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“These aren’t two-dimensional nightmarish scenarios designed to scare people
into environmental action. They are compellingly Aeshed-out visions of quite
plavsible alternacive tutures, which delve into energy, politics, agriculture,
sacial, and even spiritual trends. What they do help make clear are the best
strategies for preparing for and adapting to these possible fatures.”

—Adam Grubb, founder, Energy Bulletin

Exploring four possible human futures

as two great crises converge

In Future Scenarios, permacubture co-originator and leading sustainability
innavator David Helmgren shows us what the future mighe look like in che
generarions-long era of energy descent that faces us—and alse tells vs how to
adapt to the colrueal, political, agricultural, and economic implications of two
forces that will shape that furure: peak oil and climate change.

Fetiire Beenarios depicts four very different furures, Each is a permutation of
mild or destructive climate change, combined with either slow or severe energy
declines. Probable futures, expluins Holmgren, range from che relatively benign
“Green Tech™ scenario to the near catastrophic “Lifeboats™ scenaria,

David Holmgren is best known as the co-originator, with
Bill Mollison, of the permaculture conceprt, following the
1978 publication of their bock Pernacidlture Ore, Since then
he has written Pernacsltire: Principles and Patfuvays Beyord
Snuseatuability, developed three properties using permaculture
principles,and conducted warkshaps and courses throughout
the world. He shows that a sustainable lifestyle is a realistic,
attractive, and powerful alternative to dependent consumerism. Holmgren
lives with his partner, Su Dennett, and their son, Oliver, at Melliodara, a one-
heetare permaculture demonstration site at Hepburn Springs, Central Victoria,
Australia,
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ing awareness and positive responses to peak oil and climate
change by community and envirammental activises, My intra-
duction to scenarie planning dates from my frequent, lang,
and varied discussions with friend and change-management
consuleant Steve Bright during the late 1990s. My first use of
scenario planning to integrate peak oil and climate change was
In a presentation to government officals and envirnnmental
ackivists in Adelaide focused on updaring the South Australian
government’s Srate Strategy Plan, That presentatton was part
of my Peak Oil and Permacolture tour of Australian capi-
tal cides with Richard Heinberg in 2006. Close contact and
discussions with Heinberg, along with his books, mast nota-
bly Powerdown, infuenced my thinking about the scenarios.
Web sites and discussion forums on the Interner related to
peak oil, energy, climare change, and permaculture have also
heen a major source of informadon and ideas, in particu-
lar Enenygy Bulletin {energybulletinnet) and The Oi Drum
(theoildrum.com). Adam Grubb, founding editor of Energy
Bulletin, has had a unique role in this project. In 2004 he
interviewed me about peak oil, permaculture, and the fature
af the suburbs. The following year he auended a two-weck
permaculture design course that [ co-taught in Bendigo, cencral
Victoria, Since then Adam has played a pivotal role in the
spread of awareness, through peak-oil networks, of permacul-
CIre a5 a grassooots esponse to energy descent, [n 2006 he
published a brief arricle 1 wrote about the scenarios on Energy
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Bulletin and encouraged me to write a more in-depth essay.
Afer further development and workshopping of the scenar-
ios in advanced permaculture courses in New Zealand and
Latin America in 2007, Adam suggested and collaborated in
publishing a Web-site version of this essay. He used his consid-
erable Web skills and connections Lo cocreate and publish the
Web site in May 2008, In publishing on the Web we were
aiming to get the ideas out as quickly as possibly.

The proposal for this book came from Margo Baldwin
at Chelsea Green. Margo recognized the potential for its
publication as a traditional book to complement other books
published and distributed by Chelsea Green about permacul-
ture and related approaches for responding to the energy/’
climate crisis. One such book is The Transitionr Handbook
by Bntish permaculture activist R.ob Hopkins, who has
spread awareness of the energy-descent concept and proac-
tive rcsponses that households and communities can make
to adapt creatively to energy descent in the face of denial
and obfuscation by govermments. As a result, the viral spread
of transition activism has pravided a strong affirmation that
permaculture thinking can be a powerful catalyst for creative
community-based responses to COEFEY descent. Beyond
the great achievers of permaculture activism such as Rob
Hopkins, I am incredibly indebted, as one of the co-origi-
nators of the permaculture concept, to the eountless others
whe have used permaculture to help change their own lives
and in the process have helped to increase the credibility of
permaculture as a force for positive change. This book 15 an
attempt to help those alrcady along the path pioncered by
permaculture and related movements to recognize the storms
and the oppartunities of the peak-oil and climate~change
era, If it manages to contribute to slightly less dysfunctional
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INTRODUCTION: ENERGY AND HISTORY

THE SIMULTANEOUS ONSET of climate change and
the peaking of global oil supply represent unprecedented
challenges for human civilization,

Global wil peak has the potental to shake or even destray
the foundations of global industrial ecanomy and culture.
Climate change has the patential to rearrange the biosphere
more radically than the last ice age. Each limits the efective
options for respanses to the other,

The strategies for mitigatng the adverse effects and/ur
adapting to the consequences of clintate change have mostly
lreen considered and discussed in isolation from those relevant
to peak oil. While awareness of peak oil, or at least cnergy
crisis, 15 increasing, understanding of how the two prablems of
climate change and peak oil might interact to generate quite
ditferent furures is still at an early stage.

Over the last thirty-five years the climate-damaging
impacts of fossil-fiel burning and ather sources of “green-
house gases™ has shifted from being a worrving hypothesis
of some climate scientists to one of the primary drivers of
environmental awarencss from the schoolroom o the board-
rooml. Rapid economic growth in developing economies,
especially China and India, addictive consumer economies
in the long-affluent West, and ongoing populaton growth
are driving ermissions ever higher Meanwhile the evidence
of actual chimate change is accelerating, with the alarming
ratcs of Arctic sea-ice melting being the most deamatic, This
15 belatedly creating an urgency in the halls of government
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and international legal conventions. FEconomic policy in the
affluent countries is gradually shifting under the weighe of
evidence that econornies nust be decarbonized whether or
Lot that reduces economic growth.

During the twentieth century, most thinking about the
fiture was based on the assumption that technological and
organizational complexity will continually expand in lock-
step with economiic growth. The most substantial challenge
to those assumptions about the future was the modeling work
of Jay Forrester and colleagues in the Linits fo Grouth Report
(1972) commissioned by the Club of Rome, a prestigious
international public policy “think tank.”

While the energy crises of the 1970s illustrated the vulner-
ability of industrial society to oil shortage, the oil glut and low
prices of the 1980s, combined with a barrage of misinforma-
tion, saw these ideas lose fuvor. A whole generation of econo-
mists, politicians, business people, and even environmentalists
tearned that, for better or worse, the limts of resources were
not going to threaten “business as usual.”

It is only the recent escaladion of encrgy and commodity
prices that has seen energy, Fesnuces, and the limits of nature
again bheing widely recognized as the key drivers in human
cconomic systems, This return to notions of limits so clearly
outlined 36 years ago has also raised the specter of the more
fundamental scarcity of food, identified more than 150 years
earlier by Thomas Malthus. Rising food prices are now widely
recognized as being driven dircctly and indirectly by the cost
of encrgy. The demand for biofuel, the cost of energy-dense
fertilizers, climate-change-related droughts, water scarcity,
and the impact of rising affluence driving increases in meat
consumpton from agribusiness-production systems are all
contributing to this plobal crisis, Those who suggest the likely
return of the four horsemen of the apocalypse (famine, pesti-



Flgura 1. A Cuban sunset silhouetting powerlines and an oik-fired powerstation
smokestack, Cuba = still racovering from the fuel and electricity shortages that crip-
plad the economy and food supply in the 19905. The Cuban experience is emblematic
of the current global energy Crisis. Pioe by tiver Holmgien

lence, war, and death} are more vocal than ever before despite
being labeled Malthusizn or just “deomer.”

The evidence that glohal industrial civilization is in the early
stape of an energy transition as fundamental az the ane from
renewable resources to fossil fuels is overwhelming. Using
the ecological history of past civilizations as a base, I review
the evidence about the future in terms of four possible long-
term scenarios: fechire-explosion, feclino-stabitivy, cuenpy descont,
and collapse. While faith in techno-explosion as the default
scenario is now waning, the hope of mare environmencally
aware citizens and organizations depends on techno-stability,
characterized by novel renewable energy sources, while the
fears of total collapse of human civilizadon are contnually
fed by evidence about climate change and resource depletion,
among a range of related emerging crises. Energy descent,
where available energy and resulting organizational complex-
ity progressively decline over many generations, is the most

imored af the four pessible long-term fatures, but | think the
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evidence is strong and increasing that it is the most likely in
some form or other.

Father than gathering cogether all of the evidence to support
the claim for the energy-descent future, [ build on thirty years
of permaculture thinking and activism to further develop the
thinking tools that can help us all adapt to energy descent asit
unfolds, irrespective of whether we believe it to be humanity's
fate. Energy descent is Tikely to give birth to a new cultre,
one more different from our current globalized culture than
post-Enlightenment capitalism and  industrial culture was
from its precursors in Europe. The encrgetic contraction will
force a relocalizadon of economies, simplified technology, a
rutalization of populations away from very large cities, and
a reduction in total population. Owver tme there will be a
redevelopment of localized cultures and even new languages,
although these developments may be outside the tme frame
of the peak-oil and climate-change scenarios described here.
I focus on four plausible scenarios by which peak oil and
climace change could generate the carly stages, over the next
ten to thirty years, of the energy-descent future.

Permaculeure is a design system for sustainable land use
and living that was proposed by Bill Mollison and me during
the 1970s when the evidence for the energy-descent fumre
was growing strongly. Exploitation of new oil and natural gas
resources in the 1980s and 1990s allowed resurgent economic
growth. In the process aur hopes for a graceful encrgy descent
supported by ecological design, appropriate technology, and
relacalized economies were dashed. Nevertheless permacul-
ture hias spread around the world, This spread has reflected
both mounting disaffection with consumer culture in afflu-
ent countrics and the increasingly desperate needs of those
left behind by development in poor countries. As energy
and food costs now rise around the world and disaffection
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mounts with the inability of governments to deal with the
emerging energy and enviranmental Crisis, permaculture is
attracting increased actention fiom those acting to secire
their families’ future and cantribute to a better world, As a
conceptual frimework, a collection of practical strategies, and
a sclf-help and grassroots movement, permaculture provides
the hope and the tools to allow humanity to weather the
storms and even thrive in a world of progressively less and less
available energy. The energy-descent concept was an explicit
foundation for my ardculation and explination of permacul-
ture concepts in Permacidtie: Principles and Fathwaps Beyond
Sustainability published in 2002, just before the eurrenc rapid
rise in oil and commodity prices began to stimulate wider
Interest in encrgy descent, This new book uses permacule
thinking to tell stories about che energy-descent future thac
can empower us o take adaptve and positive acdan,

ENERGETIC AND ECOLOGICAL
FOUNDATIONS OF HUMAN HISTORY

The broad processes of human history can be understood
using an ecological framewaork that CECORMMZEs Prinry energy
sourrces as the strongest facrars determining the general struc-
ture of human economy, politics, and culture. The transition
from a hunter-gatherer way oflife to that of settled agriculture
made possible the expansion of human numbers, denser settle—
ment patterns, and surplus resaurces. Those surplus resources
were the foundations for whae we call civilization, includ-
g the development of mare advanced technologics, cities,
social class strucrures, standing armies, and written linguage,
Archaeology records a series of civilizations thar rose and fell
as they depleted cheir bioregional resaurce hase.



Archasology records a series of civiliza-

tions that rose and fell as they depleted their
bioregional resocurce base.

Lower—density simple agrarian and hunter-gatherer cultures
took aver the territary of collapsed civilizations and allowed the
resources of forests, soils, and water to regencrate, That, in turn,
gave rise to new cycles of growth in cultural complexicy.

In the European Remaissance, the medieval systems that
evolved fom the remmnants of the Roman Empire were
reinfused with knowledge and culture from the lslamic and
Asian civilizations and grew into competing nation-states. A
combination of the demands of internal growth and warfare
berween nations almost exhausted the carrying capacity of
Europe. As this ecological crisis deepencd in the fourteenth
and fifteenth centuries, European exploration in search of
new resources carried the “discases of crowding™ around the
world. In the Americas, up to 90 percent of many populations
died, leaving vast resources to plunder. Starting with the plun-
dering of precious metals and seeds of valuable crop plants
such as corn and potatoes, Europsan natons soon moved on
to building empires powered by slavery that allowed them to
cxploit and colonize the new lands well stocked with timber,
animals, and fertile soils, all rejuvenating in the wake of the
collapse of indigenous populations.

European population, culture (especially capitalism), and
technology then grew strong enough to tap vast stocks of
novel energy that were useless to previous simpler societies.

As industrialization spread, oil quickly
surpassed coal as the most valuable energy

source, and accelerated the jump in human

population.
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European coal fucled the Industrial Hevelution while food
and ocher basic commaodities from colonies helped solve the
limits to tood production in Europe, As indostrialization spread
in Norch America and later in Russia, oil quickly surpassed
codl as the most valuable energy source, and accelerated the
jump in human population from one billion in 1800 to twvo
billien in 1930 to now over six billien in one lifeome. This
massive growth in human carrying capacicy has been made
possible by the consumption of vast stocks of nonrenewable

resources (in addidon to expanding demand on the renewahle

The history of the twentieth century maokes

mora sanse whan intarpreted primarily os

the struggle for cantrol of oil rather than the
clazsh of ideologies.

biological resources of the planet). Rapid mates of urbamizatdon
and migeation, technology change, increasing affluence, and
disparity of wealth as well as unprecedented conflicts between
global and regional powers have accompanied this transition,
The history of the twentieth century makes more sense
when interpreted primarily as the struggle tor control of
oil rather than the clash of ideologies.! In emphasizing the
primacy of energy resqurces | am naot saying that the great
struggles between ideologies have not been importint in
shaping history, especially capitalism and socialism, but most
teaching and understanding of history underestimates the
importance of energetic, ecological, and economic factors.
The fact that conflict has increased as available resources
have cxpanded is hard te explain using conventional think-

ing, One way to understand this is using older maral concepts
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about more power leading to greater moral degradation.
Another equally useful way to understand this is using ecolag-
ical thinking. When resources are minimal and diffuse, energy
spent by one human group, tribe, or nation to caprure those
resources can be greater than what is gained. As resources
become more concentrated (by grain agriculture, for exarmi-
ple, and even more dramatically by tapping fossil fuels), the
resources captured through diplomacy, trade, and even war are
often much greater than the effort expended.

The final phase in the fossil-fuel saga is playing out now
as the transition from oil to natural gas and lower-quality oil
resources accelerates, with massive new infrastructure devel-

opments around the world as well as increasing tension and

The final phase in the fossil-fuel saga is

playing out now as the transition from oil to
natural gas and lower-quality cil resources
accelerates.

active conflicts over resources, We can only hope that nations
and humanity as a whale learn quickly that using resources
to capture resources will yield less return and incur escalating
costs and risks in a world of depleting and ditfuse energy.

THE MEXT ENERGY TRANSITION

Quite early in the exploitation of fossil resources the debate
began about what happens after their exhaustion, but it has
remained mostly academic. The post—World War 11 peried of
sustained growth, affluence, and freedom from the adverse
effects of war had the effect of entrenching the faich in human
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power and the inexarable arrow of progress that would lead
to more of whatever we desired.? Consideration of exter-
nal limits or cultural constraines on affluence remained ac the
fringe, Throughout most of the twentieth century, a mnge of
energy sources (from nuclear to selary have been praposed
as providing the next “free™ energy source that will replace
fossil fuels?

I so-called developing countries, the power of the dami-
nant globalist culture, both as a model to emulate and 2 mode
of exploitation to resist, prenccupied mase chinkers, leaders,
and activists. The key issue was how to get o share of the pie,
ot the limics to the size of che pie.

But the super-accelerated growth in energy per person af
the post—World War Il era came to an end with the energy
crisis of 1973, when OPEC countries moved to exert cheir
power through oil supply and price. The publicaton of the
serminal Lintts o Grovel teport in 1972 had defined che prab-
lem and the consequences by modeling how a range of limdts
would constrain industrial sociery in the early rwenty-first
ceneury. After the second oil shock in 1979 the debate about
the next energy transition intensified, but by 1983 a series
of factors pushed energy supply off the agenda. Econonue
cantraction, not seen since the Depression of the 1930s, had
reduced demand and consequently prices for energy and natu-
ral resaurces. In affuent countries, the comversion from ol o
gas and nuclear for electricity generation reduced deinand for
ail. Energy-efficiency gains in vehicles and industry further
reduced demand, Most importancy, the new supergiant il
fields in the Naorth Sea and Alaska reduced Western depen-
dence on OPEC and depressed the price even further. All
other primary commaodicy prices followed the downward
trend set by oil because cheap energy could be used to substi-

tute for other needed commodines,”
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The economies of the affluent countries were further
boasted by two important changes. The shift from Keynesian
to Friedmanite frece-market econonuc policies reduced regula-
tory impediments to business and enlisted public wealth for
new private profits. At the same time, the debe crisis in develop-
ing countries triggered by collapsing commodity prices didn'e
slow the flow of interest repayments into the coffers of Western
banks. ln line with the new free-market ideology, structural
adjustment packages from the International Monetary Fund
and World Bank provided more loans {and debt) on the condi-
tion that developing countries slash education, health, and other
public services o conserve funds for repayments.

The scientific consensus about global warming in the
late 19805 and early 1990s renewed the focus on reducing
fossil fuel use, not to conserve resources, which were widely
thought to be abundant, but to reduce carbon dioxide addi-
tions to the atmosphere. But with energy prices low owing to
a plut of oil, the main action was an acceleration in the shift
to gas as a cheap and reladvely “clean” fuel.

Half a century earlier, in 1956, the startling predictions
by eminent petroleum geologist M, King Hubbert that oil
production in the United States, the world’s largest producer,
would peak in 1970, had almost destroyed Hubbert’s career
and reputation.  lronically, the controversy within the oil
industry over Hubberts methodeology and predicrions was
not known by the authors of the Limits to Ciowth report
and was not part of the 1970s public debate over limies of
resources. It was nearly a decade later, at the depth of the
greatest economic recession since the 1930s, that the industry
acknowledged that oil production in the lower forry-eight
states had in fact peaked and declined despite the greatest
drilling program in history. Hubbert also estimated a global
oil peak early in the twenty-first century.



Figure 2. Freeway in Raleigh, Morth Carolina, at rush hour, 2005: the classic symbol
of automobile dependence in the United States, where private cars and light
trucks used mostly for personal mobility consume about 43 percent of total oil
consumption.

In the mid 1995 the waork of independent and recired
petrolenm geologists who  were colleagues of [Hubbert
reviewed his original predictions using new informadeon and
evidence, triggering the debate about peak oil thae grew and
spread along with the Internet in the last years of the millen-
nium, Bur with the cost of oil as low as ten dollars 2 bacrel, the
gurus of economics and oif supply quoted in the mainstream
media thought chat oil was on the way o becoming worthless
and redundant through glut and technological advances. The
delusions of cheap energy were widespread, Tronically, many
environmentalists concerned abour the mounting evidence
af, and inaction of governments abaur, climate change, put
their faith in the “hydrogen economy™ powered by clean
renewable technologies to save us from polluting the planet
o death.

While energy and consequently fond costs in affluent coun-

tries remaimed the lowest in human history, the evidence for
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energy descent rather than ascent made litlle impact outside
the counterculture. Since 2004 the rising cost of energy, and
now food, is focusing the atrendon of leaders and the masses
on questions of sustainability not seen since the coiergy crises
of the 1970s.

