follows a short list of activities that activists might
engage in to strengthen local food security and help to prepare
their community for a sustainable future.

Beinvolved and never give up hope.

Community  Vegetable Gardens

L obby your communities and neighbors to allow you to plant and
tend vacant lots. If you live in an apartment complex with a suit-
able roof, lobby the management to allow you to build and tend
planting boxes on the roof. This is an activity which can foster a
strong sense of community between you and your neighbors. You
could sell your excess produce at a discount to the local food bank
or soup kitchen. Or you could use the excess produce to start a
food bank or soup kitchen.

Operation  Johnny  Appleseed
Take a cue from that activist of American folklore and just start
planting. Always save your apple seeds, pear seeds, peach pits,
grape pips, cherry pips, etc. Save them and plant them wherever
you find a likely spot. You can do thiswith any hardy perennial —
fruits, roots, and a select group of vegetables. Y ou can even donate
a little money and time to the purchase and planting of saplings,
vines (grapes), bushes and brambles (blueberries and raspber-
ries), or runners (strawberries).

You could also take a tip from the American Indians and other
native peoples and promote the propagation of beneficial wild
plants. The study of permaculture lends itself to this activity.

Food Not Bombs

This is perhaps the best single idea to come out of the Anarchist
Movement in the last fifty years. What iswrong with the Salvation
Army, soup kitchens, and other charities? For one thing, the
majority of food charities expect something in return, usually a
religious conversion. But there is a more basic problem with tra-
ditional charities: they are charities. People who are well off are
taking time to help the downtrodden. However well-meaning,
those who come for the food are made to feel like beggars, be-
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holden for the charity they receive and dependent on the charity
of others.

In Food Not Bombs, fliers are passed out announcing an open
picnic at a local park, or some such place. The food is prepared
ahead of time and laid out where everyone can serve her or him-
self. And then everyone sits down to eat together.

Food Not Bombs picnics can be combined with educational
tours to identify local edible plants. You could even show off the
fruits of your free plantings or invite folks to help out with the lo-
cal community garden.

Farmers Markets and CSAs
If you can locate a nearby farmers market or Community Sup-
ported Agriculture (CSA), then patronize the former or join the
latter. CSAs are farms dedicated to serving their subscribers. For a
yearly subscription price, members are given a percentage of the
produce. Subscribers sometimes pitch in with the harvesting and
other activities. The farmers usually accompany their produce
with advice for food preservation.

If you can't find a local farmers market or CSA, then perhaps
you should consider organizing one.

Community  Transportation — Networks
This is an idea which is bound to become more popular as gas
prices go up. Form a community car pool, not just for the com-
mute to and from work, but to shopping centers and elsewhere.
You could set up alocal network to match up people who need to
go to specific places at specific times, so that they can share rides.
With the US becoming increasingly dependent on foreign oil,
and with US soldiers dying in oil wars, isn't it unpatriotic for each
single person to drive around by him or herself?

Bicycle Co-ops and Bicycle Trails

Bicycle co-ops could maintain a fleet of bicycles for the use of
members, or for temporary rental by non-members. The co-ops
would maintain the bicycles, and perhaps collect them and return
them to distribution centers. Bicycle co-ops could lobby local
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communities for bicycle trails, and perhaps donate time to the
maintenance of those trails.

Support Local Businesses, Particularly Co-ops

How many local businesses are left in the wake of globalization?
While supporting local businesses, press to ensure that those
businesses are ethical and responsible.

Form  Co-ops

There is no end to the essential services which could be provided
through co-ops. Co-ops give acommunity control over the provi-
sion of necessities.

Orga nize Community Activi ties

Community entertainments such as barn dances, music and art
festivals, or community theatres not only provide entertainment,
they provide venues where people can socialize. Thisiswhere you
can meet like-minded folks who would be interested in taking
part in the other activities mentioned here. These concerts and
festivals also provide forums for local artists to reach an audience
and inspire them with visions of where they can take their com-
munity.

