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The |\/|yth of Sustainable Deve|0pment: This was my first day on a real job and they were talking about
retirement! But | did as | was told, and the guy behind the counter

Personal Reflections on Energy, asked whether | wanted CREF or TIAA or, as he recommended,
i i i i half and half. | had no idea what these were so | asked him to tell
its Relation to Neoclassical ECOI’]OI’T’IICS, me what they meant. He said “One gives you a higher rate of
and Stanley Jevons return but it is not guaranteed, the other gives you a lower rate of
return but it is guaranteed.” | asked him “when will | retire?” and

he said(based on the more or less mandatory age of 65 in effect
Charles A. S. Hall then “about 2008.” | remember thinking about M. King Hub-

e-mail: chall@esf.edu bert’s global oil use curve that | had studied intensively as a

Departments of Environmental and Forest Biology and graduate student and thinking “Geez, that will be just after we go

Envi tal Sci Coll f Envi tal over the global oil peak.” So | said “Put it all in the guaranteed
nvironmental science, Lollege or Environmenta one.” At this moment | am glad that | did. | know it will be there

Science and Forestry, State University of New York, \hen | retire. So even in 1970 | knew what was coming in the oil

Syracuse, New York 13210 industry, although not exactly when, and | understood that the
economic and other impacts were likely to be enormous for our
society.

But even though | knew that eventually there would come a

As a card-carrying ecologist | would like to commend Lyn Artime when oil production would peak and fall, | was blindsided by
scott’s recent discussidfiSustainable development in the oil andthe so called “energy crisis” of the 1970s. | was teaching energy
gas industry” ASME J. Energy Resour. Technb26 (1) pp. 1-4  courses to undergraduates by then and was actually quite surprised
that appeared in this journal. Certainly given the past notoriotisat as early as 1973 there was such a large impact of what even-
history of the oil and gas industry in these areas and the legacytaélly was blamed on a bulldozer piercing a pipeline. Of course |
destructior(e.g. Wall Street Journal October 22—25, 1984, Page Bnew that Hubbert had predicted in 1955 that US oil production
on the industry’s legacy in Southern Louisiaitais reassuring to would peak by the year 1970, and that in fact it had done so, even
see environmental and social concerns given as much weightaf@r his predictions had been disparaged by all kinds of oil men.
profitability. But there is also something strange about this articlBut global oil, which | figured we would be using ad libidum for
an elephant in the living room, that is something that is ovemany additional years, was another thing.
whelmingly large but that no one will talk about. How can an
industry, one whose principal products are critical to contempo-
rary civilization but which by most accounts is facing imminent or
at least incipient decline, be talking about sustainability? o

| base that latter statement on my own experience with enerfyojections of Gloom and Doom

and the oil industry that spans over 35 years and many publica-5oon the scientific and even popular media was full of issues of
tions, and on what seems to me to be the consistency of t8gergy and societal unsustainability. Gasoline and heating oil
situation. | thlnk the best way to makg my point is to do so fromrices kept going up and up. In 1972 the first “Club of Rome”
the perspective of my own personal intellectual history as | ha¥gimits to growth” report [1] had come out predicting large
tried to sift through and interpret the information and propagandgrowth and then larger crashes for the world economy, followed
My PhD is in ecology and environmental sciences, and | did myibsequently by the human population. | found myself and most
dissertation on the energetics of fish migration. My interests, fgf my friends and neighbors in upstate New York buying wood
eled by the ideas and interests of my remarkable doctoral advig@ves, and it hardly seemed that | could go to a social event
Howard Odum, has always been energy in all its forms and ighere a dominant topic of conversation was not heating with
r_elatlon to how natural and human-dominated ecosystems fuRgood. Although “sustainability,” energy or otherwise, was not in
tion. ) ) the popular lexicon we all thought about it. In addition at that time