The research, activism, and awarencss of energy and climate
issues provide a context for the growing debate about the
ecological, economic, and social sustainability of everything
from agriculture to human-settlement patterns and even
findamental human values and beliefs. There is a huge body
of evidence thar the next encrigy transition will not follow the
pattern of recent centuries to more concentrated and power-
ful sources,

The likelihood that this transition will be to one of less
energy is such anathema to the psychosocial foundations and
power elites of modern societies that it is constancly misin-
terpreted, ignored, covered up, or derided. Instead we sec
geapolitical maneuvering around energy resources, including
proxy and real wars to control dwindling reserves and policy
gymnastics to somchow make reducing carbon emissions the

new engine of economic growth.
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ENERGY FUTURES

THERE 15 STILL much debate about the basic nature of
the current encrgy transinion, driven most notably by climate
change and peak oil.) Most of that debate focuses on the
immediate future of the next few decades, though 1 dunk i
is essential to see these changes first on a larger remporal scale
of centuries if not millennia. 1 have set the scene by charac-
terizing the dehate abouwt the future as primarily one about

whether energy available to human systems will rise or fall,

FOUR ENERGY FUTURES

Four hroad energy scenarios provide a framework for consid-
ering the wide specrrum of culrurally imagzined, and ecologi-
cally likely, futures over the next century or more, v labeled

these:

s Techno-explosian,
= Techno-stability,
* Energy descent, and

* Coilapse.

Tecmo-explosion depends an new, large, and concentrated
energy saurces that will allow the continual growth in mate-
rial wealth and human power over environmental constraings
as well as popularion groweth. This scenario is generally associ-

ated with space travel 1o colanize other planets,
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Energy & Resource se
Poputation
Pollution

Energy
Descent

Pre-industrial
sustainable Culture o

Histarical Time

Agricultura Industrial Eaby
10,000 yrs AP fievalution Boain

Flgure 3. Four enargy futures,

Techto-stability depends on a seamless conversion from
material growth based on depleting energy to a steady state
in consumption of resources and population (if not economic
activity), all based on novel use of renewable encraies and
technologies that can maintain if not improve the gquality
of services available from current systems, While this clearly
involves massive change in almost all aspects of sociery, the
implication is that once sustainable systems are sct in place,
a steady-state sustainable socicty with much less change will
prevail. Photovoltaic technology directly capturing sokar
energy is 1 suitable icon or symbol of this scenario.

Eitergy descent involves a reducdon of economic acuviry,
complexity, and populadon in some way as fossil fucls are
depleted. The increasing reliance on renewable resources of
lower energy density will, over time, change the stucure of
socicty to reflece many of the basic design rules, if not details,
of preindustrial societics. This suggests 2 ruralization of settle-
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ment and economy, with less consumption of energy and
resources and a progressive decline in human popuolations.
Biological resources and their sustinable management will
become progressively more important as fossil fuecls and tech-
nological power declines, In nany regions, forests will regain
their tradidonal status as symbols of wealth. 'Thus the tee 1s
a suitable icon of this scenario. Energy descent (like techno-
explosion} is a scenario dominated by change, but that change
might not be continuous or gradual, Instead it could be char-
acterized by a series of steady states punctuated by crises (or
mirti collapses) that destroy some aspects of industrial culrure.

Collapse suggests a failure of the whole mnge of interlocked
systems that maintain and suppaort industrial sociery, as high-
quality fossil fuels are depleted and/or climate changs radically
damages ecological support systems.® This collapse would be
fast and more or less continuous without the restabilizations
possible in energy descent. [t would inevitably invelve a major
“dig-off™ of human population and 2 loss of the knowledpe
and infrascructure necessary for industrial civilization, if not
more severe scenarios including human extinetion and the
loss of much of the planet’s biodiversicy.

VIEWS OF THE FUTWURE

The views of acadentics and commentators about the flture
are colored by their belicts about the degree to which human
systerns are the product of aut innate “brilliance™ thac is inde-
pendent from nature's constraints, or alternatively, beholden
to biophysical deterministic forces. Those with plans and
acdons to shape the future (especially current powser elites)
tend ro [Dcus on scenarios where they see options for effec-

tive infuence.
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COhver the last sixty years we have scen substantial achieve-
mients as well as marny dreams and promises toward the techna-
explasion future that might free us ffom the constraints of
energetic laws or at least those of a finite planet. This belief
in perpetual growsh has survived the scorn of mathemati-
cians explaining how constant exponental growth even at
fow rates leads to explosion, literally.

This belief in perpetual growth has survived

the scorn of mathematicians explaining how
constant exponential growth even at low
rates leads to explosion, literally.

The term segative growth used by economists to describe
pconomic contraction shows that anything other than growth
is unthinkable, The dream of infinite growth from free energy
and colonizing space have not becn realized despite the novel
and substantial coneributions of computers and information
technology toward this goal

The Unstated Assumptlons of "Buslness os Usual”
O a more pragmatic and immediate scale, the reasons for
faith in future growth are rarely articulated but can be summa-
tized by a few common assumptions that seem to lie behind
most public documents and discussion of the future. These do
not represent specific or even recognized views of particular
academics, corporate leaders, or politicians but are more soci-
ery-wide assumnptions that are generally left unstated. Among
these assumptons are

+ Global extraction rates of important nonrenewable

commadites will continue to rise.



Figure 4. Brasilia, capital of Brazil. Modemist hotel reflective of the rapid growth of
the Brazilian economy as one of the emerging "energy superpowers,” The optimism
about the rapid growth of centralized political power led to the creatlon of this capdtal
city out of the savannah woodlands of the Brazillan wildernass In the 1250, The rapld
growth amd spraad of tachnology, energy, and political and economic pover during
the 19503 and 19603 cemented “techno-explosion™ as the default future that inevitably
would baad to colonization of space once the earthly frontiers had been developed.

* There will be no peaks and declines other than through
high-energy substitution such as the historical transi-
tions from wood to coal and frem coal to oil.

+ Econamic activiny, globalization, and increases in tech-
nological complexity will continue to grow.

* The geapaolitical order thar established the United Staces
as the dominant superpower may evolve and changs bus
will noc be subject to any precipitous collapse such as
happened to the Soviet Union,

» Climate change will be marginal or slow in its impacts

on human systems, such that adaptatien will not neces-

sitate changes in the basic organization of socicty. |
* Household and community economies and social

capacity will continue to shrink in both their scope and

importance o society’



Being more transparent about our assump-

tions becomes essential in times of turbulent
change and historical transition.

All of these assumptions are based on projections of past
trends cxtending back over a human lifetime and drawing
more broadly on patrerns that can be traced to the origins of
industrial civilization and capitalism in Furope hundreds of
years ago. Simply exposing these assumptions makes it clear
how weak the foundations are for any planned response to the
issue of energy transitions. Being mare transparent about our
assumptions becomes essential in times of turbulent change
and historical cransition if our aim is to empower personal
and community action.

Since the environmental awareness and energy crises of the
1970s, we have had a parallel stream of thinking and modest
achievements toward the techno-stability future that, in
theory, is compatible with the limits of a finite planet. The
principles and strategies of mainstream approaches to sustain-
ability assume that the techno-stability long-term fucure is
inevitable in some form, even if we go through some crises
along the way. The focus is on how to make that transition
from growth based an fossil energics to a steady state based on

largely novel renewable sources.

Mainstream approaches to sustainability
assume that the techno-stability long-term

future is inevitable.

The tricky issuc of dependence of the financial systems
on continuous economic growth has been largely ignored
or sidestepped by the assumption that the cconomy may be
able to keep growing without using more and more materi-
als and energy. The explosion of economic activity based on



Figure 5. Hydrogen-powered fuelcell bus at the Warld Expo in fichi, Japan, 2005,
The concept of the hydrogen economy was populanized in the early 19905 as the
next energy revolution that would deliver powerful and clean fuals from renawakble
sources. After massive investment in resaarch by governments and corporations over
nearky two decades and with major risas in oll costs over the last five, the hydrogen
soonomy seems more of a dream than ever, At Alchl, the dominant message of the
World Expe shifted from that of the techno-gxplosion future to a softer sustainability
message reflecting the techno-stability future.

financial services and information techoology in the domi-
nant economies during the early 19905 gave some credibilivy
to this concept of the “weigheless economy” although it is
now clear that globalization simply shitted che consumption
of resources to other countries to support this growth in the
SErvice econaries.

Human Capital

Buch faith in both growth and steady-state scenarios rests on
the observation that human ingenuity technology, markets,
and social capital are at least as importane in shaping histary
as raw energy and resources. The stunning power and spread
of computers and information echialogy inte all sectors af
mduostrial society is seen to be as much a product of human

capital as it is of natural capital. The rise of the service economy
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promused continued economic growth without using more
energy and materials. But these service cconomies and the
human capital that helped create them were themselves
created through flows of energy and resources. For example,
mass education, and especially mass post-secondary education,
is a very expensive investment in technical capacity and social
capital that has been possible because of economic wealth
from the extraction of cheap fossil energy and nonrenewable
CUSOTCEE,

In preindustrial societies it was not possible to have so
many potential workers outside the productive econonues of
agricalture and manufacturing, or to build the educational
infrastructure necessary for mass education. Human capital, in

Mass education has been possible because

of the extraction of cheap fossil energy.

the [orm of mass education, the media, democracy, and ather
characteristics of induostrial culture, has greatly expanded the
apparent power of human rather than ecological factors in
deternuning our future. While these new forms of wealth are
clearly important, they are in reality “stores” of high-quality
embaodied fossil energy. Like more material forms of wealth,
they depreciate over tine and must be used and renewed to
remain useful,

Much of the technological and economic innovation
since the oil shocks of the 19705 can be atrribured to soci-
ery’s capacity to draw on this human capieal, and by further
cycles of reinvestment, to build firther human capital. Several
facrors suggest the continuous growth in human capital and
capacity is an illusion.

First, much of this growth 1s in forms that are increasingly
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dysfunctional. For example, the increasingly sedentary life-
style created by the computer and other innovation is requir-
ing escalating expenditure in che health care svstermn and in the
health and fitness industry to compensate for lifesovles that are
incompadble with human biclogy

Second, much of the economic growth since the cnergy
crises of the 19705 has come through economical rational-
15t policies such as privatization. Many academics and social
commentators have identificd how much of the apparent
economic growth has come ac the cost of decline in many
social indicators of well-being. We can think of this growth as
being driven as much from mining (rather than maintaining)
social capital as it has from mining the carth. For example, the
privatization of electricicy and ocher wtilities in tmany coun-
tries including Australia has resulted in the loss of detailed
konowledge and skill abaut che maintenance af infrastructure
as workers are sacked, while budgets for maintenance, training,
and long-term planning have been cut to the bone. Gains in
productivity and efficiency in the purcsuic of profits have been
achieved at the cost of resilience and long-term capacity.

One of the characteristics of a robust, enduring, and mature
civilization is the capacity to consider the longer term, aim for
desirable but achievable futures, but have llback strategies and
insurance policies to deal with surprise and uncertainty. Given
the globalized mature of culture, knowledge, and wealth, our
industrial civilizanion should have been able to devote resources
o serious redesign steategies at the technological, infrastruc-
tural, organizational, cultural, and personal levels that are able
to respand to the potentials of all four long-term scenarios.
Instead we see remarkably short-term behavior and a cavalier
disregard of the fate of future generations. While this is often
explained as “hunum nature™ of fallible individuals, this expla-

nation should not apply to institutions such as corporations, let



Figure &. Nineteenth-century castle In Czech village of Buzowv with waste straw from
cropping fleld in foreground. Tha castle was a Ramantic censtruction by an aristocrat,
While it harks back to feudal times when castles wara constructed from the wealth
extracted from the land, tanant farmers, and serfs, the money for this castle came
from the early urban industrial wealth of central Europe, not the land. This bizarre
sxpression of human capltal Is now a minor tourist attraction. The straw in the fore-
ground, which was once collected for animal bedding In barns in the winter {and thus
compost for the fiakds in spring) is now typically burnt at the side of the fleld, leading
to a dedine in soil organic matter, a loss of eritical biological capital. Biomass furnaces
at district heating plants in western Europa, and [ncreasingly in the east, now use
this straw as a fuel source. This "green technology” entrenches the deprivation of
the food-praducing flelds of the only source of organic matter able to sustain food
production in the energy-descent future,

alone governments. History and systems theory suggest that
powerful and long-lived human insttutions should embody
lemger-term cultural wisdom and capaciny.

We can interpret the shortsighted nature of information
and decision making in our largest organizational structutes
as one of the many signs of cultural decay, reflecting the fact
that our stocks of human capital may be declining just as our
stock of natural capital is. Applying the concept of resource
depledon to that of sodial capital in both atfuent and poor

countries over the last forty years is more than metaphorical.
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This depletion suggests these less material forms of weaith
may be subject to the samc laws of cnergy and entropy that
govern the narura] capital of the earth, air, and water”

Consequently, we should be skeptical of the notion that
imovation in rechnology and organization is a cantinuausly
expanding human resource that we can rely on to solve ever
more complex challenges. This is not to say that given the
right conditions humanity cannat rise to the energy-transition
challenge we face. However, the conditions that could harness
that human capacity are unlikely to include the continua-
tion of endless economic growth, maintenance of current
world power structures, and the idolizing of consumption.
A smoath conversion to a steady-state ECONOIY FUNMNE on
renewable energy withour massive geopolitical and econamic
crises 15 unlikely In fict an increasing number of commenta-
tors recognize that we are already in the crisis chat has heen
unfolding since the turn of the milienniom.

Collopse

For a minority of intcllectuals and ordinary citizens, unim-
pressed by the likelihood of rechno-explosion or techno-
stability, the logical future seems to be some kind of crisis
leading to implosion and the collapse of civilization. The old
adage “what goes up must come down” still has some truth,
but several factors lead people to jump to the conclusion that
the collapse scenario is inevitable without thinking about the
possibilities of descent.

Several factors lead people to jump to the
conclusion that the collapse scenario is inevi-

table without thinking about the possibilities
of descent,
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First, there is a long tradition of millennialism in Judeo-
Christian culture that periodically leads to predictions of the
“end of the world as we know 1¢" based on the idea that
our current world is fundamentally Aawed in some way. The
simplicity and mostly incorrect nature of these past predic-
tions suggest caution when considering current predictions
of doom. The fable of the “boy who cried wolf™ is sometimes
cited to suggest current concerns are also false alarms, But this
history also has the effect af inoculating sociery against consid-
ering the evidence. Exposure to a small dose of millennialism
leads to resistance to the effects of larger doses. Ironically, the
point of the fable is that the threat of the wolf s real but that
no one wakes any notice because of past false alarms.

Another factor reinforcing this tendency of some to helieve
in collapse is the rapid rate of recent cultural change and the

Ironically. the point of the “boy who cried
wolf” fable is that the threat of the wolf

is real but that no one takes any notice
becouse of past false alarms.

very short-term perspective of modern people despite the
huge increase in knowledge about the distant past. Life in
cities and suburbs surrounded by technology and sustained
by reliable income and debt is “normal” for many people in
affluent countries, even though these features only emerged in
the lacter half of the rwentieth century. If future change were
to sweep away this way of life, many people would see this
as “the end of civilization” cven if these changes were quite
modest from a historical perspective. For example, 2 return
to the conditions of the Great Depression is clearly not “the
end of civilization,” but the idea that any downturn from the



EMERGY FUTURES 25

current peak of affluence represents “the end of civilization”
15 quite widely assimed, Perhaps this reflects cthe epocentric
nature of modern mentality where we consider our own
survival and well-being as being more important than was
perhaps felt by past generations, It may also be interpreted as
anl intuitive recognition that this peak of afAuence, like peak
oil, is a fundamental terning poine that will break the illesion
of the—more or less—continuous arrow of growth and prog-
ress into the distant fumpe,

There is substantial evidence that current, let

alone projected, human populations cannot

be sustoined without fossil fuels.

The concept of overshoot in animal carrying capacity has
been used by population ecologists to madel past and paten—
tial future collapses in human populations,*There is substantial
evidence that cureent, let alone projected, human populations
cannot be sustained without fossil fuels. Historical evidence
from the Black Death and other pandemics shows that soci
cries can survive significant die-off in human numbers even
if they do go through great setbacks and changes as a resulr,
Because human systems are now global in scope and integra~
on, the more limited regional collapse of econamies and
civilizations in the past is not necessarily 3 model of the scale,
intensity, and likely recovery from any global collapse, Also
these societies were less complex with less specializadion of
critical functions. It is possible that loss of critical numbers
of enpgineers, technologists, medical specialists, or even large-
scale farmers in a pandemic could cause modern industrial
society to collapse very rapidly.

The consideration of collapse has been strongly influenced
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by some ecological historians such as Cacton, Diamond, and
Tainter. While Catton emphasizes the concept of overshoot
leading to severe collapse, Diamaond emphasizes the aspect
of societal myopia leading to unnecessary collapse, Tainter
provides a systemic view of how failore of cnergy-capture
strategies leads to decline in complexity that can play out over
centuries, [n turn, the conditions for ordinary people may
actually improve when the resources devoted to maintaining
societal complexity are freed for meeting more basic needs.
While all these perspectives and understandings are useful, T
think the all-encompassing use of the term soflapse is too broad
1 definition and inconsistent with our normal understand-
ing of the term as a rapid and complete process. Historical
examples of relatively complete and/or sudden civilizational
collapse, from the Minoans in the castern Mediterranean to
the Maya in Mexico, are potential models for what could
happen to global industrial civilization. The best-documented
historical case, that of the F.oman Empire and Greco-1Loman
civilization more broadly, suggests a more gradual and less

complete decline process,

The best documented historical case of
collapse. that of the Roman Empire, suggests

a more gradual and less complete decline

pracess.

[ don' want to underplay the possibility of a total and rela-
tively fast global collapse of complex societies that we recog-
nize as civilization, T think this is a substandal risk, but the
total-collapse scenario tends to lead to fatalistic acceprance, or
alternatively, naive notions of individual or family survivalist
preparations. Similarly, the collapse scenario is so shocking
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Figure 7. Ruins from the masslve sarthgquaks that davastated Valdivia, Chile, in 1960
This, and many other bulldings that ware never rebuilt, had been constructed on
some of the 10,000 hactares that sank below sea leve| and became inundated to form
vast wetland acosystems, Over the following decades these wetlands developed such
an abundance and diversity of bird Iife that they were listed in the Ramsar conven-
tion, an intarnationel agreement to conserve wetlands.

that it reinfarces the rejection by the nwjority of even think-
mg about the foture, thus increasing che likelihand af very
severe energy descent, if ot total collapse, Perhaps o maorivy
of people think civilizatdonal collapse is inevitable but think
or hope that it won't happen in theie lifetime, A more realistic
assessment of the possibilities and adaptive responses to the
collapse long-term scenario is only possible after 4 deep and
nuanced understanding of the diverse passibilities and likeli-

hands of the energy-descent long-term scenario,

Energy Dascent: The Ignored Scenaric
Public discussion of energy descent is generally scen as unre-
alistic, defeadst, and politically counterproductive, althaugh
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many activists prometing sustainability scrategies privarely
acknowledge that energy descent may be inevitable, I want to
expand the systems approach to future energy transitions by
focusing on the most ignored of the long-term scenarios for
the following reasons:

= We do not have to believe thar a particular scenario is
likely before making serious preparations. For example,
most people have fire insurance on their homes, not
because they expect their primary asset to be destroyed
by fire but because they recognize the severicy of chis
unlikely event. Similarly, energy-descent scenarios,
by theit very nature, require more forethought and
proactive planning than energy-growth or steady-state
scenarios (fo avert catastrophic consequendces).

* The rapidly accumulanng evidence on both climate
change and the peaking of world oil supply, to name the
two most important factors, makes some sort of energy
descent increasingly likely despite the deep strucrural
and psychological demal of this evidence.

* Permaculture principles and straregies {not necessarily
by that name) such as relocalizatdon are likely to inform
society-wide redesign and reorganizaton in an enerpy-
descent future. Since this scenario is the one in which
permaculture is naturally at the fore, it is logical for
those commirted to permaculture to think more deeply
about energy descent.’