Other activities provide a pleasant setting for doing tedious
work, or group support to get things done. This includes quilting
bees, sewing circles, or fix-it fairs where everybody could bring
old appliances to fix or salvage.

Community  Refurbishing  Co-ops

Such groups could help to remodel homes for greater energy
efficiency, build or renovate community centers, or possibly build
shelters for the homel ess.

Community Energy Production  Co-ops

Such organizations could provide local, community-owned and
maintained, low-level energy production. Depending on local
conditions, potential power sources could be wind turbines, solar
cells, hydroelectric, or even geothermal .
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Ecovillages

Here is the ultimate activity, an entirely self-sustaining commu-
nity. This is the eventual goal which we must all direct our activi-
ties towards if we are to have a free, equitable, and just society.
That is, a society where the quality of life makes life worth living
and where we can reside happy and contented to watch our chil-
dren grow up in a positive and healthy environment.

Conclusion

Modern agriculture has charted a course for disaster. Our soils
and water resources, and our weakened food crops, will fail
us just as energy depletion makes it increasingly difficult to make
up for these deficiencies through artificial means. The fossil fuel-
based agriculture that allowed our population to climb so far
above carrying capacity in the last century will soon falter most
cruelly.

Thereis, however, achance to transform ourselvesinto amore
sustainable and equitable civilization. So long as the rate of en-
ergy production decline is not too high, we could make a success-
ful transition and allow population to shrink back down below
the carrying capacity of the planet in a natural fashion, through
declines in the birth rate and life expectancy, with a minimum of
pain and suffering. But we will all be required to work in order to
make this transition happen. We need to redesign our society,
aiming for decentralization and localization. We need to recon-
nect ourselves to the land around us, through home and commu-
nity gardens, through local small farms and farmers markets, and
through permaculture parks and protected wilderness. And we
must work hard to organize our communities and awaken our
friends and neighbors to this necessity.

It would be much easier if we could depend on our govern-
ments and business |eaders to make these changes for us, but it is
highly unlikely that they will do so in any significant fashion. In
fact, the necessary changes will require abandoning the economic
and power structures from which these leaders profit. In fact, we
should be wary of any government or corporate attempt to "“climb
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on the bandwagon," as it is likely to be an effort to derail and redi-
rect the movement.

As a grassroots movement for relocalization gains support, it
is quite possible that it will be met by stiff government resistance.
We are, after all, talking about agrarian reform. The US govern-
ment has a long history of stamping out such movements else-
where, from the Philippinesin the late 1800s, to Guatemalain the
1950s, to Nicaragua and El Salvador in the 1980s,’ to US attempts
to overthrow the democratically elected government of Hugo
Chavez in 2002.° If amovement of agrarian reform swept through
the US, who is to say that the federal government and corporate
backers might not become just as violent in stamping it out here.

Itis also possible that the elite might use economic disruption
to their advantage as a tool to prevent a grassroots transition. It is
not beyond the realm of possibility for them to use personal debt
to keep the public enthralled. An economic crash, coupled with
an inability to escape from personal debt, might prevent us from
making the necessary changes. To stop this from happening, per-
haps a relocalization movement should also tackle the issue of
debt forgiveness.

A SOLARI VENTURE FUND

A Solari Venture Fund acts as both a databank and an investment advisor. As
a data tool, the entity charts how resources and financial flows work in a local
community. By plotting the money flow within the local community, the data
identifies problems (i.e., less than optimal current use of resources in the lo-
cal community, absence of alignment of incentives, impoverishment within
the community). Using this model, members can determine how to restruc-
ture their local economy to better benefit their community's overall health.

As a facilitator of equity investment or an investor, a Solari Venture Fund
helps plan local re-engineering. It establishes localized investments that at-
tract current capital that is leaving the community, while seeking to attract
outside capital as well. A few ofthe investment options include liquifying lo-
cal equity, small business/farm aggregation, consumer aggregation, small
business incubation, back office and marketing support, debt-for-equity
swaps, and the development of community currencies and barter networks.