I showed up in September 1970 at my new job at Brookhavenndertook a series of analyses with colleagues that seemed to
National Laboratory ready to go to work. But the first day wagement, at least in my mind, the critical importance of energy to
unexpected for the naive, idealistic young hippie that was njgst about everything that we did in our econofeyg. Cleveland
because it was filled with a bewildering array of bureaucratic agt al.[2], Hall et al.[3,4]), and also the increasing energy inten-
fairs that | realized only later was the ergr® a really wonderful sity of procuring our own fuelée.g. Hall and Clevelang], Davis
suite of benefits that comes with a real government job. So | g&]). | even had my “Andy Warhol 5 minutes of fame” when the
my first free medical examination, opened a new bank accountrabults of that paper were reported on the first page of the Wall
the laboratory bank, learned how to make myself safe from thgreet Journal. However the popular and business media essen-
various sources of radiation that were scattered about the labafatly has been silent on the oil depletion issue since then.
tory, received an eye exam, free safety glasses, and two pairs ofjost economists completely ignored our oil analyses and they
steel toed safety shoes! Finally they said go to such and suchdi@ not like the Club of Rome report at all, saying for example
office and arrange for your retirement account! | was astonisheg@lat “Our objection was not to the idea of simulation but to the
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twin assumptions that underlay every computer run inlimés the role model, encouragement and apparent economic success of
model. The bad things in the mdde .. pollution, population the United States which claimed, and appeared to many to be, the
growth and so on—are all assumed to be growing exponentialy;ccessful embodiment of the neoclassical model anketinter-

On the other hand, the things that could be relieving the stressgsntion of the International Monetary Fund, the World Bank, US-
the good things, ---technological innovation of the right sort, argin ang other powerful economic actors who were extremely

not assumed to be growing exponentiall . Once you makéhat :
(The authors of the Limits to growttassumption the collapse of strong advocates of NCioften for their own ends and who

the world system . .. is a mathematical factRoss and Passell 9&ined strong bargaining power for intervention in e.g. Latin
[6]). These ‘authors go on to argue that although indeed pollutiéfinerican economies because of the increasing foreign debts of
and resource depletion were real, important and difficult issueBany nations. In effect the options given for many countries were
that leaving out the possibility of technical improvements, foeither to go into default, with extremely serious repercussion on
example the possible development of fusion power, was conimeir economies and trade, or accept the neoliberal policies that
pletely wrong. Nordhaus writes in the same vein in the samgere often thrust upon them. This was most generally put forth in
Detent independent analysts to conclude that the.undefying SsLackage called by the IMand others'structural adjustment,

: : ; lich included reducing government spending, decreasing trade
sumptions are founded in pure fantasy'. and that the authors Erriers and enhancing export crops for the supposed benefit of

“did not refer to empirical studies that have been done in differe 9 :
fields.” In general these and other authors believed that markBg¢ country upon which it was thrust. The arrogance and hubris of