Ecological modeling suggests an energy-descent pach that
could play out over a similar time ftame to the induscrial
ascent cra of 250 years. Historical evidence suggests a descent
process that could involve a series of crises thar provide step-

wise tmansitions between consolidation and stabilizadon phases



Figure &, Amish horse cart outside of 5UV sales lot, Raleigh, Morth Carolina, 2003 a
made] far energy descent in more ways than the obvious, The Amish driver s likely to
ba a farmer, a symbel of the greater number of paople who will be invelved in food
production, both domestically and commarcially, in a future of less energy; in Irenic
comtrast to the Burger King sign for fast feed In the background.

that could be more or less stable for decades before another
crisis triggers another fall and then anather restabilizadon.®
There s a desperate need to tecast energy descent a3 a
positive process that can free people from the strictures and
dysfunctions of growth econamics and consumer culture. This
15 oW apparent o many people around the world and is far
more fundamental than a public relations campaign to paint a
black sky blue.? It is a necessary process to provide a sense of

There is o desperate need to recast energy
descent os o positive process that can free

people from the strictures and dysfunctions

of growth economics and consumer culture.
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hope and connection to fundamencal human values expressed
by every traditional culture throughout human history, among
them, that the pursuit of materialism is a false god.

One of the positive aspects of encrgy descent that is often
overlooked s that it 15 a culture of continuous and novel
change over many human generations. lronically the growth
culture of the previous several hundred years provides us with
saome conceptual and cultural experience at dealing with
change thar traditional peoples in more stable societes lacked,
We are now familiar with continuous change, thar we must
do something different from our parent’s generation and thar
our children must do something different again, This may
seern a small bright spol when considering the challenges of
cnergy descent, but it is a real asset that we must harness if
we are to deal with energy descent in the most graceful way

possible, '

Parmaculture

serious and thoughtful responses to energy-descent furures
over the last thirty years (from both sociological and ecologi-
cal perspectives) have received limited atcention acadermically.
In affluent countries, movements advocating low-gnergy
lifestyles, such as permaculture, have contributed mostly to
action and changes at the fringes of society. Permaculture has
been stress-tested in poor countries and in crisis situations,
and as fossil fiel depledon hits levels of affluence globally, its
relevance will likely increase radically.

Permaculture was one of the environmental design concepts
to emerge from the 19705 debate over energy and resource
availability and was founded on the assumption thar the next
energy transition would involve the reemergence of biologi-
cal systems as central to economics and society. The vision
that informed permaculoure design, teaching, and action saw
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relocalized food and renewable energy production, revital-
ized household and community economies, and hinreginnal
political structures establishing a permanent (i.e., sustainable)
human culture. The opportunistic use of fossil-fucled wealth
and waste to fund the transition was an integral part of the
permaculture strategy | see permaculoure design generat-
ing more appropriate biological and human capital in ways
less demanding of physical resources and with low deprecia-
tion rates that are useful to a world of energy descent. In my
book Permacdtiere: Privcples and Patfovays Beyord Sustatnatbility,
[ explained the title in terms of the energy-descent future
undermining the steady-state notions inherent to moest think-
ing about sustainability and even permaculture.

Permaculture has spread around the world bue has an
extraordinary, pethaps unigue, role in Australia as a concept,
2 collection of design strategies, and as an environmeneal
movernent, & definition s included in the dictionary, and it is
almost a houschold word.'? As a “brand™ it carries a grear deal
of grad will but also much baggage and is generally regarded
in policy and planming circles as marginal to mainstream
decision making. Some maore thoughtful prople recognize it
as tuncd to a world of declining resources that will require
adaptive stracegies quite different from thase being pursued
currcntly

Fermaculture is already contributing to changing Australian
suburbs and lifestyle wia bowom-up and organic processes.
Increasing  community awarcness of environmental issues
vombined with rises in the cost of energy, water, and food are
likely to lead to an explosion in permaculture-inspired activ-
ity in Australian cites, towns, and rural landscapes. 1t is now
essental that academics, educators, actvists, planners, and
policy makers understand permaculture as hoth a faceor in the
social and physical fabric of Australian society and a conceplual



Figure 9. *"Melliodora,” central Victorla, 2004. Viaw over poultry deep-litter yard,
roof-runcff garden, and olive and fruit trees to house with solar clerestory showing
above trees. This integration of building and garden agriculturs, including animals
and traes, is typical of small-scale intensive permaculture design that takes meodest
advantage of new and reused Industrial materials and technology in combination
with divarse plant and animal systems to rebuild bicloglcal capital of soil, water, and
living systams. The aim is to provide most basic human needs of water, food, and
energy from the immadiate living anvironment, This is the sta rting point of a radical
relocalization strategy to enhance human engagement with nature, reduce environ-
mental impact, and increase resilience in the face of declining energy and resource
SECurity.

framework for the organic redesign of society and culture for
the energy-descent future in Australia as well as glabally.

Not surprisingly, permaculture solutions have been more
effectively applied in community and agricultural develop-
ment work in peorer countries where energy descent has
been an experienced reality. While these conditions can be
understood in terms of inequitable distribution of resources
rather than fundamental limits, they provide models for
behavior in respanse to cnergy descent. The most dramatic
example is the role that permaculture serategies and tech-
niques played in rapidly increasing urban food production as
part of a multipronged steatepy to avert famine in Cuba in
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the early 19905 following the collapse of the Soviet Union.
What is particularly mteresting about this maodel is that Cuba
15 2 middle-income country with a long history of industei-
alized agriculture and an urbanized and dependent papula-
tion similar to many affluent countrics. Today Cubans have
life expectancy and ather indices of development comparahle
with the United States while using one-seventh the ENErgy
and resources."?

Permaculture 15, inountively, most relevant o the NIy -
descent scenarios in which there is a major decline in the
power from nonrenewable resources, bue many of the stratepgies
are synergistic with those focused on appropriate TESPOTISES
to the techno-stability scenario, which demands a degree of
relocalization of food supply and other key economies and a
shift from centralized to distributed energy sources.

Sometimes permaculture is understand as simply returning
to traditional patterns from the past and is consequently crii-
cized as impracrical. While it is true that older, mare eradi-
tional patterns of resource use and living provide some of the
clements and inspiration for permaculture, it is certainly more
than this. One way to understand permaculture is as a post-
modern integration of elements trom different traditions and
moderniry that involves continuous change and evolution.
This builds on the human experience of continuous change
rather than static tradition as well as the more recent emer-
gence of design as a new literacy that allows us to efectively
and efficienty respond to and redesign our environment and
ourselves. !t
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CLIMATE CHANGE AND PEAK OQIL

THE SIMULTANEOUS OoMSET of climate change and
the peaking of global oil supply represent unprecedented
challenpes driving this energy transition, but historians may
look back with the verdice that the efforts at managing the
transition were too livtle too late. The immediacy of the
problems undermines many of the options for lenger-term
testructuring around renewable energy and appropriate infra-
structure. The systemic interlocking of human and environ-
mental systems supgests other apparently independent crises,
from the psychological to the geopolitical, are being drawn
together to reinfarce a historic inflection point.

CLIMATE CHANGE

While peak oil has remained a concept at the fringe of public
debate and policy, climare change has gachered speed as the
key environmental issue demanding attention  alongside
more rraditional concerns about economics and sccurity. The
creation of the [ntergovernmental Panel on Climate Chanpe
{IPCC) in 1988 reflected the scientific consensus in the mid-
19803 that increasing acmospheric carbon dioxide was caused
by human emissions, but the realization thae climare change
was already happening began to take shape in the 1990s,
and by 2007 cven polideal leaders in the Unirted States and
Australia (wha had become infamous for denying climate
change) began to accept it as a reality. It has been the increase
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in drought and cxoreme weather events more than increases
i average temperatures or subtle ccological changes that have
spurres the political and public realization that climate change
is already happening. The focus has shifted from 1mpaces on
naturs to impacts on humaniey.

Stracegies for reducing greenhouse pas emissions have
become almost synonymeous with che sustainability concept,
Mew financial instruments such a5 carbon mading have devel-
oped despite the uncertainty about international agreements

Figure 10. Thunderstorm cell evar Naw Guinea, 2005. Rapid growth in air travel has
baan one of the signposts of very rapld growth in greenhouse gas emissions that have
hean higher than the worst-case scanardos of the sady reports on climate change by
the IPCC, The aviation industry is alse one of the most vulnerable to peak-oil-induced
escalation in fusl costs, it appears that rising costs will cut amlissions faster than inter-
natianal agreemeants and consumer restraint
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to underpin and sustain them. Renewable energy sources
have grown significantly, especially in countries with the
most progressive responses to climate change. At the same
tme, geological sequestration of carbon dioxide has been
strongly promioted as a way to allow coal-fired power stations
to continue to provide the bulk of the world' electric power
without coeating climate chaos. The nuclear industry has been
recast as an environmental savieor. Despite all the focus on
the issue, the emissions of greenhouse gases worldwide have
continued to parallel economic growth. Consequently the
emissions increases have been higher than even the worst-case
(business as usual) scenarios produced in the earlier reports by
the IPCC.,

Hansen's report suggests that the onset of

severe impacts from climate change is now
Inevitable, even if there is o huge worldwide
effort at mitigation,

The most recent evidence on climate change is showing
that the rate of onset of warming in the Arcric makes the
IPCC’s fourth report look incompetent in it failure to be
alarmist encugh.'

Greenland ice-cap melting and sea-ice retreat are occurring
now far faster than expected. The TPCC's ponderous processes
for its reports have ignored this new evidence. James Hansen’s
research suggests that sea-level rises could be 5 meters {16
feer) by 2100 rather than the 0.5 meter (1.6 feet) used in the
IPCC’s fourth report. This suggests that the onset of severc
impacts from climate change is now inevitable, even if there is
a huge worldwide effort ac mitigation.
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There is also very little evidence that mitipation within
the context of modern affluent saciety will radically reduce
greenhouse gas emission in any casc. Most of the increases
in efficiency and other gains through technology have been
countered by increases in emissions elsewhere. This may
appear to be due to the small scale and spread of these gains,
buc there is a more fundamental problem that is known to
systems theorists as the “rebound cffect” or the “Jevons para-
dox™ A gain in resource efficicncy in one part of 2 system is
unmediately used to drive growth in anather part. For exam-
ple, savings made by a householder in reducing home-heating
costs are typically being spenc on something like an overseas
holiday.

Economic recession is the oply proven mech-
anism for a rapid reduction of greenhouse

gos emissions.

This suggests that without radical behavioral and OrgAn-
izational change that would threaten the foundations of our
growth economy, greenhouse gas emissions along wich ather
environmental impacts will not decline, Economic recession
15 the anly proven mechanism for a mpid reduction of green-
house gus emissions and may now be che only real hope for
maintaining the earth in a habitable state.

Further, most of the proposals for mitigation, from Kvoto
ta the feverish effarts to construct post-Kyoto solutions, have
been franed in ignorance of peak oil. As Richard Heinberg
has argued recently, proposals to cap carbon emissions annu-
ally, and allowing them to be traded, rely on the rights to
pollute being scarce relative to the availabilicy of the fucl 2
Actual searcity of fuel may make such schemes irrelevant,
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ENMERGY RESERVES
AND PRODUCTION PEAKS

Maost of the comparative discussion about energy resources
has focused on “proven, probable, and possible reserves”
These are economic concepts abour what can be profitably
extracted using current technology and prices. Banks lend
massive amounts of money o develop energy projects over
long periods with risks of price collapses that can reduce or
etiminate profits, The proven reserves represent assets that
can be considered 35 collateral by the lender. There 15 a long
history of “reserve growth” of proven reserves. While some
of this is due to technology improvement, and more recently
price rises, very lictle is due to finding more oil, Most of this
growth is simply due to shifting reserves from the "probable”
to the “proven” category and 1s driven by reporting policies
and regulatdons.

Marionalization of 0il reserves in the 19705 allowed OPEC
countries to report reserve growth with less scrutiny by
Western banks, and in the 1980s radical upward revision of

reserve figures was made without finding any more oil. This i
hopeless corruption of reserve figures, of arguably the most '
important set of accounts in the world, was not exposed until
the lare 19905 with the work of Campbell and Laherrere,
which set off the current debate about peak oil.” It 15 sull yet
to be accepted or acknowledged by governments or intergov-
ernmental agencies such as the Inrernational Energy Agency,

The collective myopio on the part of the intel-
ligentsic is oll the more stunning because it
has been increasing rates of energy produc-

tion that has underpinned economic grawth.




Figura 11. An oil well jack pump, Cuba 2007, This type of pump technology has heen
widaly usad to extract oil from low-yielding anshara gil fields, In recent years the jack
pummip has becoma a symbal associated with the concapt of peak oil.

charged with providing transparent and accurate informatian
on energy resources,’

The debate about peak il has also highlighted the confu-
stan 1n economic and pelitical discourse about the impattance
of production rates and their potential to keep expanding.
This collective myopia on the part of the intelligentsia is all
the more stunning because ic has heen increasing rates of
energy production {not reserve growth) that has underpinned
ecanamic growth, The orthodox view that healthy reserves,
by themselves, can ensure expanding production has been
shown to be false,

similatly, the conventional wisdom that coal reserves are
so grear that we can expand coal-based elecrricity with or
without carbon sequestration and make liquid fuel from caal
s now heing widely challenged.® As with ail, we see that
reserve figures are of dubioos reliabilicy, and large reserves do
not mean that production rates can necessarily increase. The
slow rate of increase m oil production fram the Canadian rar
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sands, despite massive investment, heroic efforts in engineer-
ing, and logistics (and massive environmenral damage}, proves
that large reserves do not necessarily lead to high production
rates. The fact that Canada, overnighe, became the nation with
the largest oil reserves in the world because it was allowed to
classify its tar sands as oil, highlights the arbitrary nature of the
reserve cancept.” It 1s highly likely that nowhere near enough
fossil fuels can be mined fast enough to generate the worst-
case emission scenarios of the [PCC. Tt is just unfortunace that
chimate change seems to be happening at much lower levels

of armospheric carbon dioxide than predicted in those same
models.

The evidence on peak cil is gathering so
Fast that it is now certain that the world has

already peaked in the production of cheap

{conventicnal) cil.

The evidence on peak @il is gathening so tast that it is now
certain that the world has already peaked in the producton
af cheap (conventional} oil and that the peak production of
“crude plos condensate” (the standard measure of oil) may
have already passed despite vigorous debunking of peak oil
that continues in policy circles and the media.” The steady
climb in prices for cight years should have been enough to
lift production i that were possible. The impacts of peak oil
are unfolding all around us in the world, but they are being
regulaly interpreted in the media as caused by more famil-
iar (aboveground) factors such as terrorism, oil nationalism,
corporate greed ot incompetence, speculators, and so on. The
combination of olling crises and obfuscation of the issues
is leading to confusion and inappropriate responsss (from
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pil wars to biofuels made from agricultural crops) that are
compounding the problems.

The debate among peak-oil analysts has now shifted from
“when™ to “at what rate™ the world will dechne after we
meve off the current plateaw in production, The decline rates
in the LK and Mexico have provided progressively stronger
evidence that the application of modern management and
rechnology in oil production, while delaying peak, ultimately
leads to faster decline rates than had been expected (based
on prast rates of national decline). If these higher decline rates
follow through into glabal decline, then mitgation and adap-
tation srategics, without economic collapse, will be very difh-
cult. Given the accelerating consumption of natural gas and
coal we should assume peak production of both will quickly
follow oil peak,

COLLAPSING OIL EXPORTS

Another factor is aleeady accelerating the impact of global
peak on the importing councries. Almost all of the oil-
producing countries have rapidly growing economies driven
by large oil revenues and in many cases rapidly growing
populations. Internal consumption in these countries is
ensuring that after peak, the rate of exports declines much
faster than production. Indonesia is a prime example where
all of these factors have combined to make this once major
gxporter a net importer of oil, Mexico is another major
producer in showing the same pattern while the two larg-
est producers and exporters, Sandi Arabia and Roussia, may
also see exports collapse due to rising internal consumption,
Global economic growth may continue for some years in

oil and resource-rich countries, bur nor in the importing



Figure 12. shipping-container loading terminal, Melbourne, with Ganeral Motors car
factory across the Yarra River, 2003, signifying the globalization of trade that, given
the most recent, and perhaps last, great boost in economic efficlency, was predicated
on very cheap energy. The rising cost of intercontinental shipping s threataning to
revarse the globalization of manufacturing, Resource nationalism and nsacurity may
cotmbine with global recession to drive & retreat from global trade faster than actual

anargy costs,

countries that have been used to affluence and continuous
economic growth the longest.®

Alternatively, 3 constant state of corruption, dysfunction,
and/ot open war in oil-exporting countries can have the
effect of enforcing exports in the face of shortages at home.
Although this appears counterintuitive, the failure of func-
tivnal governance in the national interest combined with a
shattered or stunted economy reduces the capacity of the
national market to pay for oil and allows forcign ol compa-
nies to gain [avorable concessions and military protecdon
from corrupt governments, Aspects of this scenario are ac
work to maintain the flow of oil from Nigeria and Iraq to the
United States and other large importers,

Thus, we can see both the collapsing-exports and enforced-
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export scemarios unfelding simultaneously as the major
expression of the struggle for declining produoction. This
suggests, at the very least, massive shills in geopalitical and
economic power over the next few years, even if global

prowth continues,

MET ENERGY RETURNM

An even more fundamental issue is thar of net energy return,
[t takes energy to get energy. Fossil fuels have been such an
abundant source of concentrated encray that the investment
of cnergy we inake in exploration, mining, transpottation, and
processing has been reladvely small, Even when we consider
all the energy embodied in equipment and infkastructure, the
net energy return or profit has been very high, Adding all
the energy and resaurces needed to train and support all the
engineers and other employees in the enerey induostries sall
leaves o huge ner energy prafit, which explains why the oil

industry has been such a profitable one. Howewer, now that

This decline in net energy vield results in an
Increasing proportion of soclety’s real wealth
being devoted to the energy-harvesting

sectors of the economy. leaving less and less
for all other sectors.

we have passed the peak of production of conventional woil,
the net encrgy yicld from new projects apping the heavy,
deep ooean, Acctic, and small remaining amouncs in old oil
fields, using advanced recovery methods, 15 less and less.

Orher resource-extraction sectars of the economy such as
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mining, fishing, and forestry have an escalating energy demand
as pooter, lower-quality, and more remorte resources are
exploited. Mining and metal processing currently use about 10
percent of the world energy supply. This energy use is cxpand-
ing rapidly as lower-quality ore bodies are mined to mcet
growth in demand and depletion of better-quality ores.”

The 1dea that biofuels or coal-to-liquids will simply replace
oil and gas the way oil and gas have replaced wood and coal
shows an astonishing degree of ignorance of the concept of
net energy. When we moved from wood to coal and then
to oil, the increase in power available to humanity was not
Just from the increasing quantity of energy, but also from che
increasing quality. The quantity is casily measured in joules
{heat energy released), but the gquality is something scientists
are more confused about. Tt is widely accepted by scientists
that energy quality is real and determines the usefulness of
energy, but without an agreed way to measure qualicy, it is
largely ignored.

The net energy concepr is just beginning to surfice in
media and policy circles as a way to assess alternative energy
sources and strategies, especially in the debate over corn etha-
nol in the United Stares. While different methods of account-
ing for net energy produce substantially different net energy
profit figures, they all show a pattern of higher teturns for
current and past sources of fossil and renewable energy than
new ones. Economic power and profit from past development
of different energy sources also reflects these general patterns
revealed by net energy calculation methods. This suggests
they can be used to predict real economic impacts of future
ENEIEY SYS[EmS,

The declining net energy yields of our energy resources
results in an increasing proportion of society’s real wealth
being devoted o the energy-harvesting scctors of the econ-
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Figura 13. The dramatic effect as energy return on energy invested falls
below 10 is illustrated by this graph.

oy, leaving less and less for all ocher sectors. The implicatans
of declines 1 net energy from new resources are so shocking
that there i3 much confusion and denial about che cancepe of
net encriy.