For more information on the Solari model, please visit
http://www.solari.com
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Local organizations such as Catherine Austin Fitts' Solari*
could be established, using the funding provided by local in-
vestors to help local citizens out of their financial debt and also
helping to bankroll the transition to localized agriculture. These
Solaris could even establish local currencies, for usewithinthelo-
cal economy. Perhaps it might even be possible to back theselocal
currencies with localized produce. Such a system would allow
consumers to escape their debt to corporations, keep our invest-
ments in the local community where they can do us the most
good, and provide the financing for the necessary transition to re-
localization and sustainability.

The road ahead will not be easy, but it will be passable so long
as we work together and do not give up. If a grassroots transition
succeeds, we may even find ourselves in abetter world than we in-
habit today.


http://www.solari.com
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Resource Guide

The resources listed in this section, including internet links and
email addresses, were up to date at the time this book was pub-
lished.

LOCALIZED AGRICULTURE

American Farmland Trust
American Farmland Trust unites farmers, environmentalists, and
policy-makers to save America's farmland.
Website:  www.farmland.org

CISA: Community Involvedin Sustaining Agriculture
A nonprofit organization working to support sustainable agricul-
ture in Massachusetts and throughout the US.
Website:  www.buylocalfood.com

Farmer's Market Online
Provides "booth space" for growers, producers, and artisans sell-
ing directly to the consumer.
Website:  www.farmersmarketonline.com

LocalHarvest
LocalHarvest maintains a definitive and reliable "living" public
nationwide directory of small farms, farmers markets, and other
local food sources.
Website:  www.localharvest.org

Open Air-Market Network
The worldwide guide to farmers markets, street markets, flea
markets and street vendors.

Website: www.openair.org

TRANSITIONING
Community Food Security Coalition
The Community Food Security Coalition is dedicated to building
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strong, sustainable, local and regional food systems that ensure
access to affordable, nutritious, and culturally appropriate food to
al people at al times.
Website:  www.foodsecurity.org

Earth Pledge
Earth Pledge is a nonprofit organization that identifies and pro-
motes innovative techniques and technol ogies to restore the bal-
ance between human and natural systems.
Website: www.earthpledge.org

The Earth Pledge organization also operates the sustainable
localized agriculture website Farm to Table: www.farmtotable.org

EarthSave International
EarthSaveis part of aglobal movement of people from all walks of
lifewho are taking concrete steps to promote healthy and life-sus-
taining food choices.
Website: www.earthsave.org

Food and Society
Food and Society isan initiative of the W.K. Kellogg Foundation
focusing on the development of local ownership and options
for economic growth that provide opportunity for maintaining
the quality of life most desired by the residents of rural commu-
nities.
Website: www.wKkkf.org

Food First
The Institute for Food and Development Policy analyzes the root
causes of global hunger, poverty, and ecological degradation and
develops solutions in partnership with movements for social
change.
Website:  www.foodfirst.org

Food Secure Canada
Food Secure Canada aims to unite people and organizations
working for food security nationally and globally.
Website:  www.foodsecurecanada.org

Food Share
Food Share began in the mid-1980s with a mandate to coordinate
emergency food services in the city of Toronto. The organization
soon began to explore self-help models and cooperative buying
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systems, collectivekitchens, and community gardens. Their focus
has broadened to take in the entire food system, focusing on sus-
tainability, hunger relief, and community involvement.
Website: www.foodshare.net

Foodroutes.org
FoodRoutes is a national nonprofit dedicated to reintroducing
Americans to their food — the seeds it grows from, the farmers
who produce it, and the routes that carry it from the fields to our
tables. Their interactive map lists farmers, CSAs, and local mar-
kets across the United States.
Website: www.foodroutes.org

Navdanya
Founded by world-renowned scientist and environmentalist Dr.
Vandana Shiva, "Navdanya' means the nine crops that represent
India's collective source of food security. The main aim of the
Navdanya biodiversity conservation program is to support local
farmers, rescue and conserve crops and plants that are being
pushed to extinction, and to make them available through direct
marketing. Navdanya has its own seed bank and organic farm
spread over 20 acres in Uttranchal, in northern India.
Website: www.navdanya.org

Renewing the Countryside
Renewing the Countryside strengthens rural areas by champi-
oning and supporting rural communities, farmers, artists, entre-
preneurs, educators, activists, and other people who are renewing
the countryside through sustainable and innovative initiatives,
businesses, and projects.