forces and technological advance would lead over time to sofiie powerful banks of the developed world requiring small pow-
tions of the problems considered in the Limits to growth. Givegrless countries to stop subsidizing their own agriculture and open
that the world did not crash and burn, and that global oil supplig¢iseir domestic markets to the rest of the world in the name of
again flowed freely, the “Limits” study has been dismissed byfree market efficiency,” while the large industrial nations such as
almost all economists and even most scientists. the U.S. and France continued to subsidize their own agriculture
Yet how many readers who are aware of the Club of Romgsayily rarely has been remarked upon by those who advocate the
study are also aware that as of 2004, and assuming that the megda market.
el's “resources” is oil plus gas and “pollution”is carbon dioxide, The rationale used almost universally to advocate NCE is “ef-
all five predictions of this model are almost exactly on target? ffsjency,” the concept that unrestricted market forces would seek
also works for most other global resources and pollutantg,yest prices at each juncture and the net effect would be the
Whether the club of Rome model is a reasonable representation®fest possible prices and also that all productive forces would be
reality or not(I would prefer some more specificjtone must nstimally deployed. It is rather amazing to see this argument trot-
admit that 30 years later it has a proven track record! Of courggy oyt again and again with so little understanding and with the
the bumpy road predicted ahead is a different issue—we shall sggfinition of efficiency constantly transmogrified into whatever
. . suits the writer’s preconceptions or politics. Anyone who believes
The Victory of the Neoliberal Model that free marketspleads topany realpefficiency );\eeds to read Bro-
Before long oil prices came back down and public concenmley’s [7] remarkably insightful 1990 article on the subject, in
about energy scarcity, and scarcity in general, evaporated. Perhapih he found the definitions used for efficiency were so fluid
the most fundamental factor in the public’s perception, and that ahd poorly defined as to be useless. Our own werl. Tharakan
many of our political leaders, that energy and other resourcgs, Ko et al.[9], others in pregshas found that when efficiency is
issues have been largely resolved, and are hence no longem@fasured by commonly accepted scientific and engineering for-
interest, has been the ascendancy, indeed intellectual dominamgglas(e.g. physical output over physical input, with output some-
of neoclassical economio®CE). This collection of economic times measured with a monetary proxjat for most countries
ideas is also known, more or less according to its variants, as fi@eamined efficiency is declining in agriculture and static for
market economics, moneterism or neoliberalism. The basic ideagg®nomies in generdll0]. Likewise the solution of most NCE-
applied to, for example oil, is that with increased prices therguided development schemes for, essentially more growth to solve
would be more incentives to develop new resources, and, througlhproblems, has rarely worked in the p&Basterly[11]; Stiglitz
innovations, derive substitutes or more efficient ways to use tf&2]). If cheap oil, upon which all countries of the world are
resources that we are using. Clearly this must have worked, ts$coming ever more dependant, ceases being cheap, the possibil-
gasoline prices again dropped, oil use declined as electric utilitigg of successful development in the future seems even |gevgr
shifted to coal, and energy left the public consciousness. We evaall [13]).
had the luxury of substituting cleaner natural gas for coal for
electricity production, making acid rain and greenhouse gas pro- .
duction less, although at the rarely mentioned expense of our faustainable Development
ture ability to use this premium fuel and feedstock where there areAnother supposed solution to the earlier predictions of resource
no substitutes as there are for electricity production. scarcity has been the evolution of the term “sustainable develop-
Increasingly free marketism and, more generally, neoclassiecaént.” Whether this term is an oxymoron or not | leave up to the
economics has become the dominant economic guideline for discretion of the reader but it is clear that the concept allows the
aspects of the developed and the developing world, and increassion of two formerly contradicting concepts, as it is clear to
ingly the former functions of governments are being deliberatebimost anyone who bothers to look that most development is
and sometimes disastrously turned over to market forces. In magsed upon either non renewable resources, such as oil, or on
cases its economic premises are presented both as unquestiomabling formerly sustainable ecosystems, such as natural forests,
truths and as national political goals, and, for example, Presidentssustainable in the long run by converting it to e.g. most agri-
Clinton and Bushboth George the first and George the segarid culture, which is either self degrading through erosion or saliniza-
the United States have spent considerable time unabashedly d&h or requires subsidies from non renewable energy to maintain