The promation by the U Department of Agriculture
of research showing an energy return on energy invesred
{EROED of 1.6 for corn cthanol as a "good resalt” indicates
how the understanding of these issues is very poor, even by
the scientifically litceate ™ A society based on an energy source
of this quality would be constantly investing 62 percent of its
encrgy back into the energy industry (the 1 in 1.6), leaving
anly the remaining 38 percent of the total energy in sociery
for everything else—health, education, culture, food produc-
temn, law, leisure, and so on, Our madern industrial saciety has
been fueled by enerpy sources with EROEI mres as hogh as
100 and no lower than 6 (requiring between 1 percent and 17
percent of the wealth created being invested to get the yield).

lronically, conventional economics is blind o this shift
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because one type of economic transaction is considered as
good as another, so growth in the energy sector at the expense
of, say, personal consumption is not seen as indicative of any
fundameneal problem.

My own tracking of these issues over the lasc thirty vears
leads me to the conclusion that the next energy transidon
15 tor sources with lower energy-production rates and lower
net energy yield, which in turn will drive changes in human
economy and society that are without precedent since the
decline and/or collapse of previous complex civilizations
such as the Mayan and the Roman.

The most sophisticated method of evaluating net energy,
with the longest history of development, is ewergy account-
ing developed by Howard Cdum and colleagues.! Tt has
informed my own development of permaculture principles
and strategies aver the last thircy years, bur unfortunately i
remaing unknown or at best misunderstood in academic and
policy circles. Ewergy accounting includes ways of measuring
energy quality (called “transformity™). 'This makes it possible
to account for small gquantities of very high quality energy
in technology and human services that undernune many aof
the more optinustic assessments of alternative energy sources
including biomass, nuclear, and solar,

To test the relative impact of net energy compared with
declines in energy production rates, [ used a recent assessment
of global encrgy producdon through 20540 by Paul Chefurka
that was published and discussed on The Oil Drrom Web sice ™
The stady was well referenced and its assumptions and meth-
edalogy were clear. It took account of likely reducnons from
oil, gras, and coal but included reasonably optimistic figures for
fiarure production from renewables and nuclear. Lk shows a peak
in total energy production about 2020 fallowed by a decline w
70 percent of 2005 production by 2050, This is a very serious
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Figure 14. The graph models gross energy availability, Because of decreasing net
enargy ylelds of many of the above resources, achual available energy for sockaty will
likely decrease more dramatically. Aeprodured with permasion dram Peul Chefurka

reduction given an expected global populadon of mine billion.
Figure 14 shows the key production projections and figures 15
and 16 the energy-mix pie charts from the study:

Using published emergy accounting studies' T multiplied
these current and projected global energy sources by their net
emergy yicld ratios, This shows that the energy quality of the
2050 energy mix will be 38 percent of the 2005 energy mix,
This suggests that declining ner energy is a greater factor than
projected declines in production. Multiplving these factors
together suggests real energetic power available to humanity
will be 40) percent of current yields, This does not allow for
the energetic cost of carbon sequestration (still unknown) ta
ameliorate the otherwise disastrous impaces on the climate of
the increased use of coal.

Further 1t daes not take account of decline {or ingrease} in
the average net energy return for a partcular source, While
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it is possible that net energy return from newer rencwable
sources (such as solar and even wind) could conceivably
improve with time, it is more likely that chey will decline as
the embedded fossil energy contribution (to the new energy
sources) declines. What is more certain is that net energy
return from fossil fuels including coal will decline so that the

The net energy return from fossil fuels
including coal will decline so that the calcu-
lation of about 40 percent of current net

energy being available by 2050 may still be

optimistic.
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Figure 16. Pie chart of estimated global anargy production 2050 based on assump-
tions in study by Paul Chefurka. Repeodsced with permission from Paul chefurka,

calculation of about 40 percent of current net energy being
available by 2050 15 sull ophimisdc. A new evaloatian of the
net energy rerurn of gas production in North Americausing a
riethodology developed by Cleverland and Costanza suggests
net cnergy return is in the process of a collapse so severe that
net energy vield from gas in Canada will effecovely fill to
almost nothing by 2014 and that similar tesults apply to U5
production, " This is very different from the official view that
claams the United States has eighty-six vears of production at

2004 levels based on production-to-reserves ratios.

The greac optimism in industry circles abouwt future produc-
tion fram unconventional gas resources such as coal seam
methane in eastern Australia or the Marcellus Shale in the
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United States may reflect the potential for growing indoserial
activiry supparted by rapidly rising prices, but where produc-
tion rate and net enelgy return to socicty decline. This result
would be good for investars right up to the point where the
industry collapses.

The implications of some of this information is so shocking
that the naive and simplistic idea thar we are running out of
oil and gas {rather than just peaking in production) may be
closer to the ruth than even the most pessimistic assessments
of peak-oil proponents a decade ago.

ASSQCIATED ISSUES

Many other factors beyond climate change and peak oil
are increasing the stress on global ecosystems and humanicy,
making some form of energetic descent, if not collapse, seem
inevitable. A few of the more fundamental ones need at least

a Mentiomn.

Critical Materials Depletlon

Accelerating economic growth and energy extraction over
the last decade has greatly increased depletion of other
essential nonrenewable resources, especially  phosphates
for food production and nonferrous metals for industry.
Almost all the unfolding plins and projects for energy tran-
sition beyvond oil will place more demand on these depleting
resources. For example, the demand for nickel-steel alloys
required for high-pressure natural gas pipelines is pushing
up the price of nickel and further depleting the remain-
ing stocks. As lower-quality deposits of critical materials are
tapped, energy demands for extraction and processing will
escalate dramatically and production rates will fall. The title
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of Richard Heinbergs latest book, Peak Everpthing, sums up
the situacion. ™

wWoter Depletion

Water is the most abundant respurce used by humaniny, but
the growing demand is so vast that the limis once specific
to a bioregion are now being expressed at the global scale.
Although 1 don’t subscribe to the view that global water
shortage will constnict global growth before or more severely
than liquid fuel supplies, the global water crisis is already quite
scvere, Even il we auribute the most deamabc impacis of
droughts directly to climate change, other factars are indepen-
dently contributing to the water crisis. The loss of wetands,
perennial vegeration, and forests as well as soil honus are all
reducing the capacity of catchments and soils to catch and
store water between periods of rain, which in turn escalates
demand for ircigation. Increasing affluence is directly and
indirectly increasing warer consumption, espeaally through
intensive livestack husbandry dependent on irtigated fodder
crops. The extraction of groundwater beyond recharge rates,
including hupge reserves laid down atter the last ice age, makes
many water resources as depletable as fossl fuels, giving rise
to the term fossil water. Finally, the decline in water quality is
increasing death and illness from water-borpe discases and
demand tor expensive water filtration and trearment, as well
as bottled-water supplies.

Food Supply

The unfolding global food crsis can be largely arributed to
the manifold interactions and secondary effects of energy
costs and climate change including droughts and bad seasons,
biofuel demand, and escalating costs of (energy-intensive)
tertilizers, pesticides, and irrigation. Ocher factors exacerbating
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the crisis include rising affiuence, increasing demand (espe-
cially for beef and cotton), past low prices destroying farm-
ing as a livebihood, and failure of the land-reform agenda in
maost councries, Fixing these secondary factors is technically
possible, but seems unlikely. There is also evidence that agri-
culture is running up against fundamental yield limies for our
main crops that, despite all the promises, genetic engineering
has failed to break through. Widespread application of organic
methods and permaculture design, especially when applied o
small-scale systems, could reduce the impact of the crisis, but
this will not be simple or quick.

Population Pressuras

The contimued groweh in human numbers s now pushing
well beyond that which could be sustainably supported with-
out fossil fucls. Although affluence, conflict, and other human-
created factors are multiplying the impact of population, thers
are structural factors that make the large and growing human
population mare important than it might otherwise be, The
total size of the human population, its density of sctdlement in
cities, and the constant interchange of microbes due to travel
and trade are all powerful factors increasing the likelihood
of new and old diseases creating pandemics on an unprec-
edented scale.

Finonciol Instability

The accelerating growth and concentration of debt and finan-
cial ussers, especially in the housing and derivatives markets, is
destabilizing the glabal economy. The virtual impessibility that
future growth in the real economy could ever be large enough
to justify those debts and assers supggests a major and endure-
ing economic contraction in the near future. Alternatively,

we may see the financial crisis in the United Stares trigger a
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collapse similar ta chat which happened in the Soviet Union.
As this baok was going to press the global financial crisis
has been bigger news than the landslide presidential election
victoty of Obama in the ULS, There is a substantial chance
that the desperate attempts by central banks o reinflate the
1.5, and European economiss will fail, making a depression of
greater magmitude than the so called Great Depressian a likely
outcame. Un the other hand, if the reinflation is successful
then rising demand for oil and other commedines will creare
new price spikes chat will quickly precipitate the next crash.
Whatever happens in the future, the fundamental cavse of
this Jatest economic recession is the same as four of the last
five global recessions: a sudden rise in oil prices, As abways,
energy fuels the econamy while financial activity increasingly
represents little more than steam, smoke, froth, and bubble
which confuses che picture. If China, India, Boussia, and other
growing economiss survive relatively unscathed, complecely
new global power and economic systems could emerge quite
quickly.

Psychosoclal Limits te Affluence

The psychosocial limits of affluent consumer culture suggest
that multipenerational mass afluence may born iself out in a
few generations, through dysfuncrional behavior, addictions,
and depression.”” While the "Roaring ‘Twentes” in affuent
countries gave some examples of the excesses of affluence
that were swept away by the Great Depression and Second
World War, the three generations of affluence since then have
stimulated lifestyles and behaviors that are amplifying unsus-
tainable resource cansumption to new heights. The onset of
scverg psychosocial dysfunction in the long-afluent Western
world could be as powerful a toree as instalilicy in the finan-
cial system,
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Species Extinction
The accelerating rate of species extinctions suggests humans
have initiated a wave of exdnctions on the scale of the aster-
oid that is belicved to be the cause of the mass extinction that
wiped out the dinosaurs sixey-five million years ago. Apart
from the ethical and psychological issues involved, it is hard
to predict how and when this will result in major adverse
impacts on humanicy other than to recagnize that it is erod-
ing the penetic base that we will increasingly depend on in
the future, as well as increasing ecological instability that is
undermining our ability to produce food,™

Drespite che severity of these and ather associated problems,
L see climate change and peak oil as the most fundamencal
ones for the following reasons:

* They both are inevitable consequences of the acceler-
ating use of fossil fuels, the undeniable primary ficror
n creacing the explosion of human numbers, cultural
complexity, and impacls on natuee,

= They both appear to be generating immediate and
severe threats to humanity,

* They bath show a long-term pattern of accelerating
intensicy.

* They bath contribute directly ot indirectly to the
impact of the other serious problems threatening

humanity and nature.

To seggest that the next energy transition will fall well short
of the past patterns of human collective expectations is a gross
understatement. My quick overview of evidence with regard
to the most critical issues suggests we need to refocus our
assumptions about the future around energy descent while
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developing the psychosocial and eco-technical capacity to
respand to the range of possible scenarios that we could face,

While continued efforts to better understand the rate of
onset of climate change and the decline in ol productan is
very usefull, an equally important task 15 to understand how
these factors will combine to create differing futures.
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DESCENT SCENARIOS

SCEMNARIO PLAMNMING

THE SYSTEMS aAFPROACH tothe energy-descent future
can be taken further by using a scenario-planning model that
combines two fundamental and largely independent variables
that generate four scenarios, one for cach of the quadrants of
a conceptual graph. Scenarios in this context are plausible and
internally consistent stories abour the future that help orga-
mizations and individuals to achieve a broad and open-ended
adaptability to inherent unpredicability.

In classic corporate scenario planning the two variables
might be the growth rate in the wider cconomy and the
regulatory framework that constraing or encourages business,
Bur it was the use of scenario planning by Shell Oi Campany
that first brought the method to prominence, Prior to the ol
crises, scenario planning had been used to identfy a range
of scenarios that could threaten the company, including oil
embargo. Working through the indicators and consequences,
the company was able quickly and proaccvely to respond to
the crisis more effectivelv than the other oil corporations.

Climate change and oil-production decline are the vari-
ables | use as the primary drivers in creating the four cnergy-
descent scenarios because | believe these are the strongest
forces shaping human destiny over the twenty-first century
and beyond. Consequently they are central o consideration
of the cnergy transition across nations and cultures and in
both urban and rural environments.
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INTERACTION OF PEAK OIL
AND CLIMATE CHANGE

Alchough both variables are cavsed by collective human
behavior and potentially can be ameliorated by huoman behas-
inr, they arise from geological and climatic lmits beyond
human control, The debace over amelioradon versus adapta-
fon o climace change is often portrayed as a potent moral
choice between burming coal and accepting a changed world,
or a shift to renewable energy to save naturs, The emerg-
ing evidence suggests that this choice was anc that humanity
collectively fudged in the 1980s,

Similarly the actions necessary to make an orderly transidon
from oil to other energy sources have been assessed as taking
at least two decades,! Apain society had the evidence from the
peaking of U.S. oil productan in 1970, but with the return of
cheap oil in the 1980s the energy problem appeared to hawve
simply gone away owing to “hetter” economic policies, Now
climate change is accelerating and peak oll is upon us.

As well as having to adapt o both of these new realities, we
also grapple with the inreractions both positive and negative.
The accelerating shitt to increased dependence on nataral gas
15 olten portrayed a3 a positive reduction in carbon intensity,
but this is simply accelerating the depledon of our children's
reniining inheritaince of high-quality imnsportation fuel.
Similardy projects developing tar sands and other low-grade
sources of ail massively increase greenhouse gus emnssions,
Perhaps more surprising to some, the huge push in the United
States and Furope to make biofiels from corn and oil-seed
crops is increasing land degradation and resource consumption
and contributing ta driving up the cost of grains and oil sesds.
bany authorities are warning of global famine due to climate
and energy crisis factors {including biofuels) coming rogether,?



We can build local resilience no matter where
wa live, at the same time as we make the

greatest contribution to reducing greenhouse

gas emissions.

The low EROEI of biofuels, especially corn-based ethanal,
suggests biofuels may be a way ro deplete natural gas while
degrading agricultural land and starving the world’s poor.

On the other hand, radical reductions in consumption due
to rransformative lifestyle change, creative reuse of wastes
generated by industrial and consumer systems, and a shift o
truly productive work within revitalized home and commu-
nity economies show how we can bath build local resilience
and capacity to adapt to the destructive change at the same
time as we make the greatest contribution to reducing green-
house gas emissions and fossil-fiel depletion rares, While this
strategy would be most productdve and eflective in the mast
affluent countries, it has increasing relevance worldwide.?

The reluctance to seriously consider positive reducdons in
consumption in public debate about climate solutions could
be swept away by the unfolding global energy and food crisis.
Developing some of the harder and longer-term ecological
and modest technological adaptations to ongoing and relentless
energy descent will take decades to have widespread impacts
{as do all high-energy, high-tech centralized approaches) bur
radical and rapid human behavioral change is possible and even
likely {given the right psychosocial conditions). The emerging
cnergy and economic crisis will make these reducdons a real-
ity with or without a planned and creanve response.

The alternate scenarios 1 have constructed provide more
detail about how the energy-descent future might evolve over
the next few decades rather than the hundreds of years of
the long-term scenarios. In addition to combining the effects
of slow or rapid ocil-production decline, and slow or rapid
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plobal warming, they cover a very broad spectrum of human
possibilities that can be recognized by wvarious symptomns
and signs in different places in the wotld today. They are all
energy-descent scenarios in that they depict possible furures
with progressively declining net energy. This must be under-
stood against the hustorical background in which energy use
per capita globally has been on a2 bumpy plateau for thirey
years after the previous thirty vears of rapid growth per capita
from the end of World War I The graph in figure 17, from
the previously mentioned study by Paul Chefurka, suggests
worldwide per capita energy use may continue Lo rise to
abour 1.7 metric tons of oil equivalent (roe) by 2020 before
talling to 0.9 toe by 200507

Haowever, my own rough caloulstions using net energy racios
{from Odum) to convert these undifferentiated joules of enengy
in more approprisle measures of net energy per person suggest

Flgure 17. Average global energy production par cagita from 1965 to 2045, Reproduced
wish permbsion fram Paul Chadurka.
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the world is already past the peak in net cnergy per person and
will soon be into absolute global net energy decline.

THE FOUR ENERGY-DESCENT AND
CLIMATE-CHAMNGE SCENARIOS

[n this section, four energy-descent scenarios are considered,
cach emerging from a combination of either fast ar slow oil
decline and either mild or severe climate change over the
next ten o thirty years. U've labeled these

* Brown tech: (slow oil decline, fast climate change);

* Green tech: (slow oil decline, slow climate change);
* Earth steward: (fast oil decline, slow climate change);
= Lifeboats: {fast ol decline, fast climate change).

Figure 18. The four global climate-change and energy-descent scanarios.
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While the characterizadon of the four scenarios is difficole
and inevitably speculacive, the scenarios do provide a fcame-
work for considering how peak oil and climate change could
interact to reshape global and local energy resources, seitle-
ment patterns, econormy, and governance, They also provide
some insight into what could be effective responses for aware
actvists to secure their own and their families” future while
caontributing to sacicty in a positive way Those responses
might include potencdally effective policies that could be
adopted by forms of government that might be functional
and effective in each of the scenarios.?

Finally, these scenarios clanfy the relevance of permacul-
ture principles in a world of energy descent and focus aur
atcention on the strengrths and weaknesses of various scrate-

gies in adapring to the differing scenatios,

Brown Tech: Top-Down Constriction
Sloww energy-decline rates, severe climate-changs
Sy
The brown-tech world is one in which
the production of oil declines after
its peak between 2005 and 2010 at
about 2 percent per annum and the subse-
quent peak and decline of natural gas s also
relatively pente, but the severity aof global warm-
ing symptoms 15 at the extreme end of current mainstream
scientific predictinns. In this scenarice SITONE, EVeN Aggressive,
national policies and actions prevail to address both che threats
and the opportunities fiom energy peak and climade change.
The paolitical system could be chamcterized as corporatist or
fascist {which Mussolini described as a merger of state and
carparate power).

The tendency in existing systems for massive centralized



[-F] DESCEMNT SCENARIOS

investment by corporations and governments gives priority
to gerling more energy out of lower-grade nonrencwable
resources (.g., tar sands, coal, and uranium) and biofuels from
industrial agriculture and forestry. “Breakthrough™ technala-
gies provide the constant promise of a better filture, but much
of the investment in enengy harvesting accelerates glohal
warmmning, at least in the short term.

At the samne time the cost of defending or replacing urban
infrastructere threatened by storms and future sea-level

CISC CONSUMLCS Mo respurces, while droughts and chaoric

v \[-hud

Figure 18. Saawalls on the waterfront, Havana, Cuba, dastroyed by hurricanes and
concrete cancet, 2007. In the brown-tech scenario, aging urban coastal infrastructure
combined with falling govarnment budgets leads to great impacts from increasing
natural disasters driven by increased storm frequency and intensity plus sea-level
rises of more than a meter per decade. In some areas huge investment |s spent on
new Infrastructurs to protect urban areas that have no long-tarm prospects,




Figure 20. Petrochemical plant. Altong, Victaria, 2003. In the brown-tech scenarin,
the petrochemical industry expands its use of [ow-quality feedstocks such as heavy
oil and coal with high prices and government incentivas to malntain supplies of fuel,
plastles, and chamicals for essential industries and new Infrastructure.

seasonal changes reduce food production from large-scale and
smalt-scale agriculoure,

Flows of energy from more expensive soutces such as tar
sands, deep-ocean oil, gas-to-liquids, and coal-to-hquids slow
the decline in fuels from crude oil. This transition requires a
huge mobilization of the technical and manaperial capacity
held maostly by global corporations, along wich the financial,
legal, and military security that only soversign sovernments
can provide. This resource nationalism by governmenes breaks
down free trade and the faith in international markets that
underpins the global economy.®

By 2007, we had already seen the shift from a buyers to a
seller’s market for energy cascading through all commuodities
tnarkets and reshaping geopolitical relations.” The profits from
both nonrenewable resources and large-scale industrial agri-
culture rise on the back of high commodity prices, reversing
many of the economic patteros and twends of recent decades.
The wealth of farmers and miners as well as corporations and
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Figure 21, Cultivation for large-scala vegetable production, Ventura, Callfornia, 2005,
In the brown-tech scenarfo, increasad aridity and unreliable water supplies reduce
production of grains and other staples causing governments to give priority to fuel,
fartilizer, and technology for agribusiness to ensure food seurity for large urban
populations, Demand for fruits and vegetables from centralized market systems
daclines owing to increasing poverty and more self-rallance on home and Community
gardans. Some land previgusly growing high-value horticultural crops far national
and global markets is converted to production of grains and other staples.

nations in control of these resources increases even as deple-
tion reduces the fows of resources, and climate change causes
chaos in farming and land management.