Website: www.renewingthecountryside.org

Solari
Solari is a model for local investment, founded by Catherine
Austin Fitts, that promotes investing in those elements of our
economy that protect or invigorate local, living economies.
Website: www.solari.com

COMMUNITY GARDENING/URBAN GARDENING
American Community Gardening Association
The American Community Gardening Association is a non-
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profit membership organization of professionals, volunteers
and supporters of community greening in urban and rural
communities in Canada and the United States. Their website
includes excellent information on starting or finding a commu-
nity garden.
Website: www.communitygarden.org

City Farmer

City Farmer, Canada's Office of Urban Agriculture, publishes
Urban Agriculture Notes, a great source of information from all
over the world.
Website:  www.cityfarmer.org

FarmFolk/CityFolk Society
Thisisanonprofit society that works with food communities to-
ward alocal, sustainable food system. They work on projects that
provide access to and protection of foodlands; that support local,
small-scale growers and producers; and that educate, communi-
cate, and celebrate with local food communities.
Website:  www.ffcf.bc.ca

Growing Power
A very successful organization that involves inner-city youths in
community gardening projects, and supports food banks and
soup kitchens. This project deserves all the support it can get.
Website: www.growingpower.org

Homel ess Garden Project
The Homeless Garden Project employs and trains homeless
people in Santa Cruz County, California, within a community-
supported organic garden enterprise.
Website: infopoint.com/sc/orgs/garden

The Food Project
The Food Project involves youths and adults in community agri-
culture and urban gardening. Their services provide healthy food
for residents of cities and suburbs while involving volunteers in
building their own sustainable food system. Another project that
deserves all the support it can get.
Website:  www.thefoodproject.org

The Greater Lansing Food Bank Gardening Project
The Garden Project offers support to both home and community
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gardeners in the Lansing/East Lansing, Michigan area enabling
them to grow and preserve their own fresh vegetables.
Website: lansingfoodbank.org/index.php/garden-project

ORGANIC AGRICULTURE

Canadian Organic Growers
Canada's national membership-based education and networking
organization representing farmers, gardeners and consumers in
all provinces, COG works with other organizations and govern-
ment to achieve regulatory change and supports organic events
and conferences. Its magazine provides the latest organic news
and information, farming and gardening feature articles, plus
regular columns. COG'slending library is the only free mail serv-
ice organic library in Canada. Borrow classic organic texts, peri-
odicals and the latest publications.
Website: www.cog.ca

International Federation of Organic Agriculture Movements
IFOAM is the worldwide umbrella organization for the organic
movement, uniting more than 750 member organizations in 108
countries. Its goal is the worldwide adoption of ecologically, so-
cially, and economically sound systems that are based on the
principles of organic agriculture.
Website:  www.ifoam.org

National Organic Program
The US organic regulatory agency. Thisisthe placeto start if you
want to protest new standards and regulations.
Website: www.ams.usda.gov/nop/indexNet.htm

National Sustainable Agriculture Information Service
ATTRA — National Sustainable Agriculture Information Ser-
vice is created and managed by the National Center for Ap-
propriate Technology and is funded under a grant from the
United States Department of Agriculture's Rural Business-
Cooperative Service. It provides information and other techni-
cal assistance to farmers, ranchers, extension agents, educators,
and others involved in sustainable agriculture in the United
States.
Website: attra.ncat.org
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Organic Consumers Association
The Organic Consumers Association (OCA) is a grassroots non-
profit public interest organization campaigning for health, jus-
tice, and sustainability. The OCA dealswith crucial issues of food
safety, industrial agriculture, genetic engineering, corporate ac-
countability, and environmental sustainability.
Website:  www.organicconsumers.org