ing their perceptions of the virtues of neoclassical economics pooduction. Virtually all developing economies that have grown in
the rest of the world. the past 50 years have done so with a very nearly one for one
There are a number of reasons for this ascendancy besidesitiveease in the use of energg.g. Cleveland et a[2], Ko et al.
enthusiasm and sometimes self interest of its adherentthel [9], Tharakan et al.8]).
unresolved economic problems associated with other, An important thing | learned early on about sustainability is that
government-centered, approaches to economics, including, or akhough the term sustainable development is often used in a pro-
acerbated by, the enormous increase in debt in the third world,Botional sensée.g. for Costa Ricethe term has almost no utility
the “fall” of communism, the only perceived real alternative tosince it normally is not carefully defined. In particular we found,
free market capitalism that was available to most of the world, 8 agreement with Goodland and Ddly/4], that “sustainable de-
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velopment” in the existing literature mealat least three differ- years, there are none in the works for subsequent years. Since it
ent things to three different groups of userg:sastainability of takes at least 6 years physically to prepare an oil field for produc-
social structuresi.e. maintenance of certain communities or lifetion one can conclude that the downturn will begin about 2007 or
style of groups of people,)beconomic sustainability, that is a 2008. An even more sobering report was in The New York Times
continuation of income flow, Jeecological or resource sustainabil-Business section February'22004. Nearly all analysts put their
ity, which can mean many things from maintenance of biodivefaith in Saudi Arabia as a large “swing producer” that will be able
sity to ensuring the continuation of the resource base for futute ramp up production more or less as needed to meet any world
economic activity or even growth. Very often gaining sustainabikhortage. But this analysis indicates that the Ghawar field, over-
ity by one of these definitions has to be at the expense of sustawhelmingly the most important field in Saudi Arabia and indeed
ability by one of the other definitions, so there is no wonder thethae world, has been declining at about 8 percent a year. This study
is confusion. also considers past attempts to increase short term production of
other smaller Saudi fields, which had resulted in catastrophic loss
. . of the ability of the field to generate oil over the long run because
Are \We Becoming More or Less Sustainable Today? the oil bearing strata compressed when the oil was withdrawn too
For those who think about energy today with any degree @pidly. Our own research Hallock et #17] has found that pro-
depth, and they are not many, the majority appear to believe thagssively the domestic oil use of oil-exporting countries is catch-
free markets, general neoclassical economic principles and pieg up with oil production, which in turn inevitably will peak and
haps somethingexactly what is rarely heaydrom sustainable then decline if it has not already. The net result is that the number
development have resolved whatever physical limitations to sug oil exporting countries will go from some 38 today to 20 in a
ply exist. | wish to examine that question from the perspective @fecade or two to seven at most by the middle of the century,
two very different societies: the United States and Costa Rica. almost all concentrated in the middle East or adjacent areas. While
My first point is that the market has done little or nothing t®ne can also find more optimistic reports none of it sounds like
help the long-range outlook for oil and gas in the United Statesystainability to me.
Despite unprecedented economic incentives as the price of oiland it may not be just oil. My email has been full of various
increased dramatically from the 1970s through the early 1980snofficial energy news suppliers” that said that due to harsh
the production of oil for the Unites States declined year by yegfinters and declining domestic production there was likely to be a
from 1970 through the present, almost exactly as Hubbert hagvere natural gas shortage this year or at least soon. This was
predicted, so that today we are producing each year only ab@gllowed by reports from our University physical plant to please
half of the oil that we did in 1970. Most people are unaware Ghake large efforts to save electricitwhich in our case comes
that fact. | talked to a group of about 50 citizens in Binghamtofisom natural gasbecause the price of gas had doubled in the last
New York recently and | asked how many knew that U.S. oijear. Natural gas production in the United States peaked in about
production declined each year and had been doing so for thigg73, then declined until 1983, but increased again to a second
decades. Not one person new either fact! | asked the same qyfsak in 2001 which may or may not be declining again despite
tions to about 100 environmental scientists at a recent meetingldfige economic incentives. It is not clear to me that market econo-
Syracuse and found a far better response—about 20 percent kigié's are going to save us from the physical limitations of declin-