‘The demand for biofucls in afAuent countries reduces world

food stocks and raises prices to levels thar result in famine
and chaos in many poor countries unable to sustain subsidies
far staple food.® In other countries, food riots by the poor
force governments to pay for escalating subsidies, The wealth
left over for educarion, health, and so on, collapses. Wars to
secure fuel and food increase and refocus public attenton on
extertial threats, In richer countries, consumer-led cconomic
growth falters or is actively shut down by government policies
to focus limited resources on food, fuel, and climate SECUrity.
Some type of global economic depression unfolds from the
combined effects of high energy and food prices, superpower
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contest, resource natonalism, 2and the fragilicy of the financial
syal2m,

Rapid onset of climate change also tends to support
centralized nationalist systems for several reasons. Fiest, the
consequences of chaotic weather, food-supply problems, radi-
cal land-use change, and abandonment of marginal land leads
to demands for strong government action to protect people
from high food and fuel costs, natural disasters, the conse—
quences of strong acdon by other nations, and mass migra-
tion by displaced people. Rates of urbanization increase as the
mpacts of climate change and withdrawal of government-
supparted services in more remote rural regions acecleraces,

A decline of the middle class already cvident in many
Western countries accelerates, leading to discontent and
suppression by governments including internment camps
either for migrans or for homeless people.? Scrong approaches
to populatton control, even forced sterilization, are incroduced
i1 sOme countries.

A series of short but intense international conflicts confirm
major shifts in global power balances while accelerating
resaurce depletion. Contral of nonrenswable fossil fuel and
mineral resources remains critical, while the (relative) impor-
rance of distributed renewable wealth from agriculrore and
forestry continues to dechine as the climate deteriocates, espe-
cially in my home country of Australia where preater severity
of droughts hits hard. With food supply under threat, fossil

A decline of the middle class already evident
in many Western countries accelerates, lead-
ing to discontent and suppression by govern-

ments including internment camps either far
migrants or for homeless people.
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Figure 22. Banner in antiglobalization demanstration, Melbourne, 2000, that reads
"Permaculture: Local Solutions to Global Problems.” In the brown-tech scenario,
permaculture and other grassroots approaches to sustainable resource wse remain
ralativaly marginal to the dominant economic and political decision making.

fuels and other resources are redirccted from personal mobility
and consumption o intensive factory farming in greenhouses
and other conrrolled environments, mostly clustered around
urban centers and managed by agribusiness cotporations.
Desalination and other high-energy ways to maintain
water-supply systems are built ar huge cost and further
increase demand for energy. The threar of sea-level rises leads
to large-scale urban redevelopment driven by strong govern-
ment policies. Some very bold initiatives for energy-efficient
medium-density urban development and public-transpor-
tation infrastructure are funded. A key characteristic of this
scenario 1s the sense of divide between the faling numbers of
“haves” dependent on a job in the “system” and the relatively



Figure 23. Hillside barrio {shantytown setthbement) housing poor people in Caracas,
Veneruela, 2007. In the brown-tach scenarie, barrios around large cities continue to
grow, absorbing rural migrants esceping worsaning conditions for rural self-reliance
dus to climate change and increased corparats takaover of land for food and biofuel
production.

lawless, loose but perhaps communitarian “have-nots” with
their highly Ae:ble and nomadic suboultures living from the
wastes of the “system” and the wilds of nature. Security of
the “haves” 15 a constant issue, with gated communities and
apartheid-sovle townships and barrios for the “have-no.”
While economic depression and reduction in consump-
tion slow preenhouse gas emissions, the rapid cxpansion
of strategic investment by government in new energy and
urban infrasoructure more than replaces the reduced private
consumption, leading to a positive feedback loop that aceeler-
ates global warming,

While the elites continue to be driven by a commitment
to superrationalist beliefs,™ 2 sense of hollowness and lack
of purpose charactenizes the shrinking middle class, while
[undamentalise religions and cults play a stronger mole in the
lives af the working and unemployed classes, partly through
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genuine reactions to the falures of modern homanism and
partly manipulated by the elites to deflect anger and disen-
chantiment. The brown-tech scenario could be dominant and
even more or less socially stable for many decades until ongo-
ing climatic breakdown and reduced net encrgy return drive
a shift to the lifeboars scenario.

“Top-down constriction” summarizes the cssence of this
scenarie in that national power constricts consumption and
focuses resources to maintain the nation-state in the face of
deteriorating climate and reduced energy and food supply,

Green Tech: Distributed Powerdown

Slow energy-decline vates, mild climate-change

SYmpions
The green-tech scenario is the most
benign, in that adverse climate
changes are at the low end of projec-
tions, Oil and gas production decline
slowly as in the brown-tech future, so
the sense of chaos and crisis is more mured
without major economic collapse or conflict. This
allows resoucces to flow to a greater diversity of responses at
the global, national, city, community, and individual level. In
some already densely populated poor countries, conditions
WOTSEIL

Higher commodity prices, however, allow some poarer
producer econonues to cscape their debt cycle, while programs
to empower women tesull in rapid reducton in the birthrace.
The gradual reducton in the capacity of countries to project
power globally, owing to rising energy costs, increases national
security and redirecton of resources away from defense and
Iesource capture o resource conservation and technolog-
cal innovation, The consolidanen of global communication



Figure 24. Wind turbines and wheat crop, Pommerland, Germany, 2005. In the green-
tech scemarfo, rapld growth in renewable energy technologies continues, butthe equally
rapid expansion of biofuals from agricultural crops is curtailed as government policies
shift from concern about fual-supply security to food-supply security. Large-scale indus
trial agriculture continues to provide most nonperishable food, but high fartillzar and
chemical costs accelerate the change to carbon-bullding erganic methods,

systems maintains global outlooks and understandings if noc
global economics,

Asin the brown-tech scenario, clectrification is a key element
in the energy transition, buc the renewable energy sources of
wind, biomass, solar, hydro, tidal, and wave grow rapidly, devel-
oping a more diverse and distributed mix. The relatively benign
climare allows a resurgence of rural and regional economies
on the back of sustained and prowing prices for all natural
commadities including feedstock for biofueis,

The relatively benign climate allows a resur-
gence of rural and regional economies on the
back of sustained and growing prices for all

natural commeaditias ncluding feedstock for
bicfueis.




Figura 25, Organic subscription agriculture, Kyushu, lapan, 2004, In the green-tech
scanario, increasing cost of fertilizers, chemicals, and transportation drive a shift to
mare |locallzed and urban agriculture produdng fruits, vegetahles, eggs, dairy, and
meat products,

The principles behind arganic agriculture and ecological
management and resource allocatton become the norm in
many farming systems, helping to stabilize agriculture chal
lenged by increasing cost of energy inputs and {albeit mild)
climate change.

The accelerating conflict between biofuels and food is stabi-
lized if not resolved by government subsidies to support food
supply from agriculture, with biofuels coming mainly from
forestry waste. In many regions with prime agriculoural laind and
small populations, wealthy farmers and agribusiness corporations
are the matn beneficiaries, employing both high technalogy and
cheap labor from migrant workets, In some regions, with poorer
and steeper land and more diversified land ownership, smaller-
scale polveulture systems designed using permaculture princi-
ples spread wealth more evenly through local communities,

Cantinnows conreaction affects large sections of the econ-

aimy, but the encrgy, resource, and agriculture sectors along
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Figure 26. 5olar retrofit of an old barn at Kleln Jasedow community, Pommerland,
Germany, 2005 {phota: wwww kleinfasedow-Famille.de). In the green-tech scenario,
expansion in photovoltaic power is accelerated as new, mora efficient technaology
becomes available, but grovrth is constrained by hottlenadks in production and exces-
sive damand, so as a proportion of total energy supply selar remains smmall.

with recycling and retrofit industries expetrience rapid growth
based on high commodity prices that arc sustained despite
coonomic recession in the main conswming economies. In
some affuent countries, reform of monetary systems lowers
the scale of financial callapses and refocuses capical on produc-
tive and socially useful innovation and investment.
Information techneology continues to vield gains in energy
and respurce management, from real-time pricing and scl
healing electrical grids, to Internet-based ride-sharing syatems
and telecommuting, Conservation vields the greatest gains
with major public polhicies to change personal and argani-
zational behavior. In ather countries, especially the United
Stares, the appurent opporunites for condmued economic

growth, combined with government policies to support a

low-carbon economy, lead to a renewable-cnergy investment

bubble followed by a severe recessian,




Figure 27. Bicycle parking at Nagora raillway station, Japan, 2004. In the green-
tech scenario bicycle numbers and use grow rapidly in affluent countries leading to
increased health and well-being and a radical reduction in fuel consumption.

State and city governments responsible for providing

services are able to lead much of the restructuring to more
compact cities and towns with increasing public-transpor-
tation infrastructure. Growth in large cities (especially in
coastal lowlands) is reversed by public policies ahead of the
worst effects of increased energy cost and global warming,
while regional cities, towns, and villages see modest growth
on a compact urban model that preserves prime agricultural
land and develops mixed-use neighborhoods with more local
work and radically less commuting,

The placing together of many of the more optimistic aspects
of energy descent may seem artificial, but there are reasons to
believe that the green-tech scenario will tend toward a more
egalitarian structure with the relative shift of power from
control of oil wells and mines to control of the productiv-
ity of nature via traditional land uses such as agriculture and
forestry and more novel renewable technologies.

The inherently distributed nature of these resources will
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lead to more distributed economic and pobtical power at
the level of cities, with their hintetlands and ocrganizations
focused at this scale, For example, successful lacge-scale farm-
ers who have reduced their dependence on energy-intensive
inputs through permaculture strategies and organic methods
may find new profits in more |ocalized markets with prices
sustained by policies that cncourage regional self-reliance.
Any profits beyvond farming are likely to be invested into
local energy systems that generate more employment and
further reduce economic dependence on central gowvern-
ments and large corporations. [t is possible that these same
processes could lead to highly inequitable, even feudal systems.
However, the universal focus on more susainable production
and reduced consumption that is not forced by remote and
arbitrary central power has the tendency to foster more egali-
tarian responses than in the brovwn-tech scenario,

The substantal reductions in greenhouse gas emissions that
result from this scenario keep climate-change impacts to a
mininyuem, thus stabilizing and reinforcing the scenario’s basic
characteristics for ar least several decades.

The success in radically reducing consumption of resources
while sustaining modest growth in some local cconomies,
combined with stabilization af the cdimate, encourages a new
“sustainability” elite to consider firther changes to consolidate
these achievements in the face of ongoing net energy decline.
The worst excesses of consumer capitalism are controlled by
restriction and reform of advertising and other dysfuncdonal
forces.

Civic culture strengthens where further transition toward
a nonmaterialistic society combines with the maturation of
feminism and environmentalism, and 2 resurgence in indig-
enous and rraditional cultural values. These trends stabilize
the accelerating loss of faith in secular humanism allow-
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Figure 28. Solar cookers, Gaia Ecovillage, Navero, Argentina, 2005. In the back.
ground are a solar hot-water heater and the thatched-roof cob community build-
ing. in the green-tech scenario, small-scale, simple, appropriate technologies begin
to grow and spread, with and without government support, as part of a wider
economic and political move toward relocalization.

ing the evolution of more spiritual “cultures of place”” QOver
time, an evolution toward the earth-steward scenario seems
an obvious and natural response to the inexorable decline of
nonrenewable resources. “Distributed powerdown” summa-
rizes this scenario by emphasizing both the distributed
nature of resources and power, and the planned contraction
invalved.

At their extremes the green-tech and brown-tech scenarios
also describe many of the elements that could be expected in
the techno-stability long-term scenario where new energy
sources manage to replace fossil fuels without the stresses
that lead to systemwide contraction. The current levels of
ecological, economic, and sociopolitical stress are the indirect
indicators that we are entering the energy-descent scenar-
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ios rather than simply a cransition from energetic growth to
stabilicy, Relative insulation from those stresses and the persis-

tence of faith in the monetary accounting “house of cards™ '
by the upper middle class (if not the global clites) concin-
ucs the confusion. ' The fack of understanding of net energy

concepts and disagreement among the experts on appropriate

methods of net energy accounting, combined with political
pressutes from the unfolding crisis, lead to energetic descent

covillage, Navero, Argentina, 2005. In the back-
ter and the thatched-roof cob community build-
1all-scale, simple, approprlate technologies begin
fthout government suppert, as part of a wider
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being mistaken for “business as usual ™

Earth Steward: Bottom-Up Rebuilld
Rapid energy-dective vates, mild climate-change
syamploamns
In this scenario the decline in oil
production  after a2 peak in ol
liquids praduction before 2010 is at
the extreme end of predictions by
peak oil modelers {10-15 percent decline
per annum) and is followed by an even faster
decline in gas production plus a simultanecus peak
in coal production. The shock to the world’s fragile financial
systems is overwhelming, resulting in severe economic depres-
sion and perhaps some further short, sharp resource wars,
This econamic collapse and chese political stresses, more
than the actual shortage of resources, provents the development
of more expensive and large-scale nonrenewable resources
that charactenze the brown-tech scenario or che renewable
resources and infrastructure of the green-tech. International
and national communicadons networks break down.
Electricity grids become nonfuncrional as cost and avail-
ability of fuels and spare parts ceduce production, and
lack of paying businesses and customers reduces revenues,

International tensions remain, but the capacity of stronger




Figure 29. Horse-drawn bus In the town of Santi Spiritus, Cuba, 2007, The bus has
modern pneumatic tires and springs but simple wheal brakes. In the sarth-steward
scenario, urban areas will be small and gulet enough that horses will again play an
important role in the more limited transportation of people and goods. The ready
avallability of metals and modern material from salvage will oreate hybrids betwesn
traditional and industrial technologies,

countries to use military force is constrained by enreliable
energy and parts supplics and che strong evidence that war
uses more resources than it captures, Global warming is
slowed dramatically and reversed by the collapse of the global
consumer economy and absence of large-scale investment in
new energy infrastructure.

‘There is a radical reduction in mass meobility of both peaple
and goods. The food-supply chain is severely affected both on
tarms and through the distribution system. Energy-intensive
large-scale farms supplying central marketing chains are
the worst affected, leading to abandonment of even highly
productive land, Shortages lead to radoning, black markets,
and riots for food and energy.

Increases in crime, malnutrition, and disease lead o 2

rising death rate accelerated in some countries by epidem
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ics and pandemics that have 2 major impact on social and
cconouuc capacity. The collapse in the tax base available to
mational and state FOVETNITIETIES reduces their powwer, and even
city-level restructuring of infrastructure is difficult, but lacal
governmene retains some degree of effective services, decision
making, and possibly democracy.

Callapse of lirger businesses and the difficulties in main-
taining urban infrastructure leads to a hollowing out of the
cities. Loss of jobs and houses leads to migration of people

aut of cities to smaller towns, villages, and farms with more

Figure 20. Splitting and stacking firewood for winter, Pommerand villaga, Garmany,
2005. In the earth-stewrard scenario, firewood will regain its role as the most commaon
fuel for cooking, heating, and hot water in cold and temperate dimates. Reforestation
will be essential in regions without forests; most reforestation will be by natural
regeneration, typically of waedy axotlc species on excess agricubtural land that cannot
be managed with [Imited human, animal, and machine power.
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robust local economies able to take advantage of the influx
of labor. Impacts and demands on local soil, warter, and forest
resources increase to severe levels in many poor countries
as people move out of the cities to harvest fizel and wildlife
and restart food production. In long-afiuent countries, the
underuse of local biological resources in the late rwentieth
century provides some buffer against these impacts.

Large numbers of homcless ex-urbanites form a new
underclass lacking even the skills of poverty. They provide
basic labor in exchange for food and accommodation on

farms needing the labor. Surviving structures of power may
adapt to impose 3 more feudal structure based on concen-

Figure 31. Violunteers and local workers hoeing weeds between corn crop, Mariza
Bahia, Brazil, 2007. In the sarth-stevward scenario, working tegather in groups becomes
the nomm to deal with long and arducus tasks and te malntain social connections and
group security in dangerous conditions.
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Figure 32. Tumno town market in semfarid zoane of rural Bahla, Brazil, 2007. With
limited access to transport, weekly town markets make sanse bacause they bring all
the buyers and sellers together one day of the week. In the earth-steward scenario,
cominenta is concentrated in town markets because of transpartation afflclencias for

peophe and goods,

trated cantrol of productive farms and forests and built assets
in farge farming cstates.

Orrganic and small farmers, close to markets and able to
make use oflabor and animal power, thrive (to the extent secu-
rity allows] in 2 context of relatively benign and slow climate
change, An explosion of home businesses based on building
and equipment retrofit, maimtenance, and salvage stares to
build a diversified cconomy. Further afield, biofuels from ctop
waste allow farmers to continue to use machinery while wood
and charcoal gasibicaton based on regrowth-forest resources
near scitlements and towns provide an increasing proportion
of limited transportation fiel. This small-business growth in
turn provides a new tax base for some form of effective local
government, In some places new bioregional governments
institute land reform and debt cancellation following collapse
af financial insticutions and central banks, allowing people to
stay on their properties.

T —




Figure 33. Small goat dalry In central Chile, 2007, an example of agrlcultural enter
prise typical of the informal aconomy of Latin America that supplies local rural
consumers outside of regulated and centralized industrial production. In the earth-
steward scenario, businesses of this nature provide the most formal and taxable
sectar of very local and simple economies,

Suburban landscapes around smuller cities and regional
towns with greater social capital are transformed, with a
booming and relatively egalitarian society sustained by bio-
intensive/permaculture farming and retrofitting and reuse
supported by resources from both the immediate rural hinter
land and inner urban salvage.

This rurahzation of suburban landscape to produce food on
all available open space, private and public, provides most of the
fresh fruit and vegetables, dairy and small livestock products.
Local correncies, food, car, and fuel co-ops, and COmMmunity-
supported agriculture all grow rapidly. Informal and household
economies provide an increasing proportion of basic needs a3
corporate and government systems fail to deliver.

Around the larger cities, especially in countries where social
capital and community capacity is severely eroded, most of
these new developments are in gated communities provid-
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ing the basic needs and security of their residents with trade
outside the cominumty being more difficult or dangerous.
Outside the gated communities salvage, fuel harvesting, and
animal husbandry are the main economic acdvitics with trade
controlled by gangs and local warlords.

While the impacts on people and local environments of
this scenaric are severe, in previously atbuent countries at
least, there is also a cultural and spiritval revolution as people
are teleased from the rat race of addictive behaviors and begin
to experience che gift of resurgent community and the simple
abundance of nature to provide for basic needs.

‘The biggest difference from the green- and brown-tech
scenarios is that the rebuilding and stabilization is no longer
based on dreams of sustainabilicy or restoring the old systen.
Instead people accept that cach generation will have to face che
challenges of further ongoing simplification and localization
of society as the fossil-resource base continues to decline. This
simplification in the material domain is seen as the opportu-
nity for growth in the spiritual domain. There is a resurgence
in leadership by women and a celebration of the feminine
in nature and people, “Bottom-up rebuild” summarizes this
scettario by emphasizing the new growth from biological and
community foundations, In some ways this scenario might be
considersd #s the archetypal one of the energy-descent furure
and the one in which permaculture principles and strategies
are most powerfully applied.