Organic Farming Research Foundation
A nonprofit organization whose mission is to sponsor research
related to organic farming practices, to disseminate research
results to organic farmers and to growers interested in adopting
organic production systems, and to educate the public and
decision-makers about organic farming issues.
Website:  www.ofrf.org

Organic Research Database
A useful database of technical information on organic farming,
sustainability issues, and soil fertility. Y ou must be a subscriber to
useit.

Websi te: www. organic- research.com

ORGANIC AND HEIRLOOM SEED

Baker Creek Heirloom Seeds
Preserves the finest in heirloom vegetables, flowers, and herbs.
Address: 2278 Baker Creek Road, Mansfield, MO 65704, USA
Website: www.rareseeds.com

Bountiful Gardens
They sell untreated open-pollinated seed of heirloom quality for
vegetables, herbs, flowers, grains, green manures, compost and
carbon crops. Specializes in rare and unusual varieties, medicinal

plants, and super-nutritious varieties.
Address: 8001 Shafer Ranch Road, Willits, CA 95490-9626,
USA
Website: www.bountifulgardens.org
Fedco Co-op Gardening Supplies
Offers a wide variety of untreated seeds and seedlings.
Address: P.O. Box 520, Waterville, ME 04903, USA
Website:  www.fedcoseeds.com
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Heirloom Seeds
Specializing in heirloom vegetable, flower, and herb seeds.
Address: P.O. Box 245, West Elizabeth, PA 15088-0245, USA
Website: www.heirloomseeds.com
High Mowing Seeds
Another source of certified organic seed.
Address: 813 Brook Road, Wolcott, VT 05680, USA
Website:  www.highmowingseeds.com
Irish Eyes- Garden City Seed
Offers organic seed, gardening supplies, and some heirloom
seed.
Address: P.O. Box 307, Thorp, WA 98946, USA
Website: www.gardencityseeds.net
Marianna's Heirloom Seeds
Mostly tomatoes and other Italian heirlooms.
Address: 1955 CCC Rd., Dickson, TN 37055, USA
Website: www.mariseeds.com

Organica Seed Company
Provides a large variety of seed that is guaranteed to be grown or-
ganically and not subject to genetic modification.
Address; P.O. Box 611, Wilbraham, MA 01095, USA
Website: www.organicaseed.com

Redwood City Seed Company
Heirloom vegetables, hot peppers, and herbs.
Address: P. O. Box 36, Redwood City, CA 94064, USA
Website:  www.ecoseeds.com

Salt Spring Seeds
All seeds are untreated, open-pollinated, and non-GMO. They
grow all their own seeds and sell only the most recent harvest. A
wide selection of grains and beans for the home gardener.
Address: Box 444, Ganges P.O., Salt SpringIsland, B.C.V 8K 2W1,
Canada
Website:  www.saltspringseeds.com

Seed Savers Exchange
A nonprofit organization that saves and shares the heirloom
seeds of our garden heritage, forming a living legacy that can be
passed down through generations.
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Address: 3076 North Winn Road, Decorah, lowa 52101, USA
Website: www.seedsavers.org

Seeds of Change
Organic seed, garden supplies, and some heirloom seed.
Phone: 1-888-762-7333
Website:  www.seedsof change.com

Seeds of Diversity
Canada's premier seed exchange, this is an excellent source of in-
formation about heritage seeds, seed saving, and plant diversity.
Address: RO. Box 36, Stn. Q, Toronto, ON M 4T 2L 7, Canada
Website:  www.seeds.ca

Seeds Trust
Organic, wildcrafted, and heirloom seeds, including native
grasses.