these facts. _ing energy resources, and given that about two thirds of our en-
We have been buffered from the consequences of that oil P&gy comes from oil and gas, if both were to decline

duction decline because global oil production has continued égmultaneously the impact could be severe.
increase so that the United States has been able to increase oil

imports greatly. A downside is that this has been done at t@nergy Cost of Substitutability

expense of international debt, so that the United States changeg | . all ied about denl
from the world’s largest creditor country to the world's largest " 9eneral economists are not especially worried about deple-

debtor country. A number of analyses indicate that we may so n, even should it happen, because they belie\{e that if and as
be approaching a peak for that oil tée.g. Campbell, Leherrere scarcity of one resource occurs other resources will be brought on

[15]). Hubbert had predicted that global oil production Woulaine to compensate for the scarcity. Thus, they would argue, if and

peak between 1990 and 2000 depending upon the ultimate amoitm{-OPPEr becomes scarcer abundant aluminum and new fiber op-

of oil that would be found, which he estimated as between 1.3§S Will be developed to take its place. In fact the average grade
' of copper ore in the United States has declined from about 4

and 2.1 trillion barrels. Scrutiny of the oil production figure in o .
Campbell and Leherrergl5], w);ﬂch assumgs a total q%antitypercent copper by weight in 1900 to about 0.4 percent today. This
similar to the latter value, indicates that the large reduction S causeq the energy cost of producmg copper to increase Qesplte

gocreases in technology. We still use about the same quantity of
Qpper in the United States as decades ago, but in fact we now use
ia addition much moréenergy-intensivealuminum to carry elec-
JAricity and much more fiber optics and satellit@$ unknown but

obably much less energy intengitp carry information.

substitution may have saved us—at least so far—from having
deal with the beginning of “going over Hubbert's global peak.
But we may not be far from that, and two important questions a ; 2y T . .
whether even large increases in the price of oil, and hence e O_Thef:e IS atproblef;r;:_ "r‘]"th élr_ldmg substitutes f_o; 0|I_an|o! gas
nomic incentives, can change the eventual downward trend a ugh—most are or high and Increasing energy in en@ne 1S

how the ‘end of cheap oil’ will effect the sustainability of the@! exception (Hall et al.[3]). There was great enthusiasm and

f th : h h hiv 1 vernment support for determining the energy-intensity _of just

ﬁ;}:ggzﬂipoenéa?‘tLrJ1rz;|ttit(e)?1$States and the other roughly 180 ‘g out everything in the 1970s and early 1980s but very little of
At least two reports in .early 2004 confirm that there may paither since then. Nevertheless, based on these old studies, it does

considerable reason to believe that “Hubbert's peak may be sofppear that essentially all possible large-scale substitutes for oil

upon us.” The first, by SkrebowskL6], examines the present andad 9as are themselves considerably and increasingly more energy
y f p_tenswe(agaln with the exception of coal, which of course has

projected output of the largest oil fields that supply some 80 pé ! ;
cent of the world's oil. Most of the largest oil fields are 40 to 6@ther Problems, and maybe windmijliCleveland et al.2] Figure

years old, and the output is declining for about one third of the"

global production at about 4 percent per year. In order for global . .

production to be maintained new fields need to be coming on &§Onomic Incentives and EROI