While the impocts on people and local ervi-
ronments of this scenaric are severe, there
is aiso a cultural and spiritual revolution

as people are released from the rat race of
addictive behaviors.




a2 DESCEMT SCEMARIOS

Lifeboats: Civilizatlon Triage
Rapid energy-decline rates, severe climate-change
symploms
In this scenario, supplies of high-qual-
ity fossil fuels decline rapidly, the
economy fails, and human contribu-
tions to global warming collapse, but lag
cffects and positive feedbacks in the climate
syslem continue to drive an acceleratdon of
global warming, As of 2007, an increasing number
of sciennsts believe it may already be too late to avoid cata-
strophic climate change.* In the lifeboats scenario the adverse
symptoms of the brown-tech and earth-steward scenarios
combine to force a progressive collapse in mosc forms of
¢conomic and social organizadon. Local wars, including use
of nuclear weapons, accelerate collapse in some areas, but the
failure of national systems of power prevents global warfare.
Successive waves of famine and disease break down social and
ECONOMIC capacity on a larger scale than the Black Dreath in
medieval Europe, leading to a halving of global population in
a few decades.

New forms of vasis agricoleure chat are low-input versions
of the brown-tech intensive systems evolve thae stabilize food
production, as chaotic scasons make craditional field agricul-
ture and horticulture almaost impossible. Forest and range-
land huonting and harvesting become the predominant use
of resources over large regions supporting nomadic bands.
Warrior and gang cults provide meaning in 3 world of grief
and violence, leading to the development of new religions
and even languages that attempt to make sense of people’
lives,

Urban areas are largely abandoned and dangerous bur
remaint valuable as quarries for salvaging materials, especially



Figure 34. Kangaroo hunting, Australia, 2006. In the lifaboats scenario, dimate
changa makes agriculture impossible in many marginal areas, and poverty makas
livestock farming difficult (because of stock stealing). Hunting becomes the prime
method for harvesting animal pratain, furs, and other products. Low-tech methods
such as snaring and trapping are widaspread, but the efficiency of flrearms and their
additienal value as symbols of security glves status and importance to the skilled
hunter and gunsmith in a world of want and fear. Powder and other components for
ammunition bacome strategic materials.

metals. Suburban landscapes become ruralized into defensive
hamlers making use of salvaged materials, urban storm water,
and surplus building space for mixed-household economies.

The impacts are very pacchy with the worst effects in
high-density, previously afffuent, and urbanized countries.
In the most remote regions remnants of hunter-gatherer
and pionecr-farmer cultures are better able to weather the
changes. The relative abundance and ongoing availability of
high-quality metals and other materials make a eritical tech-
nological distinction from that of ancient traditional hunter-
gatherer cultures.

Mountain regions, especially with surviving glacier-fed
rivers, allow hydroelecteic systems to be maintained and rebuilt
on a smaller scale. Nutrient-rich glacier—fed rivers also sustain
intensive irrigated agriculoure. In some localides, especially




Figure 35. Deralict factorles, Philadelphia, 2005, In the lifeboats scenario, derelict urban
buildings provide salvaged material traded under difficult conditions {lack of Sacurity)
to peri-urban and rural econamies in exchange for food and other basic needs,

in favorable regions with accessible energy and agriculraral
Tesources, communities apalogous to the monasterics of the
early medieval pentod provide basic knowledge and skills to
their surrounding communities and are thus protected by the
locals from the ravages of local warlords and pirates, These
comnmunitics, mostly in rural and suburban areas, and based an
pre-collapse efforts of intentional communities or rich bene-
factors, pursue the task of saving and condensing knowledpe
and culeural values for the long dark ages ahead.

“Civilization triage ™ refers to the processes by which remain-
g social capacity (beyond meeting immediate basic needs)
is tocused on conserving technology and culture that could
be usetul to a [uture society, once energy descent is stabilized
after 3 precipitous but linited collapse process.' This is not
the dominant process of the scenario but the most significant
m terms of furure cultural capacicy. The Christian monaster—
tes that saved many of the elements of Greco-Rooman culture

P



Figure 36. Waorking truck in village, Venezuela, 2007 In the lifeboats scenario, bush-
mechanic skills will be valued for keeping important vehicles, machinery, and taals
working in the absenca of spare parts and reliable fuels and lubricants.

and later provided the foundations for the Renaissance of
Western civilization is one historical example that could serve
as a model for understanding how this process might work.
At its extreme, this sccnario describes many of the
elements of the collapse long-term future in which there is
a complete breakdown in the lineage of industrial civiliza-
tion such that future simple societies retain nothing from
what we created through industrial civilization. Drawing a
distinction between this scenario and total collapse may seem
pedantic, but the reasons are important. In the collapse long-
term scenario, any future civilization that could emerge only
learns from the lessons of ours via archasalogy and perhaps
long, attenuated mythic staries, Tn che lifeboats scenario, the
retention of cultueal knowledge of the past combined with
a moderately habitable cnvironment allow new civilizatons
to emerge that build on at least some of the knowledge and

lessons from ours.




Figure 27. Gaia Ecovillage community buitding, Navero, Argentina, 2007, with
thatched reof, cob construction, and passive solar dasign. In the lifeboats scenarlo,
existing ntantional communities in rural areas with shared facilities and ECONGMY
may be best placed to meintain collective decision making as well as information
retention and skills training In low-tech methods of construction, food production,
and health malntenance.
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Three fuctors may prevent the continuous free fall to o very

low global population of hunter-gatherers.

* The first 15 the wild card created by the mixing of the
world's biota, most notably the large numbers of trec
and other species that exhibit what foresters call “exotic
vigor.”" This allows new recombinant ecosystems
to stahilize many environments that climare scienists
are now saying will become uninhabitable in extreme

climate change The release of eritical minerals, most

Three factors may prevent the continuous
free fall to a very low global population of
hunter-gatherers surviving on the fringes of
the Arctic of a hotter planet.
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natably phosphaorus, over the last two hundred yvears
into the biosphere may allow these new ecosystens to
ultimately achieve biclogical productivity exceeding
that possible fiom preexisting systems,

= Secand, the llaoding of large arcas of coastal lowlands
complete with complex reef structures from flooded
cities and infrastructure may also create the conditions
for highly productive shallow waters and estuaries,
These rypes of ecosyitemn are some of the most biologi-

cally productive ccosystems on the planet,’

-

ity building, Mavera, Argenting, 2007, with

passive solar design. In the lifeboats scenaria,
yural areas with shared facilities and economy
lective decision making 23 well as information
tech methods of construction, food production,

wvent the cantinuows free fall to a very
of hunter-gatherers,

vild card creaced by the mixing of the
st notably the large numbers of tree

% that exhibit what foresters call "exotic
owes new recombinant ecosystems

+ environmenes chat clinnite scientists
aill beeome uninhabitable in extreme

The release of critical minerals, most

nrevent the continuous

v global population of
Figure 3B, Sheving horse wsed by traditional woodworker, Omary, New Zealand,
2007. In the [ifeboats scenarke, traditional low-tech tool making and other skills
=8 plL‘JF‘IE—'t- become valued for thelr utility and akillty to continue in the absence of industrial

rviving on the fringes of

production.
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Figure 39. summary of tha four climate-change and enargy-descent scanarios In
terms of key characteristics that can be used to make comparisons with tha previous
and currently waning characteristics of globalised industriat systems.

* Third, the precipitous drop in human pumbers and their

mitial tendency to remain relatively aggregated to make

use of the huge resources from industrial salvage materi-

als {and far security) should see very large regions able

to recover withaut harvesting and other impacts from

people.

If the knowledge of ecological processes and their creative

manipulation using minimal resources are retained and devel-

oped in the lifeboats communities, then survival and resur-

gence of a morce than minimalist culture may allow global

human population to be sustained at perhaps half, rather

than one-tenth, of current levels, More importantly, it may
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be possible ta embed the wisdom of the lessans learned so
that unconstrained human growth does not repeat such an
intense cycle. Clearly these last thouaghts are highly specula-
tive but build from the same lineage of permaculture thinking
developed over the last thirey years that informs the rest of the

SCCTIANLOS,

SCEMNARIOS SUMMARY

The table in fAgure 39 spmmiarizes the main elements and
chatacteristics of the four scenarios.



—5—

INTERPRETING THE SCENARIOS

GLOBAL ANMD LOCAL PERSPECTIVES

THE SCENARIOS AS described are biased toward looking
at the future for the billion or so relatively affluent persons
who primarily live in the long-industrialized nations mostly
of Evrope and North America but including Japan, Australia,
and New Zealand. For many people outside these countries
the promise of benefirs from global industrial culture are
Just thar, promises, The general history tells of local and self-
reliant economies and communities decaying or collapsing
as they are displaced by monetary economies and media and
consumer idevlogics. This is a process often associated with
migration from rutal to urban areas, The debate about the
balance of benefits and disadvantages from these changes has
been intense for thirty vears,'

Very few proponents or even critics of conventional
economic development are yet considering energy-descent
scenarins, ot the increased vulnerabilities to them that result
from this loss of self-reliance. Poor people crowded into
barrios around supercities completely dependent on meager
cash flows to maintain access to food and firel are less able to
provide for cthemselves when these systems fail. Five months
in Latin America has given me cause to think deeply about
these vulnerabilities that are already unfolding in many places
where, compared to wages, fuel prices are ten times more
than what they are in Australia.

On the other hand, one cannot experience life in many
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poorer countrics without also considering how recent the
changes have been. In many places people still know how to
grow food and in some cases can return to their hame villages
25 500n as economic conditions suggest this will be more
rewarding (even if it is only to labor on a relative’s farm) than
hustling in the city for a dollar. Even when chis is not possible,
the sense of how resourcefil and flexible people can be in
what we might think of as extreme conditions is a strength,

It is nat just the abiliry to cope with deprivaton but more
the psychosocial capacity to accept life as it happens without
the fixed expectation that leads to inevitable disappointment.
While teaching a course in Mexico I was sunmarizing the
energy-descent scenarios session with reference to the house
fire-insurance analogy; that it was not necessary to believe
your house would burn down to have fire insurance. The
mostly middle-class Mexicans laughed at my analogy because
most Mexican homeowners don't have fire insurance. It is this
easy-going acceptance of life that may be one of the charac-
teristics that enables Mexicans to weather the storms that are
surely coming.

On the other hand, in Australia and orher long-atAuent
countries, many generations of steadily growing afluence
and high expectations have created a psychological and social
brittleness thar suggests we may not weather the storms as
well as we should. As a teenager I came to the conclusion that
Australia was vulnerable to the actractions of fascism if and
when social and economic conditions becotme much tougher.
This early insight provided a foundation for the brown-tech
scenariao.

In some nations, economic collapse and sustained conflice
over the last few decades have simulated some aspects of
cnergy descent. Most of the evidence is not good, with break-
down of law and order, food insecurity, falling life expectancy,



92 INTERPRETIMG THE SCERMARIOS

and mass migration, Russia, Argentina, Cuba, Zimbabwe, and
North Korea are examples of relatively affluent and industri-
alized countries that have experienced sustained conditions
analogous to those possible from more general and global
energy descent. An increasing amount of research and analysis
within the peak-oil neework has focused on these countries
to gain greater understanding of the hazards and opportuni-
ties of cnergy-descent futures.” Most notable is the Cuban
experience that is remarkably positive and has provided a
great boost to permaculture and other activists trying to show
the opportumties from energy descent.

CuBA: BROWN TECH, GREEN
TECH. OR EARTH STEWARD?

During the crisis of the “Special Period” in Cuba in the
early 1990s the power of strong central government did not
weaken, ler alone fail. In some ways the government led by
Fidel Castro represents many of the elements of the brown-
tech world. On the other hand, Cuba is not a very large
country and can be considered as one bioregion with Havana
as its capital, 5o the scale of governance is more akin to thar
proposed for the green-tech scenario. Further, many of the
steategies for coping with the crisis from urban agriculture
to bicycle and public transportation are emblematic of the
green-tech scenario.” Health and education searistics for Cuba
also rule out the more severe conditions associated with earth
steward, let alone lifeboats. However, while in Cuba in 2007
I became aware of some aspects of the crisis that did give
nsight into likely conditions in the more extreme scenarias,

Dwring two trips in the countryside | observed extensive
growth of marabou (Dichrostachys cinerea, a spiny legumi-
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nous shrub) over large areas that appeared ta have been farm-
land. The rapid spread of marabou accurred during the crisis,
and today it covers about 20 percent of the firmland.* This
and similar species were previously commeon in the landscape
mosdy as a component of living fences and hedges. When the
crisis hit, supplies of grains to feed the industrialized dairy
mndustry collapsed, and many of the dairy cows died in the
dry scasoan,

My hypothesis is that prior to dying, the cows would have
eaten the dry pastures to bare ground and the living fences
ta sticks.” The seeds of the marabou consumed by the cows
pass through in manure, so in the succeeding wet season a
complete crop of thorn shrubs would have emerged and
darminated the recovering pastures, Despite the desperate
need for food, the absence of fuel o plough the land for
crops or t tesow pastures alloawed che shrubs o ke over the
land. This example illustrates how valuable resources such as
farmland can lie idle in the face of desperate need.

The process of recovering the land from the thicket foreses
15 4 slow one even with beter economic conditions, but it
also has produced benefits thar are slow to be recognized.
Increased carbon sequestration has been substantial and plant
diversity and wildlife is increasing as the shrubs mature, The
soil-rejuvenating characteristics of these spiny legume shrubs
iy be building an asset that will be more valuable to Cuba
as global energy descent begins to have an impact. Two low-
energy pathways to more productive and sustainable use of
the land are possible. One is to use goats to reclaim the jand as
pasture.” Alternatively, accelerated succession to mixed-food
farest by selective seeding and planting could create agrafor-
estry systems thar continue to increase woody biomass and
food production both from fruic and nuts.

L is significant that both of these changes would require
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further changes in Cuban eating habits. This is connected to
anather sobering impression, in the otherwise quite positive
picture, that Cubans remained reluctant to chanpe their tradi-
tional food habits even during the crisis and mostly have gone
back to those habits after the crisis. The fact that a diet with
less meat and dairy and a greater diversity of topical vege-
tables, fruits, and nuts could be more easily and sustainably
produced will require continued efforts on many fronts and/
or a longer cycle of deprivation to shift the deeply entrenched
European food-culture heritage in this rropical country.

Perhaps more relevant to countries with less government
controls over the economy, Argentina provides some interest-
ing examples of revitalization of local economies as central
currencies and economies broke down, although most of these
stopped once the monetary cconomy was reestablished.’

One of the uncertainties that emerges from reflecting on
these examples of economic contraction is how different
the situation will be when the dominant economic powers
experience these problems. The instabilities and weakening
of globalized economic system will reduce the capacity to
project power. Consequently we can expect conditions in
local bicregions and nations increasingly to reflect the local
resources, economy, and culture and be less driven by remote
and global forces, As always, this will precipitate new threats
bur also opportunities.

DEPRESSING AND POSITIVE SCENARIOS

Another reaction to the scenarios by some participants in
courses is that the brown-tech scenario seems a depressing but
realistic assessment of the situation in many atHuent countries,
while the green-tech scenario looks more utopian and unre-
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alistic, but one that could almost be “sold” a5 a desirable future
by Green parties of Western democracies.?

The argument that the distributed power provided by
resurgent rural economies will ameliorate the cencralized and
inequitable structures that lead to the brown-tech world may
be seen as a weak one, especially for people who are suspicious
of the concepr that energy and resources are what fiindamen-
tally drive economic, social, and polirical systems, Similarly
the relative posiove nature of earth steward compared with
liteboats is partly predicated on the distributed rather than
concentrated nature of resources and wealth {and of course
the gift of a relatively benign climate).

It is possible to see some good and bad potentials {depend-
ing in part on our philosophical bent) in all four scenarios.
Perhaps as an act of faith in human values and maturity, T
believe we can better shape our responses o each of the
scenarios if s individuals and as communities and nations we
recognize the constraining forces that are bevond our control.
We can then consider how basic human values and needs can
be sustained without wasting resources on prajects or objec-
tives thae may have little chance of altering the fundamental
dynamics of cur wotld.

OF course this reaction can be seen as negative, defeatst,
or even contributing to the realizaton of these uadesirable
scenarios. In the ad hoc Internct communicy of peak-oil activ-
st that has sprung up the last few years, the divide between
the “doomers” and the “optimists™ has been a notable one.
Since 2005 the worsening evidence on climate change has
led to more of the experts in that field maving toward a
“doomer” perspective on the climate front, Part of the process
of moving beyond this simplistic and mostly counterproduc-
tive debate is to see some of the positive potentals thar exist
in energy-descent scenarios.
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Permaculture activism has a long history of being informed
by a negative view of the state of the world. But these perspec-
tives drive an optimistic, oppartunity-based response that can
empower people to creative action and adaptation in the face
of adversity. The fact that permaculture activists privately and
even publicly look forward to some aspeos of these scenarios
may be seen by some as naive or even immoral, On the other
hand, an increasing number of people around the world find
permaculture an empowering focus for ethical and practical
action,

My recent experience from presenting the energy-descent
scenartos in Australis, New Zealand, Brazil, Cuba, Mexico,
and Argenting in permaculture courses as well as other gath-
erings of sustainability professionals is that they can be very
empowering, alchough [ recognize the risk that chey still pose
in triggering denidal or depression and paralysis.

DIFFERENT SCEMARIOS
INM DIFFERENT PLACES

Australia and New Zealand provide examples of two very
similar affluent countries in the South Pacific that may
already be on very different trajectories and that reflece the
dynamics of these scenarios. As the previous prime minister
John Howard proclaimed, Australia is one of the new encrgy
superpowers. This claim is supported by the fact thar Auseealia
1s the largest global exporter of coal, one of the largest export-
ers of gy with the seventh largest reserves, and has the larg-
est reserves of uranivm as well as many other minerals. On
the other hand, climate change modeling suggests Auvstralia is
perhaps the most vulnerble of OECD countries, a vulnerabil-
iry highlighted by the recent and continuing drought. These
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are the essential conditions for the emergence of brown tech.
The “debate” about puclear power nitiated by the previ-
ous Australian government and the rush ro build desalina-
tion plants and super-pipelines to address the water crisis age
emblematic of this trend. The change of federal government
to the Labour Party is likely to further concentrate power at
the federal level and could lead to a more rapid abandonment
of free-market capitalism, further entrenching the brown-
tech scenarin.?