Address: RO. Box 596, Cornville, AZ 86325, USA
Email: suppOrt2@seedstrust.com (TheM cDorman's contend that
e-mail has become the most dependable way to contact them.)
Phone Orders: (928) 649-3315
Website: www.seedstrust.com

Seeds West Garden Seeds
Heirloom and open-pollinated, untreated and organic seed. Spe-
cializing in seeds that are best adapted for the difficult growing
conditions of the west and southwest. Includes many traditional,
Native American varieties.
Address: 317 14th Street NW, Albuquerque, NM 87104, USA
Website:  www.seedswestgardenseeds.com

Sow Organic Seed
Offers organic and heirloom seed. Provides a lot of useful mate-
rial on their website.
Address: P.O. Box 527, Williams, OR 97544, USA
Website:  www.organicseed.com

TerraEdibles
Organically grown, heirloom seeds.
Address: 535 Ashley Street, Foxboro, Ontario KoK 2B0, Canada
Website:  www.terraedibles.ca

The Southern Exposure Seed Exchange
A wonderful source for heirloom seeds and other open-
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pollinated (non-hybrid) seeds, with an emphasis on seeds that
grow well in the Central Atlantic region. They support seed sav-
ing as well as traditional seed breeding.
Address: P.O. Box 460, Mineral, VA 23117, USA
Website: www.southernexposure.com

TomatoFest

Over 500 varieties of organic heirloom tomatoes.
Website:  www.tomatofest.com
TwoWings Farm

Two Wings Farm grows gourmet heritage and heirloom vegeta-
bles; they do not buy seed from anywhere else for resale. All their
seed is certified organic.
Address: 4678 William Head Road, Victoria, BCV9C3Y 7, Canada
Website:  www.twowingsfarm.com

Urban Harvest
Urban Harvest provides seeds and garden supplies that promote
ecological diversity and preserve the planet's health. All seedlings
are grown in or near the greater Toronto areato support the local
economy.

Email: grow@uharvest.ca
Website: www.uharvest.ca

PERMACULTURE

Permaculture (Permanent Agriculture) is the conscious design and
maintenance of cultivated ecosystems which have the diversity,
stability and resilience of natural ecosystems. It is the harmonious
integration of landscape, people and appropriate technologies, pro-
viding goods, shelter, energy and other needs in a sustainable way.
Permaculture is a philosophy and an approach to land use which
works with natural rhythms and patterns, weaving together the ele-
ments of microclimate, annual and perennial plants, animals, water
and soil management, and human needs into intricately connected

and productive  communities.
— Bill Mollison and Scott Pittman,
LaTierraCommunity
California
Www.permaculture.net
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Earth Activist Training
Earth Activist Training blends a full permaculture certification
course with Earth-based spirituality, practical political effective-
ness, and nature awareness.
Website:  www.earthactivisttraining.org

Permaculture Activist
The website for the top print periodical on the subject of perma-
culture.
Website:  www.permacultureactivist.net

Permaculture the Earth
This website features definitions of permaculture along with arti-
cles on permaculture design. It also has many links to useful In-
ternet sites and online forums for the permaculture community.
Website: www.permaearth.org

Permaculture Institute
Actively working at ground level on many international and
domestic projects, the Permaculture Institute is a nonprofit or-
ganization devoted to the promotion and support of the sustain-
ability of human culture and settlements.
Website: www.ibiblio.org/spittman

Permaculture International
Permaculture International Limited's mission isto be a powerful
agent for social change towards sustainable, ethical, and coopera-
tive society. It provides servicesto its membersin support of their
work in permaculture design and permaculture-related activities.
Website: www.permacultureinternational.org

Permaculture Visions
Permaculture Visions meets the demands of isolated students,
working alone, on atight budget with limited time. It is aleading
documenter of permaculture practices.
Website:  www.permaculturevisions.com

Tagari Publications
Publishers for the Permaculture Institute.
Website: www.tagari.com