fast as the old ones decline. The authors find that while there aréVhile it is clear that increased oil prices will generate increased
enough large oil fields about to come on line in the next threacentives to drill more looking for oil, and that increased tech-
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nology also may have a lot to say about how much oil we find isible future supply problems? For an answer to this | turn to a
the short term, it is not clear that either will bail us out of whatvonderful book published by Stanley Jevons, paradoxically one
may be an impending crisis. The price of oil increased dramatf the creators of the “marginal revolution” that led to neoclassi-
cally in the late 1970s, and drilling activity increased greatly igal economics, for which we shall have to excuse him at least for
the 1980s, but the actual quantity of oil found in the United Statélse moment.
was considerably less in the latter decade compared to the formeBtanley Jevon was asked by the British Government in about
(Hall and Cleveland4]). It is possible that increased drilling ac-1860 to assess the “situation with regard to coal” for the British
tivities may simply find about the same quantity of oil but lestsles. His results are published in “The coal questiqdévons
efficiently, something also noted in earlier decadPavis [5]). [19]). In that book he first asked about the relation of coal to
Likewise the marvelous new lateral drilling techniques and 3-Bconomic activity in England and, after a rather exhaustive analy-
imaging may mostly find oil that we would have anyway, but dsis concluded that “all economic activity led back to coal.” Next
so earlier. Oil technology has always been advancing, but the asked how long the reserves of England would last. He took all
question is, is it advancing more rapidly now than in the past. known coalfields in England and determined their extent. With the
general there is a race between technological advance and deptea in acres and the depth in feet, some heroic calculations were
tion. In the long run nature appears to hold the cards, for we founelquired to generate total volumes. He then divided this large
in the U.S. some hundred or more barrels of oil per foot drilled inumber by current use and concluded that all of England’s coal
the 1930's compared to less than ten n@ag. Hall et al[3]). would be exhausted in 200 years, or less if the rate of use in-
We recently reviewed the status of oil reserves and their prereased.
dictions of usegHall et al.[18]). Nearly all assessments that have Jevons initially concluded that it would be necessary to increase
been done in recent decades, including by the U.S. Geologitla¢ efficiency of coal powered engines in order that England did
Survey(USGS, concluded that there were roughly 2 trillion bar-not run out of “this most important resource.” Before he made his
rels of “Ultimately recoverable oil.” This can be compared to thdinal report, however, he undertook a thorough review of the ear-
roughly one ftrillion barrels that we have already extracted adigr literature on coal, and found a number of authors who had
used. However one recent and apparently highly competent analgncluded just the same thing: coal was limited and that it was
sis by the USGS gave a best estimate of approximately 3 trilliamitical for England to improve the efficiency of coal-powered
barrels, and a five percent probability of as much as 4 trillioangines. Jevon’s found that indeed, spurred on by this perspective,
barrels. About half of their increased estimate compared to theirseries of new, more efficient steam engines had been developed
own earlier values is due to the assumption that the more sophigth a or the principal purpose of being more efficient, the most
ticated technology derived in the United States could be appligdportant of which was James Watt's. Jevons then examined
worldwide and with similar good results. Squaring these new eahether these more efficient engines had reduced the use of coal
timates with the 2 trillion barrels of virtually all other assessmen@nd found quite the opposite: the more efficient engines were
is an extremely important issue. In any event oil productien cheaper to operate and hence people found more uses for them.
capita, which may be the important value, peaked in about 197Bhis is the paradox, engines designed to be more efficient to save
and is only about 80 percent of that now. coal in fact ended up using more coal, more than negating the
Clearly whatever oil that we find in the future will be comingefficiency improvements. The same has happened to greater or
increasingly from offshore, deep water and other difficult enviroesser degrees with more recent efficiency improvements, includ-
ments. Everyone in the industry knows that these are monetaiiiyg automobile fuel efficiency, refrigerators, light bulbs and so on.
very expensive to exploit. What is less discussed is that they ake cars became more efficient people drove them more miles, as
also very expensive in terms of energy. Overall the production offrigerators have become more efficient people purchased larger
oil in the United States has fallen from an energy return on energypes and so on. While certainly efficiency can bring us greater
invested(EROI) of roughly 100 to one in the 1930s to roughly 17social utility per unit energy used they do not by themselves save
to one today(or half or two thirds that if we exclude the gasenergy!
extracted and much less than that for finding new oil. I am un-
aware of any such calculations for oil resources globally, but the . . S .
need to be made, and made comprehensively. A further problen‘fésess'ng Sustainability in Costa Rica
that we do not know what the minimum value would be for EROI In order to see the consequences of these actual and projected
to run a modern society for we would need to include the energpanges on an actual economy | turn to my own recent analysis of
required to make the machines that use the oil, feed and housettresmall Central American country of Costa Rica. About a decade
workers, deal with degradation of essential environmental servicego | decided to take a good hard look at the possibilities for
and so on. A guess is five to one. This eliminates many neggveloping some kind of real sustainability. | chose the country of
technologies, including alcohol from cofgasahol and photovol- Costa Rica for this as within conservation circles the country had
taics in many situations. a strong reputation for sustainability, their President had an-
In concluding this section on economics, it is my belief that imounced that they would make their country a “laboratory for
the short run one can believe in the ability of markets to solve ogstainability,” and the sophisticated state of Costa Rican science
energy and sustainability problems, but in the long run Mothé#neant that there was a great data base. In addition Costa Rica, a
Nature holds the cards. Most technology carries an energy cdbriving democracy with health and literacy standards greater
and we have barely begun to analyze what they may be. Mdh@n, for example, the United States, was generally regarded as a
fundamentally | believe that we need to generate a new “bigich agricultural country as well as possessing many other natural
physical economics” that is based on the energy and materfg@sources, including especially very high biodiversity. Thus | felt
realities that readers of this journal deal with every @4gll et al. that if any place could be sustainable it would be Costa Rica.
[10]). This needs to be compared with the neoclassical econo-What we found, rather to my surprise, was that Costa Rica was
mists’ speculative and even hopeful assumptions about new teghty far removed from sustainable. The principal reasons are
nologies when most of our older technologi@gyricultural for given in Hall et al.[13], as summarized in chapter 26. They can
example, offshore platformshave been based on cheap petrdbe summarized as simply that Costa Rica has far more people now
leum. than can even be fed sustainably, let alone supported more gener-
ally, from the limited resources of the country. This has resulted in
the necessary import of foddbout one third of neeglsenormous
Jevon's Paradox quantities of agrochemicals to increase yields on the limited good
But, you might ask, what about an increase in the efficiendgnd, fuel for everyday life and the tourist industry, and so on.
with which we do use fuel. Cannot this compensate for any poshis in turn requires that up to half of their foreign exchange
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earnings are required to pay for the industrial inputs, withoutf2] Cleveland, C. J., Costanza, R., Hall, C. A. S., and Kaufmann, R., 1984, “En-
which much of the population would starve. In addition about 80 /9 a”dggg)e E‘g‘;ted States Economy: A Biophysical Perspective,” Science,
percent of their original forests have be_en_cut down. Since Costgg) Haﬁ F:pA S., Cleveland, C. J., Kaufmann and R. K., 19B6ergy and Re-
Rica cannot afford all of these industrial inputs much has been ~ source Quality: The Ecology of the Economic Proceew York: Wiley-
paid for with debt, which is another dimension of sustainability.  Interscience.