New Zealand, on the other hand, has very litde in the way
of minable energy and resources, bur, relative to i popula-
tion, has extremely rich biophysical resources to suppOrt agri-
culture, forestry, and renewable energies. The local impacts of
climate change arc predicted to be much less severe, allow-
ing New Zealand to take advantage of these distributed rural
resources. New Zealand thus locks like a strong candidace
for green tech. Without going into a detailed artalysis of the
emerging trends in the Australian and New Ziealand econ-
omies and politics, it is sefficient 1o say Awstralia and New
Zealand have been diverging for some time. This suggests that
these underlying differences berween the energy and resource
bases of these two countries may have been contributing o
the emerging differences ar the political and even the social
levels,

STEPPED ENERGY-DESCENT PATHWAYS
LINKING THE SCENARIOS

As previously mentoned, cnergy descent may not be a
continuous gradual process. Instead it could be characterized
by an initial crisis that sets the conditions for a new order that
is stable for some time before another crisis leads to further
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descent. The growth of energy and resultant technologi-
cal complexity over the last two hundred years has invelved
varying rates of change, plateaus, and even regressions during
wats and depresstons, but energy descent is likely to be much
more variable than energy ascent. This is consistent with our
commonsense understanding that growth is a more consistent
process than decline,

Matural ecosystems tend to maintain homeostasis under
stress through the allocation of stored resounrces, If the condi-
tions continue to deteriorate, then further stress can fractore
the homeostasis, If the stress involves a reduction in energy
availability, the system may collapse. But total collapse and
system disintegration is rare, at least in the short term. More
rypically a restabilizadon occurs at a lower level of cnergy
processing and organizational complexdity. The new homeo-
stasis will typically be stable for some time before declining
energy availability precipitates another crisis. This may also
be a model for how human societes respond to the crisis of
resource and energy decline. It also makes sense that natu-
ral disasters, or a crisis such as war, rarely continue for very
long bue they shape the new state that emerges in their after-
math. If crisis does persist at an intense level for years then
psychosocial systems reorganize around the crisis as the new
normality,

The graph in figure 40 shows these two pathways from
Hubberts peak of oil {and net energy production). The
discontinuitics are periods of extreme crists, conflice, and/or
breakdown. Each scenario represents a homeaostasis that tends
to be self-maintaining until further stress precipitates a further
unraveling,

The red pathway in the graph is more extreme, and after
continued growth leads to a precipitous drop through natu-
ral disasters, economic depression, and/or war. Brown tech
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Hubbert's
Peak

Brown Tech

Net Energy per Capita

Earth Steward

Discontinuity Scenaria Discontinuity Stenario

Figure 40. Stepped energy-descent pathways,

emerges as the new world order allowing recovery and modest
growth before further natural disasters or climate change and
resource depletion precipitate another discontinuity leading
to 3 lifchoats world. The green pathway is less extreme. with
a lower peak and a gentler decline through the first disconti-
nuity to the green-tech scenario, while the descent to earth
steward is even more continuons, driven by ungoing deple-
tion and decay of infrastructure from the Hubbert’s peak and
green-tech worlds,

The chart also shows the relative levels of net energy avail-
ability per capita. This is much more speculative than the
general concepr of che stepwise descent or the relationships
among the scenarios, because it depends on many variables.
I've shown the brown-tech and lifeboats seenarios s process-
Ing more net energy per capita than the green-tech and earth-
steward scenarios, respectively. A range of factors contributes
to this speculative math, and hides some harsh realities.
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Depending on how net energy is understood and evaluated, a
higher total energy base in brown tech may maintain greater
organizanional and technological complexity, but green tech
may be more energetically efficient at providing real human
SErvices,

A harsher discontinuiry leading to brown tech may produce
a higher death rate in the more urbanized populations, while
more severe controls on births may further reduce popu-
lations, The numbers of people the energy base neceds to
support strongly affects the per capita level so 2 higher per
capita figure may reflect lower birthrates and/or higher death
rates mther than a more energy-rich society. Alternarively the
lower death rate during the gentler discontinuity leading to
green tech combined with a higher birthrate to tap the more
distributed rural resources of the green-tech world may resule
in overall higher populations. Although net encrgy per capita
is lower, life may on average be better than in the brown-tech
SCENATIo.

Similarly, in the second discontinuity crisis the death rate
increases but more so in the red pathway to lifeboats. The
lack of community capacity in the midst of massive material-
salvage opportunities combines with the lower population
to deliver relatively high net energy per capita even though
life is very harsh. The more abundant distributed rencwable
resources of the earth-steward scenario leads to a higher
birthrate (to tap those resources). Combined with the lower
death ratc, the higher overall population gives a very low net
cnergy per capita. Efficient communitarian economics and
4 spiritual rather than material culture may make for higher
levels of well-being despite limited resources per person.
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NESTED SCENARIOS

Yet another way to consider these scenarios is to see them
as all emerging simultaneously, one nested within the other.
Figure 41 shows the scenarios nested with their associaced
organizational and energetic scale from the distributed and
human scale of households to the centralized power and
scale of government and corparations. This suggeses that the
four organizational levels represented by the scenarios from
the houschald to the national level will all be transformed
a5 global systems weaken and contract, bur none will fail
completely. In a sense chis is implicit in ecach scenario in any
case and resolves the difficulty in imagining the earth-steward
and lifeboats scenarios with a complete absence of ciry— and
national-level power structures even if their finctions and
influence are very weak or attenuated by being away fram
the centers of power.

-

Locad Cominu ity Haousel: ahi

EARTH STEWARDS LIFEBOATS

Figure 41. Energy-descent scenarios nested by scale of most relevent lavel of
organizatian,
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In explaining this concept of nested scenarios in the
aforementioned course in Mexico, | suggested that in the
earth-steward and lifeboats scenarios there could sall be a
government in Mexico City issuing edicts, but that no one,
outside the much reduced city, would hear or take any notice.
Like the reaction to my insurance example, my Mexican
students laughed and suggested that no one took any notice
of the government in Mexico City now. This humorous
response actually reflects an ongoing process of fragmentation
in Mexico where autonomous movements in some regions
and drug lords in others already rival the central and state
governments in the provision of security, extraction of taxes,
and provision of services,

The other reason for considering that aspects of all scenar-
ios will simultaneously emerge in all regions is the structural
commitment of each level of governance to systems that can
work at their respective levels. It is natural for national govern-
ments and large corporations to implement the systems that
characterize the brown-tech scenario because these systems
are commensurate with the organizational scale in which they
work. Similarly, it is natural for city and bioregional (state)
governments to implement the somewhat more distributed,
diverse, and smaller-scale systems of the green-tech scenario.
Middle-sized businesses using regional resources and serv-
ing regional markets will naturally work to reinforce this
SCEnario.

Following this logic we can see that smaller forms of orga-
nization (small business and local government) could manage

It is natural for national governments and

large corporations to implement the systems

that characterize the brown-tech scenario.




INTERPRETING THE SCENARIOS a3

Any planning for lifeboats is mostly o private
activity of people who lack total faith in the

stability of our economy and society.

many of the strategies applicable o the earth-steward scenario
while the household or closed community is the natucal level
of organization to contemplate the lifeboats scenario, This
nested hierarchy of scenarios explains why any planning for
lifeboats is mostly a private activity of people who lack total
faith in the stability of our economy and sociery, Sirmilarly,
many community activists work toward stategies that level
the playing field and develop communitarian eultures and
would be potent in an earth-steward world, just as earnest
middle-level managers and planners work toward the green-
tech world as the best progressive evolution from what we
have. Many of the elite “movers and shakers,” often from long-
established wealthy families in affluent countries and who
move between the upper levels of corporations, EOVErfuments,
and global governance organizations, belicve the brown-tech
world is the hard reality that must be worked with (although
this can hardly be acknowledged publicly}."

I think the nested concept is once of the most insightful
and empowering ways to think about these scenarios because
it helps us understand the apparent contradictions between
different perspectives and motivations of different groups
in society and even contradiction within our own thoughts
and behaviors. For example, it is common for peaple to have
private thoughts about the lifeboats or perhaps earth-steward
furures, while most of people’s public behavior as workers and
consumers reinforces brown tech or perhaps green tech. The
private thoughts are often internally critiqued as antdsocial
or at least naive, while the public actions are often internally
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critiqued as driven by powerful outside forces. This nested
model can help us better integrate these different aspects of
ourselves,

RELEVANCE OF MAINSTREAM IDEAS OF
SUSTAINABILITY TO ENERGY DESCENT

Mainstream approaches to sustainability tend to assume stabil-
ity if not expansion in the energy flows available to human-
ity even if there are major transitions in the nature of the
energy sources. Consequently, contimuity of many of the
structures underpinning current social and economic systems
15 assumed.

For example, modern affluent urban life in a society domi-
nated by service economies may be transformed by revolutions
in efficiency but will remain the norm for future sustainable
society. Further, it is widely assumed that food production and
management of biological resources to provide for human
needs will remain a minor part of future economies, and that
geopolitical stability will allow globalized trade and other
global governance regimes to become increasingly effective
as instruments to establish sustainable systems.

These are not so different from the “business as usual”
assumptions about constant growth, but they require not
only Herculean efforss to build a new energy infrastructure
before energy becomes too expensive and unreliable but also
massive reductions in our greenhouse gas emissions today, if
not yesterday.

There is also the small problem of reforming the monetary
system away from dependence on perpetual growth without
inducing financial collapse. I say “small problem” ironically,
of course, because growth in economic activity is essential
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ta support the debe-based currency that is the very founda-
tion of our money and banking system stretching back to the
beginnings of capitalism and its cconomic precursors.

For these reasons T feel the techno-stability long-term fiture
has even fewer prospects than the default future of techno-
explosion, Maybe this also helps explain the deep resistance and
antagonism in the centers of political and economic power ta
questioning of the logic of growth, Whether it comes fiom an
ecological or sociological perspective, guesticning econamic
growth threatens the very basis of our economie system, The
lip service to environmental sustainability {so long as it can

maintain essential growth) reflects this understanding.

The economic hard-liners could be right:
There is no way to stop the train of global

industrial capitalism {other than by croshing).

Consequently, maore idealistic notions af steady-state green
cconormics are automatically rejected as “throwing the baby
out with che bathwater," While T have been as critical of the
concept of continuous economic growth as most environ-
mentalists and scientists, | also recognize that attCmprs to
avoid the ecological precipice by reducing economic growth
could bring down the whole syster, just as Gorbachev's
glasnost contributed to the unraveling of the Sovier system.
The economic hard-liners could be right: There is no Wy o
stop the train of global industrial capitalisin (other than by
crashing).

Despite these doubts about the logic behind many imain-
streamn approaches to sustainability, they have contributed
greatly in spreading new environmental thinking and Ly
of the practical strategies that appear to be moving in the
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right direction. For example, the Natural Step concept aims
to protect biophysical systems by creating closed-loop indus-
trial manufacturing through cononual improvements in
performance.” It has been very influential in Scandinavia and
has been adopted by some of the more progressive mann-
facturing corporations. Rapidly rising costs of energy and
commodities will reinforce many of the MNatural Step strate-
gies, but it will also increase the costs of adopting some of the
more elaborate environmental technologies that have been
used to ensure there is no contamination of natural or human
€OVITONInents,

Matural Step might work to some degree in the green-tech
world but would seem futile in the brown-tech, technically
and organizationally impractical in the earth-steward, and
meaningless in the lifeboats. The vast majority of concepts
and strategies to reduce greenhouse gas emissions could be
similarly analyzed as having uncertain relevance at best to
cnergy-descent scenarios.

The table in figure 42 quantifies my view that mainstream
approaches to sustainability have quite low relevance to

FAIMSTREAN CONCERTS

Figure 42, Relevance of mainstream concepts sustainability 1o enargy-
descent scenarlos; scoring both current strategies and underlying principles
against each scenarlo.
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energy-descent scenarios. Low scores do not mean that these
ideas will completely disappear bt thar they will tend to
shift from their current status as the innovative and influential
cutting edge of the economy to reflecting a past er—rather
than their objective of becoming the norm within a sustain-
ahle society. The tabie also shows that, in general, fandamental
principles will have more udlity than specific strategies and
technologies that are currently being applied as good exam-
ples of these concepts.

RELEVARNCE OF
ENVIRONMENTAL PRINCIPLES

Renewable Energy Sources

A good example of likely greater relevance of environmen-
tal principles when compared with specific strategies and
technologies can be seen in relation to future ENETEY SOUrCes.
In fossil-fueled global industrial systems, coergy supply has
been generally concentrated in a few big powerful sources. &
common principle in sustainability thinking is that a greater
diversity of smaller and more distributed power sources will
replace current fossil fuel, large hydro, and nuclear sources.
The current rollout of wind power and to a lesser extent
solar electric as furure technologies illustrates this general
principle, and both are widely recognized as central to the
techno-stahility future. But energy descent may see growth
in these particular energy sources slow or fail while older
distributed sources such as wood and small-scale hydro could
grow rapidly. In a rapidly changing world appropriate design
principles provide more guidance than specific srategies and
technologies,
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Biadiversity in Natural-Resource Management
In the field of natural-resource management the general prin-
ciple of valuing biodiversity is likely to persist to some degree,
at least in the green-tech world, but the examples of vegeta-
tion management exclusively focused on local indigenous
specics, which are common today, will seem very dated as
reflecting a world of rising wealth and constant climate.
Arguably, the principle of valuing biodiversity may even
grow in strength as the current economic drivers favoring
monoculture in agriculture and forestry weaken and are aver-
taken by viral forms of palyculture better able ro use soil and
water resources without inputs, and better able to serve mixed
local markets, This process will allow the principle of valu-
ing biodiversity to spread from the relative “cultural ghetto™
of conservation management in afluent countries to a more
powerful expression of the permaculture version of the prin-
aple of “use and value diversicy” This very change may be
experienced by those wedded to the current dominant views
within the field of conservation biclogy as heresy to be resisted.
This is just one example of how energy-descent scenarios will
challenge some cherished beliefs within the cnvironmental
mavement, while making athers natoral and obvious. Encrmy
descent demands that we consider more radical approaches to
achieving envirommental and social objectves.

META-SCEMARIOS OF PERMACULTURE

Permaculture as an environmental design concept with a long
and evolving lineage of action around the world provides one
such framework for developing new and reinforcing exist-
ing strategies that should be adaptive in energy-descent
SCENATIOS,
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In Permaridtire: Principles and Pathiways Beyond Sustainability
I explain the importance of design principles as che basis for
gemerating new strategies and techniques in 2 world of change
and uncertainty The table in figure 43 shows how permacul-
ture {especially when it is understood through its design prin-
ciples) more so than currently applied strategies has a closer fit
with energy-descent scenarios than many other sustainabilicy
concepts that have achieved mare mainstream acceptance in
affuent countries, While the numerical scores for permacul-
ture compared with those for mainstream sustainabiliny can
be taken wich 3 grain of salt, the broad thrust is clear.

This table may reflect a claim of permaculiure’s ceneral
relevance ta energy descent, but it also suggests an equal chal-
lenge to permaculture educators, activists, and designers to
use design principles more effectively to identify stratepies,
techniques, and working models that are runed to emerging
rather than past conditions.'?

Each scerario presents quite different opportunities and
challenges, including ethical dilemmas for permuaculure and
related environmental and social activists, The analysis of the

PERMACULTLRE COMNCEPTS

Typical Strat

Figure 4%, Ralevance of permaculture to energy-descent scenarlos; scor-
Ing both typical permaculture stratagies and design principles against aach
Scanaria.
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Each scenario presents quite different oppor-
tunities and challenges, including ethical

dilemmas for permaculture and related envi-

ronmental and social activists,

relevance of permaculture to the energy-descent scenarios
makes it possible to imagine meta-scenarios of how permacul-
ture and related activism might influence society in ways differ-
ent from those of today. Clearly these meta-scenarios are even
more speculative than the energy-descent scenarios, but they
do provide a stimulus, especially for young people to imagine
themselves in the energy-descent future.

['imagine that permaculture (by principle and model, if not
in name) will become the dominant paradigm in the earth-
steward scenario. Those with a long track record of achieve-
ment will become the natural leaders within new emergent
power structures, primarily at the local level, that will be more
effective than higher levels of governance and organization.
The ethical and design challenges will be those associated
with leadership and power. Because “power” at this (and all
levels) will be very weak, it will be more characterized by
nspiration and wise council than the capacity to make bind-
ing decisions. Transparent and collaborative leadership that
draws from the whole community and accepts slow evolu-
tionary change and avoids the imposition of ideology is likely
to be most effective in conserving resources and continuing
to build a nature-based culture.

Permaculture is also highly relevant to survival in the life-
boats scenario. The focus on provision of basic needs first and
maintenance of seed and other genetic resources and skills to
salvage and “make do” will all be essential. Those with consid-
erable knowledge, skills, and ability to provide for others, as
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well as who have good communication and organization skills
in difficult conditions, are likely to become natural leaders of
lifeboats households and communities. The ethical and design
challenges are not 5o much those of broader and collzborative
leadership, but more likely will be those represented by having
to decide whom to let into the lifeboats wathout threatening
the survival of those already onboard. The ability to integrate
and defend the group without sentimentality while provid-
ing for the commmunity and maintaining knowledge critical to
long-term cultural survival is the task of those able to think
beyond everyday survival.

In the green-tech scenario “sustainability” becomes the
dominant paradigm of more localized city and bioregional
governance structures. Permaculture and related concepts
have high status and receive resources from government and
businesses to help further develop local food production and
community economies that can buffer against further energy
and ecological crises. For the permaculture activist this is a more
familiar condition where there is ongoing, even rapid, growth
in influence, but where the dominant paradigm s stll focused
in the economic and rechnological domains rather than the
ecological domain as the source of wealth and meaning.

The primary ethical dilernma is that of comfortable
co-aption by the new sustainability elites, in the context of
their heroic successes in avoiding the warst impacts of energy
descent. Should permaculture activists quietly accepe the
status and resources that Aow from these sustainabilicy elites
and focus on the slow change of sociery through practical
works, or should they cridgue the new clite for not accepting
that enerpy descent will precipitate further crises unless we
localize and simplify our economies further? The ability to
lead by example and provide clear and persuasive articulation
of values and goals bevond the prevailing mainstream leads
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The challenges for permaculture activists
are somewhat analogous to those working in
some poorer countries today: trying to assist

the disadvantaged with simple technologies
and solutions while avoiding threats from
repressive central power.

w0 progressively more influence as the ongoing realities of
encrgy descent unfold.

In the brown-tech scenario, permaculture remains marginal
to the mainstream, although it provides hope and some solu-
tions for the increasing numbers of disenfranchised and alien-
ated who reject, or are rejected by, the systems controlled by
powerful central governments. The challenges for permacul-
ture activists are somewhat analogous to those working in
s0Me papter countries today: trying 1o assist the disadvan-
taged with simple rechnologies and solutions while avoiding
threats from repressive central power.

Tbo much structure, organization, and prominence could
sce such activism ruthlessly crushed as a threat to the system.
Anarchistic and invisible modes of activism are likely to be
more effective. Of course there are also those attempting o
use ethical and design principles to reform the system from
within (with all the attendant contradictions). Quict and
persistent collaborarion between these two levels of activism
could see a graceful descent to carth stewardship, while failure
could lead to the lifeboats as the last option for the salvage of
civilization.
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CONCLUSION

THIS EXPLORATION OF encrgy-descent scenarios has
been an organic one that began with a didactic incention to
highlight how large-scale energetic and environmental factors
shape history more than ideclogies and the heroic actions of
individuals. But my purpose was to empower those commit-
ted to ecological values and social justice to be effective in
their quest to create the world we want, rather than just resist
the world we don't want. Finally it has become about tell-
ing a story that can help bring that world to life, an appar-
ent contradiction to the premise | began with. Although the
primary lesson about the large-scale forces that control the
course of history may be true for the long periods of stability,
during periods of ecological and culwral chaos small groups
of people have been instrumental in those transitions.

In nature, disturbance events (such as fire, lood, ar droughe)
or eruptive disturbances from within an ecosystem, such
as insect plagues or fungal discase, are often understood as
examples of system dysfunceion. Alternatively, chey can be
understood as either initiating another succession cycle that
brings renewed life or a novel force that deflects the ecosys-
tem in different directions determined by the chance arrival
of new species or other factors. The ecosystems that emerge
from these periods of disturbance can be quite different from
those that preceded them, and these changes can be charac-
terized from a systems ecology perspective as either degrada-
tion of biophysical resources and productivity, and/or ones
involving new cvoludanary pathways. The lesson from nature
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is that evolution of life works in strange ways that cannot be
fully predicted.

The historian William Irwin Thompson’s interpretation
of creation of the world’s “first university” by Pythagoras
suggests similar processes at work when civilization finds
itself in a cultural dead end or design cul de sac.! Pythagoras
had been an initiate of the Egyptian mystery schools that
were part of a decaying theocracy in the sixth century B.C.
Pythagoras and his followers secularized some of the hidden
and arcane knowledge, but his school in Calabria was burnt
to the ground in some local political dispute. Pythagoras died
a broken man, but his followers fled to Greece where they
found fertile social conditions for their ideas and values. This
was the beginning of the flowering of classical Grecian culture
that we recognize as the origins of Western civilization. In a
similar story Thompson describes how the penniless monks
of Lindisfarne converted the British Isles to Christianity in
the sixth century A.D.They had no power, but their spiritual
message, shaped to reflect Celuic traditions, was transformative
in a country in the aftermath of the collapse of the Roman
Empire and where no one any longer knew the function of
Stonehenge. For a couple of generations a form of free, anar-
chic Christianity provided spiritual meaning, but the Vikings
burnt the monastery to the ground.