The Central Rocky Mountain Permaculture Institute
The Central Rocky Mountain Permaculture Institute is a perma-
culture training and counseling research and development cen-
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ter. It is part of an alliance of permaculture activists on the cutting
edge of agroforestry and other newly discovered methods of or-
ganic farming.
Website: www.crmpi.org

The Occidental Arts and Ecology Center
A nonprofit organizing and education center and organic farm in
Northern California's Sonoma County. Much of its work ad-
dresses the challenges of creating democratic communities that
are ecologically, economically, and culturally sustainablein anin-
creasingly privatized and corporatized economy and culture.
Website: www.oaec.org

The Permaculture Research Institute of Australia
The Permaculture Research Institute, headed by Geoff Lawton,
is a nonprofit organization involved in global networking and
practical training of environmental activists. It offers solutions to
local and global ecological problems, and has an innovative farm
design in progress. The Institute is also involved in design and
consultancy work, and actively supports several aid projects
around the world.
Website: www.permaculture.org.au/

The Regenerative Design Institute
RDI emerged from the work of the Permaculture Institute of
Northern Californiaand is committed to re-establishing a collab-
orative connection between humanity and the Earth.
Website:  www.regenerativedesign.com/

ECOVILLAGES
Findhorn Ecovillage

The Findhorn Community, whichbegan in 1962 in acaravan park
in northeast Scotland, is known internationally for its experi-
ments with new models of holistic and sustainable living. Coop-
eration and co-creation with nature have always been prime
aspects of the community's work, ever since it became famous in
the late sixties for its remarkable and beautiful gardens grown in
adverse conditions on the sand dunes of the Findhorn peninsula.
Website:  www.ecovillagefindhorn.com
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The Farm
One of the few hippie communes of the late 1960s and early 1970s
to continue to thrive, The Farm is now recognized as one of the
most successful ecovillages in the United States.
Website: www.thefarm.org

The GaiaTrust
A Danish-based charitable association for supporting the transi-
tion to a sustainable and more spiritual future society through
grants and proactive initiatives.
Website: www.gaia.org

TheGlobal Ecovillage Network
An excellent source for finding ecovillages in your region
or learning more about ecovillages in general, The Global Eco-
village Network is a global confederation of people and com-
munities dedicated to restoring the land and living "sustainable
plus" lives by putting more back into the environment than we
take out.
Website: www.ecovillage.org

Thelntentional Communities Website
"Intentional Community" is an inclusive term for ecovillages,
cohousing, residential land trusts, communes, student co-ops,
urban housing cooperatives, and other related projects and
dreams. This website provides important information and access
to crucial resources for seekers of community, existing and form-
ing communities, and other friends of community.
Website: www.ic.org

SUSTAINABLE AGRICULTURE

Alternative Farming Systems Information Center
Specializes in identifying and accessing information related to al-
ternative agricultural enterprises and crops as well as alternative
cropping systems.
Website:  www.nal.usda.gov/afsic

Biodynamic Farming and Gardening Association
This is a nonprofit organization formed in 1938 to foster, guide,
and safeguard the Biodynamic method of agriculture.
Website:  www.biodynamics.com
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Ecological AgricultureProjects
Canada's leading resource center for sustainable agriculture.
Website: eap.mcqill.ca/

Farmland Information Center
The FIC is a clearinghouse for information about farmland pro-
tection and stewardship.
Website: www.farmlandinfo.org

National Campaign for Sustainable Agriculture
A network of diverse groups whose mission is to shape national
policies to foster a sustainable food and agricultural system —
one that is economically viable, environmentally sound, socially
just, and humane.

Website: www.sustainableagriculture.net

Robyn Van En Center for CSA Resources
Provides a national resource center about CSA for people across
the US and around the world. Their "Useful Links" page provides
an extensive listing of international, national, state, and regional
CSA organizations, as well as Internet resources.

Website: www.csacenter.org

BOOKS
Organic Gardening
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Growing 101 Herbs that Heal: Gardening Techniques, Recipes, and
Remedies, Tammi Hartung, Storey Publishing, 2000.
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