Costa Rica is a wonderful place, and the birds may or may not pé4l Hall, C. A.'S., and Cleveland, C. J., 1981, “Petroleum Drilling and Production

. . in the United States: Yield per Effort and Net Energy Analysis,” Sciei2d4,
sustainable, but the economy and its people are not. bp. 576-579.

In CondUSiO_n: my own assessment, and that of my colleaguess) pavis, w., 1958, “Future Productive Capacity and Probable Reserves of
suggests that if we look at the increasing dependence of these two U.S.,” Oil & Gas J.,56, pp. 105-119.
nations, the United States and Costa Rica, on non-renewable ré8] Ross, L., and Passell, P. pp. 93-99 In Wiliam Oltméed) On Growth.

H H : : . Putnam, N. Y. See also Ross, Leonard, P. Passell and Marc Roberts. Review of
sources, and the likelihood of possibly severe supply disruptions “Limits to Growth,” New York Times Book Review, April 2, 1972,

in the futur(_e, the possibility of anythﬂ'ng refsemb“ng SUSI?"nab”'ty [7] Bromely, D., 1990, “The Ideology of Efficiency: Searching for a Theory of

of present infrastructure, let alone “sustainable growth” appears = policy Analysis,” J. Envir. Econom. Managel9, pp. 86—107.

rather small. A further conclusion is that growth, both of popula- [8] Tharakan, P., Kroeger, T., and Hall, C. A. S., 2001, “25 years of Industrial

tions and of economies, undermines future sustainability because Development: A Study of Resource Use Rates and Macro-efficiency Indicators
: ' : f _ for Five Asian Countries,” Environmental Science and Poligypp. 319-332.

new technologlgs have not in fact decreased per capita ere 1 Ko, J.-Y., Hall, C. A. S.. and Lemus, L. L., 1998, “Resource Use Rates and

dence upon finite resources. We have had a wonderful ride on" gfficiency as Indicators of Regional Sustainability: An Examination of Five

cheap oil. Sustaining anything like that for the future in a world  Countries,” Environ. Monit. Assess51, pp. 571-593.

where the population still grows, and the environmental prob|em@0] Hall, C. A. S., Lindenberger, D., Kummel, R., Kroeger, T., and Eichhorn, W.,

2001, “The Need to Reintegrate the Natural Sciences with Economics,” Bio-
that effect the resources that people are dependant upon mount, Science1(6), pp. 663673
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