Like Pythagoras and the monks of Lindisfarne we live in a
world of collapsing culture where we have to choose what is
worthwhile at this great turning point in history. We are faced
with the mixed pieces of myriad broken traditional cultures
of the world and the novel and shining bits of unraveling
industrial modernity. All of this will end in the dustbin of
history. Our task is to choose which pieces of these Jigsaw
puzzles will be useful in creating an energy-descent culture,
the boundaries, features, and colors of which we can scarcely
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imagine, What is worth saving? What are the limits of qur
capacity? We have little time to decide and act. We rmust
commit to concrete actons and projects. We mast stake our
claim, not for ourselves but for the future. In committing to
our task we should remember the stories of Pythagoras and
the monks of Lindisfarne. It is not the project but the living
process that will be the measure of our actions.

Let us act as if we are part of nature’s striving for the next
evolutionary way to respond creatively to the recurring cycles
of energy ascent and descent that characterize human history
and the more ancient history of Gaia, the living planct.
Imagine that our descendants and our ancestors are watch-

ng s
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Chapter 1

1.

]

Dianicl Yergin's e Prize: The Spic Cueesr for O6f, Mauey, and Poroer
(Mew York: Simon & Schuster, 1991) is often quoted a5 the
“definitive history™ of oil and its tole in shaping the cwentieth
cenourye [F certainly corrects ignomnce on che importanee of
enengy. With the perspective of almost cwo decades hindsighe,
howewer, it is easier ta see che author's biss in portraying the
power plays of te West as protecting national interest while those
of compering powers and ideologies us being marked by evil,
greed, and stupidicy See the review by Derrick Jensen woaw
-Aanmazon.coi review B 2YYOLDOSEDCA fre[=em_er_pr
_wimwpneE R YO DSEBIC L

Yerpin's focus an the rechnology wnd politics of oil, by
reinforcing the orthodoxy of the 19305 and 19905 that resoorce
limies were nor a concery, alsa luid the fumdacions foe the
currently widespread and dangetous view that corrent supply
restrictions are due tn “above-gronnd facros” ather than
geolagical limics of peak oil.

Far a recent and up-to-dare overview of oil history from
a leftist pecspective see Michacl P Tyran, Difisiey s Raiubows:
The Palitics of Encegy, Cliveate and Clabaiization (N ew York:
Algers Publishing, 2006, For a very humuorous but informarive
incroduction to the histary of ail {including tie Tragi iovasion
and peak oil], see Foobert Newman, A Share Hisiorp of Oif
{downloadahle from Google Video).

. This faith derives from Euwropean Enlightenment chinking,

o Do 1950 5ir Earnest Tireroon, thie clief advisor rooshe Auscealian

govermnent en ouchear power ar the o, assereed that by 1930
nuclear power would be too cheap to bother metering the wse.

- For cxample, cheap energy allowed encrgy-dense plastic,

alumimnm, seecl, and concrete 1o eplace woad in the building
industry, thus depressing the demand and price for wood and the
vahue of forests, Simdlacly, fossil-fisel-based Bbrics ceduced the
demand for cotron and wool, depressing their price with Gow-on
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effects to all agriculiural commeditges, The Green Revolution
increased graim production by increased use of energy-dense
fertilirers and pesticides. This in turn increased food surphuses and
deprossed prices.

Chapter 2

1. Since 2001 many of the posidons of established players in the
global economy, including corpomtions, governmenss, and
multlateral institutions, have constantly shifted. This could be
incerpreted as open and flexible response ro new evidence, or
more cynically, as defensive repositioning to protect established
interests for as long as possible from public awarcness of the
problems. This pracess in relation to climate change is now
widely understood.

[ronically the evidence for the approximate iming of peak oil
was around for decades before the evidence for climate change, so
the potential for misleading the public {and the ineelligentsia) by
those with the best information about global oil production and
TESETVES 15 ZTEATEE,

2. Some, such as Joseph Tainter, The Collapse of Complex Societies
{Cambridge: Cambridze Universicy Press, 1988), and Jared
Dhiamond, Collapse: How Saciesies Choese fo Bail or Suceeed [New
York:Viking, 2005} use the rerm collapse to describe any ongoing
reduction in complexity of the organizadon of civilizatons,
While their wark is of great impottance, [ want to draw a
distincrion berween what | mean by ollapse as the sudden failure
and loss of mast of the organizational complexdty (such that
succeeding generations retain litde use or even memory of such
systens) and descent as a progressive if erratic process where the
loss of complexicy is gradual and succeeding generations have
sume awareness of, and knowledge from, that peak of complexing

3. From advice to governments that nuclear power would he
oo cheap to bather metering it use to children'’s magarines
promising holidays to Mars, the hubris about the rechno-
explosion in the boom era of the 19505 and 19605 was
exCeptional.
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. By sodal capacity, | mean the informal processes of mumal support

and conflict resoludon that alow conumunities to provide
educaton, welfare, insurance, and other finctions, with or
without support from the formal structures of government. The
level of volunteerism is one widely recopnized measare of social
capacicy, but even this measure only captures the more formal end
of social capacity, which mostly wocks as a by-product of very
ordinary interzctions between citzens.

. The concept of emergy aoaunting as developed by Howard T,

Ordum provides a systernatic and quandcative synthesis of how
these forms of wealth combine, with maore basic energy and
resources, to drive human systemns.,

. See William P, Catton, Overshoot: The Eeological Basis of

Revolugionary Change (Uthana, [L: University of Winois Press, 1980),

. Clearly by pinning the relevance of permaculture to an energy-

descent future, [ may contribute to the current perception of its

marginal relevance to 2 world of eneqgy growth, But on balance
| believe this transparency about our own assumptions and biascs
is & srenpth cather than a weakness. In this way we acknowledge
ourselves as activists rather than simply observers,

. See article by John Michael Greer at the Energy Bulletin Web

site, www. energyhullenn. net/ 201 57 itml

. See “Downshifting in Australia” (pdf) {The Australia Institute,

2003}, supgesting that "down-shifters” moving to a lawer-
CansuTIng, more satisfying lifestyle, make up as much as 23
percent of the Australian population.

The transition towns process in Britain, initdated by permacultuee
actvist F.ob Hopkins, is an excellent example of this positve
CoOmMMUmItY response to the realiies coming from peak oif and
climate change, Sec Hopking' The Transition Hardhaak: Fram O
Deperedency to Local Resilience {Totnes, Devon, England: Green
Books, 2008), an invaluable resource For this positive change

Pracess.

For example, Avstralian sociologist Ted Trainers The Simpler i
Working for Transition frem a Canseener Society to @ Simpler Mope
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Coopenntive, fust and Ecologically Sustatnable Socery, and Swedish
syseems ecologist Folke Gunther,

12. This apparent familiarity with permaculture can be misleading,
For an in-depth understanding see David Holmgren, Permaculoe;
Priveiples and Patfnvays beyoned Sustaiabiliy {Hepburn, Vicroria,
Anstralia; Holmgren Diesign Services, 20020, For an overview
see “The Essence of Permacultare™ st www. holmgren. com.an
[“Writings" page].

13 The 2007 Living Plaret Report recendy celeased by the Woeld
Wildlife Fund claims that the only eruly sustainable counery in
the world is Cubs—sustainable development being defined as 2
commitment to “improving the quality of human life while living
within the carrying capacity of supporring ecosystems.” The two
key parameters employed by the WWF far mieasuring suscninahle
development were the United Nations Develapment Program’s
(UNDP) Human Development Index {HDI a5 the indicator of
human well-being-—calculared from life expecrancy, literacy, and
education, and per capiea GDP; and the Ecalogical Footprint,
calculated at 1.8 global hectares per person, to measure the
demand on the bicsphere,

Cuba wag the OMNLY countey on earth to achisve both criteria
for sustainable development.

In terms of ecological footpring, Avseralia rates as the sigth
highest nation on earth. I everyone lived like the Average
Australian we'd need almost four planets to suppart the earth’s
current populition,

14, This thems ahout permaculture as 2 change process is one that
runs tight through my Pesmaciitnre: Prindples and Pathuoays beyond
Sustatrmability,

Chapter 3

1. See the review of recent evidence by Carbon Equity,“The Big
Melt: Lessons [rom the Arctic Summer of 2007, www
«carbonequityinfo/ PDFs/ Arceic,pdf
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- See Richard Heinberp’s “Big Mek Meets Big Empty,” 2007,

biep:// globalpublicmedia.com/richard_heinbergs_muselecter
_big_melr_meets_big_empty

- See Colin Campbell and Jean Tabervere, “The End of Cheap

CAE" Saeneific American (March 1998). Reproduced at www
Alteof org page 140, him

. In Jaee 2007 the TEA chief econoemist Fatih Birgl gave a

presentation that marked 2 major Utk point in che official
pasition of the IEA on fiture energy supplies. The presentation
acknowledged peaking of oil production outsde core OPEC
countries and the kelibood thar global demand will grow faster
than supply. See chis arricle at The Ol Drunt htep:// europe
theoildrum.com/nodes 33 36# muare

. See ChrisVernon, “Coal: The Fooundup™ hep:/feurape

Jhegildriem com/node /27267 which looks at five smodics
released in 2007 suggresting thae there is less coal than previowshy
thought, and the Energy Warch Group 2007 repotc {pdf).

. By the Incerpacional Enecgy Apency.

See the Energy Watch Group’s il Report, 2007, wrars: energy
watchgroup. de/Erdoe] - eport. 32 3 5d637b1 23840, heml

+ Australia is ane of the fow long-afiluent countrizs chat mighe

conrioue 1o prosper” hased oo nonrenewable resource extracton,
These langer-term prospects do not detract from the potential

of a short-term crisis, owing o Australia losing 20 to 30 percent
of is oil imports by 2012 from collapsing production and rapidly
TIRINE consumprion in its main sources of supply in Southeast
Asia. See Acldric, " Australia and the Expore Land Maodel” FThe
Oil Drom, 2008, biep:/ fanzaheoildrum, comd node/ 36578 maore

. See Ugo Bardi,"Universal Mining Machines”" The il Theam,

2008, biepe/ fearopethenildrum com/mode/ 3451

Encrgy retucn on energy invested) is 1 measuee of the degree to
which any energy source {those with a EROFED above one) can
sustain the rest of saciety outside the energy-hurvesting sector
nd 5o lead to the creation of real wealth,
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NOTES

See the Emergy Systems Web site for a current explanation of
these methods. www.emergysystems.org/

Sec original article “World Energy to 2050" at Paul Chefurka’s
Web site, www.paulchefurka.ca/ WEAP2/WEAP2. homl (Also
published at The Oil Dirum, Canada, November 2007.)

See Howard T. Odum, Enviranmental Accounting: Emergy and
Environmental Decision Making (New York: Wiley, 1996).

See Jon Friese, The Ol Drum Web site, warw.theoildrum.com/
node/367 3 more

. See "Peak Phosphorus,” Energy Bulletin, waw,energybulledn

et 33164 heml
www.richardheinberg. com/books

See for example C. Hamilton, Groweh Fetish (Sydney, Australia:
Allen & Unwin, 2003).

Dianiel Quinn gives the analogy of the loss of 200 species a day
being equivalent to people who live in a tall brick building

and every day knock 200 bricks out of the lower floor walls

to continuously build new stories on the top. See What A Way
To Go: Life at the End of Empire DVD 2007, 2 hard hitting

but inspiring overview of climate change, peak oil, population
overshoot and species extinction, their cultural origins, and what
sane responses remain open to us at this late stage.

Chapter 4

1.

The well-credentialed Hirsch Report to the US. government
made these assessments assuming a collective societal effort
similar to that mobilized in World War [1. www.netl.doe.gov/
publications/others/pdf/ Oil_Peaking NETL.pdf

- For example, see Lester Brown’s work at www.earth-policy.org

. See Hopkins' The Transition Handbook for more on the rationale

and methods for stimulating this change.

. The key finding is that energy inequities between countries will

increase,
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. It may be unrealistic to expect any open acknowledgment by

povernments and institutions of the severity of the challenges
posed by these scenarios wichout o major crisis that breaks the
parudigm of continuous sconomic growth.

. The failure of global rade negodacians at Cancun, Mexico, in

2003 to lock in plobal made apreements can now be seen as the
lase desperate effort to maimtain the fruis of globalization for che
corporatons before the onset of resource natonalism,

- For example, Russia has being wsing the tghe supply of gas and

ol to enforee world prices on eastern Fumpean coentries and in
the process giving warning to western Eumpean countries abouot
their vulnerabilicics and dependence, Turning off the gas for even
short pericds has acted as a powerful enforcer, Similar actions

by Aegentioa in cutting Aows through new pipelines vo Chils

m tesponse to shortages at home may force Clule wo negotdate
supplies from s ald enemy Bolinaa.

. Also modeling by Stewart Staniford {Fermenting The Food

Supply on The Qil Drum website wanw theaildrom.com/
node/2431) suggests thar steeply rising oil prices can accelerate
demand for binfuels to consume unlimited proportions of world
grain preduction within 7 years leading co global famine on a
massive scale. Without regulation by povernment, free and global
markees will see motorists in vich countries owtbid the plobal
paor for food.

. The very large but unused decenbon fcilities boile for the TS,

govermunent by the Halliburton Corporation in several seatess of
the United Staces raises questions about their Bkely vse. waew
-prisonplanet. com/artcles/ febmuary2006,/010206d ccentioncamps
it

Superrabionalism in this context recognizes the encrgebic/
ecological basis of human systemns without any recognition of
higher values or consciousness typified by spieitual and ethacal
frameworks that constrain the exercise of power,

In Auvstralia, where a single large cicv dominates in cach stace,
state govermment may be thought of as 2 bioregional gavernment
contralling o city and s economic hinterland.
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For example, increases in medical intervention, legal litgation,
and even crime and accidents all contribute 1o GDE

An increasing number of peak-oil experts are suggesting the
current peak of crude production in May 2005 may mark the
beginning of a plateau that will end about 2010 in an accelerating
decline.

. For a review of the latest evidence of acceleration in climare

change well beyond any previously eredible predictions see
“The Big Melt: Lessons from the Arcric Summer of 2007,
www.carbonequininfo/ PDFs/ Arctc. pdf

Triage i5 a process for managing the medical care of the injured
during war or natural disasters where not all victims can be

saved with the available resources. Those that have a chance of
survival are the focus of most attention while the others are given
palliative care to ease their pain.

. These are plants that grow better in foreign environments than

in their original environment; usually called invasive species by
conservationises. See “Weeds or Wild Nature™ at HDS websiee,
www holmgren.com.au/huml "Writings/weeds, himl

Following the massive earthquake in 1960 arcund Valdivia in
southern Chile huge new wetlands were created following
subsidence of the land. These wetlands had very high biological
productivity based on an exotic aquatic plant that supported
huge new populations of swans, The wetlands were recognized as
being of global conservation significance under the RAMSAR
convention. More recently, pollution from a local cellulose plant
has led to a collapse in the population of swans,

Chapter 5

1.

I

Helena Morbert-Hodge and Vandana Shiva are perhaps the
mast articulate critics of how these globalization processes have
adversely affected traditional communities in Ladakh and India,
respectively.

Richard Heinberg, in Powerdown: Cptions and Actions for a Post-
Carlan World (Gabriola Island, BC: New Society Publishers,
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2004, provides an overview of some of the lessons fom Cuba,
Zimbabwe, and North Korea, Dinitry Orlov has used his
expetience and study of the collapse of the Soviet Union as a
model to understand the likely effecs of peak oil on the United
States. See "Closing the Collzpse Gap: The USSR, Whas Detrer
Prepared for Collapse Than the 17,5.," Energy Bulletin, wwmw
energybulledin. nets 2325% biml

The Poveer af Cosuniry: Howe Ciba Survived Prak OH],
a film by the Community Solution, has popularized the positive
aspecrs of the Cuban case study. See the Web sice
www powernfoomunnpity orgd o index. php

. For detailed documentation of the development of urban

agriculeure in Cuba see M. C. Cruz and B 5. Medina, dpriculne
i the Clirps A Key to Sustainobiliey in Flapma, Cuba (Kingstan,
Jamaica: Tan Randle Publishers, 2003},

. Personal communicacion, Boberto Perez, Cuban permacilourise

featured in the docomentary filon The Poowr of Commusity.

. 1 was not able ta confirm this while in Cuaba.

. & shift ta greater use of goars and less use of cattle would make

Cuban agricaleure mare productve and sustiinable.

. Permaculiuce course-participane discussion at Gaia Ecovillage and

peranal communication, Pan Morgan, rescarch in progress,

- The prajection of enerpgy descent as an opportunity for econontic

and community reneveal ac the local level 35 illuserated by the
rapidly growing Transidon Towns movement in Britain, initiated
by permaculiure teacler Wob Flopkins. See Transition Culture
Wb site, hop:/Sransisioncoliure orgd and the previously
mentioned book by Haopking, The Thusion Hadbeol.

. Clearly this is only likely if there also remains enough of 3 global

crononty o buy Australia’s maneral and fossil-fuel wealth fand e
generte the greenhouse gas emisions that are fandamenial o

the brown-tech scenario).

Drocmnents and statements of some American neoconservatives
are almost epen in acknowledging this futare,



126 HOTES

11. See Wikipedia for summary and links, http://en.wikipedia.org/
wiki/The_Matural_Step

12, Rising energy costs will see fewer resources available for
conservation prajects that are not also productive of food, fodder,
and/or fuel. Changing climate will involve migration of plant and
animal species on a scale that will overwhelm efforts to maintain
and reinstate locally indigenous ecologies.

13. See "DoWe MNeed Principles,” in David Holmgren, Colleed
Writings vol. 2 (eBook), www holmgren com.au/htmi/
Publications/ Collected Writings. heml

Chapter &

1. See hop:/fen.wi kipedia.org/ wiki/William_Irwin_Thompsan



the politics and practice of sustainabbe lwving

CHELSEA GREEN PUBLISHING

Chelsea Green Poblshing sees books 1= took for effecting cultural change and secks
Lo Empower cilizens b participate in reclaiming our global commons and become its
impassioned soewards. 16 vow enjoved Future Seenaros, please consider dhese other grear

bocks related ta a sustainable fature for humanicy and che hving word we share,

THE TRANSITION |
' HANDBOOK |

From oil dependency to local resilience
e — T T

The Transition Hendbook
From Ot Dapendancy te Local Aesiliancs
ROB HOPKING
Foreword by RICHARD HEINBERG
[SBN 9781900322188
Paperback = £24.85

Mozt of us aveid thinking about what heppens when oil runs out fer becomes
prohibitively expensivel), but The Tramsitton Handbook shows how the
inavitable and profound changes ahead can hava a positive outcome. Thesa
changes cen lead to the rebirth of locel communities that will grow more of
their own food, ganerate their own power, and build their own houses using
local materials. If your town is net yet @ ransition town, this upbeat guide
offers you the tools for starting the process,

{CHELSEA
(GREEN

TUBLISHING

For more information or to request a catalog,
visit wwww.chelseagrean.com or
call toll-frae {800) 639-4099,

T (s NG praccq of REwirac kg



the politics and prackice of sustainable living

CHELSEA GREEN PUBLISHING

Thirking in Systemas

Cuanls H Mesda=t

CLIMATE! 1"

SOLUTIONS -1

R
=

Climate Solutions Thinking in Systems
A Citizen’s Guide A Primer
PETER BARNES DOMNELLA MEADDWS
Foreword by BILL MCKIBBEN Edited by DIANA WRIGHT
|SBN 9781603580052 ISBN 9781603580557
Paperback » $3.95 Paperback = £19.95

When
Technalogy
Fajls

The Citizen-Powered Energy Handbook When Technology Fails
Community Solutions to & Glabal Crigis A Manual for Self-Reliance,
GREG PAHL Sustainability, and Suniwing the
Foreward by RICHARD HEINBERG Long Emergency
ISBN 9781933392127 Revised and Expanded
Paperback « $21.85 MATTHEW STEIN
ISBN 978193392455
Paperback = $35.00

CHELSEA
(GREEN

PUBLISHING

For more information or to request a catalog,
visit www.chelseagreen.com or
call toll-free (800) 639-4039.

o polcs: and pracics of susinehin g






