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1. INTRODUCTION
Probably just about everybody on this planet would like to be wealthier, and the poor
most certainly would like that. But what is wealth? Does an increase in wealth
necessarily mean an increase in human welfare? Does our dominant system of
economics generate the most wealth? For whom? With what level of efficiency? What
is it that we are trying to do when we encourage “international development”? What, if
anything, is the role of science in these issues of economic development? Does an
energy analyst have anything to add to the discussion of these issues, or is energy theory
marginal to economics of development?
In fact the objectives of development are generally put forth in monetary terms, that the
goal of development is usually to increase per capita income. But how do we measure
this income, or its approximate integral, wealth? How do we know when we are
successful in the process of development? If we are in fact successful in increasing GDP
have we met our goal of increasing human welfare? We take our cue from the
objectives of this meeting: “(From) all over the world there is a demand for a new form
of development that would really constitute an alternative to the present economic
system”. We attempt to do that here, recognizing that we have neither the space nor
perhaps the inclination to do that to the degree it deserves. Specifically, our objective in
this analysis is to take several basic concepts in developmental economics and to
attempt to relate these concepts to resource use in general and energy use in particular.
This short paper should be seen as an entrée to several published (e.g. Hall et al. 1986;
Ko and Hall 1998; Hall 2000, LeClerc and Hall (in press) and Hall and Klitgaard (in
preparation)) publications that give the arguments in much greater detail and with
additional nuance. While we recognize that what we propose is inadequate to the task
we also believe that it is in fact no less so than the finely honed but often divorcedfrom-reality tools that are put forth by conventional neoclassical economists.
Most usually of course we use gross national product (GNP) or increasingly GDP (the
former being the inflation- and sometimes purchasing power- corrected money
generated by the citizens of a country, the latter the money generated within that
country’s borders). Although there are numerous other indices of developmental
progress (most notably the United Nation’s “Human Development Index”, which
includes information on health, longevity, literacy and so on) generally development
success usually is measured in terms of changes in money flows (i.e. increases in GNP
or GDP). One big problem with simply generating increased money flow is that it has a
notorious way of decreasing the value of currency through inflation, and printing more
money (either literally or through other means of excessively increasing the money
supply) simply contributes to this inflation.

1.1 The gold standard
Some have argued that the way to avoid these problems of inflation is by turning to a
supposedly more solid form of money – such as gold or silver, and the United States did
this for a while in the early part of the 20th century (see reviews in Frieden, J. A. 1993,
Gallarotti, G. M. 1995, and Eichengreen, B. and M. Flandreau 1997). But gold or
silver too are rife with problems. A very thorough analysis has been undertaken of the
deflation of the value of the Roman denarius over time as it was adulterated from being
98 percent silver in 63 AD to zero percent (i.e. all copper or other such metals) by 270
AD (Tainter 2004;Walker 1974, Walker 1977, Walker 1978). Its purchasing power
decreased proportionally. Even pure gold or silver has its problems. When the
Spaniards brought enormous quantities of gold and silver from the new world to the old
they doubled the quantity of gold and silver in the old world– but cut their purchasing
power to one third of what it had been previously (Cameron 1997)! This is because in
reality gold or silver is not wealth but again just a medium of exchange, little different
from paper money. They are closer to an absolute standard simply because gold or
silver requires a great deal of work (either through sailors and conquistadors then, or
fossil energy in deep mines in modern times) to obtain.
In reality the real wealth actually generated each year in the form of food, shelter,
clothing and amenities was from the energy used in Europe from both the sun (to
generate many resources) and from the physical efforts (work) of foresters, fishermen,
farmers, housewives, artisans etc. who did the work of exploiting and upgrading the
solar energy–derived (and other) resources to generate the actual wealth, which is
probably best defined as simply the goods and services that people want. Thus even
gold or some other precious metal has value only in proportion to its ability to be
exchanged, like anything else, for the consequences of the physical work done in
society, and, approximately, the amount of useful energy invested into undertaking that
work (Hall et al. 1986; Ko et al. 1998; Tharakan et al. 2001). Conversely metals are
expensive roughly in proportion to the energy used to win them from the earth, which in
turn is related mostly to their relative scarcity. Copper is found as roughly one part in
10 thousand of the earth’s crust, silver as one part in 10 million, and gold as one half
part in 100 million. Consequently today it takes about 20,000 Kcal to get a kg of
copper, one million Kcal (nearly a barrel of oil) to get a kg of silver and much more to
get a kilogram of gold (Hall, Cleveland and Kaufmann 1986). The high energy
intensity of gold makes it hard to increase its quantity in the world, and hence the “gold
standard” “works” to reduce inflation, such as it does, at least relative to paper money,
as it is not energy intensive to print large quantities of paper money. Hence the slow
increase in the quantity of gold or silver in a country or the world more nearly tracks the
general increase of the real work done, at least relative to printing paper money literally
or through financial means. Neoclassical economics, the dominant systems of
economics used these days in most of the world, does not reflect this perspective on the
importance of energy or even of resources more generally (e.g. Hall, Cleveland and
Kaufmann 1986, Hall et al. 2001a). Energy, water, soil and other resources are
considered only as commodities, with little intrinsic value beyond the three to five
percent of the economy that they typically represent when considered in terms of price.
Economics is viewed mostly as consisting of money flows, which as we view it is only
half the story.
1.2. Nature and energy use as the source of wealth
But another view is that it is only because the price is low for the essential resources of
modern life that the rest of the economy can make a go of it. Think of it this way: if

Mother Nature was open for business in a kiosk at the edge of a lovely river from which
you wanted to extract water, and over which she had complete control, and you
approached hat in hand requesting some water what price would she ask? In what units
of value? What would be your willingness to pay? She might say “But I need that water
for my stream fish, to help maintain a good moderate climate with my forests, to keep
salt water out of my soils near the ocean, and to run the life histories of coastal fish and
so on. Maybe I can spare you a little, but I want you to look after my forests and fish in
return”. Now of course this must sound far fetched to most economists but it is
increasingly clear that in fact in the longer run Mother Nature does hold the best cards,
and that if we do not look after her concerns she will call in her liens. This is, and will
be, perceived by humans as depletion of clean water, easily accessible fish, soils and
climates within which we are relatively comfortable.
Of course the economist will say that we need not be concerned because there are
substitutes for each of these: water treatment, other fish, fertilizers and air conditioning,
and she will be right. But each substitute requires more energy to win what was once
obtained readily, which of course causes additional affronts to Mother Nature and may
leave us in the lurch if and when cheap energy becomes a thing of the past. So we must
try to understand what the real costs are in units appropriate to Mother Nature, not just
economists. Putting a dollar value on a species or some other part of nature seems to me
to be missing the point, as Mother Nature is uninterested in our market-derived system
of values. We European-Americans used to take gold and other things from Native
Americans by force without considering their loss in our ledgers. Fortunately today
things have changed (often but hardly always) and at least there is a general sense in the
dominant cultures that this is wrong. Likewise today we take gold, fish, water, timber
and many other things from nature without paying for other than extraction or rent
costs. But, remember, in the long run Mother Nature holds the cards.
1.3. Our standard economic tools are inadequate by themselves
As an example of how we believe that we are structuring our economics incorrectly,
consider how we introduce most sophomores to economics today. The basis of
neoclassical economics, the dominant form of economics taught and used today, is
figure 1, which shows the main (or only) elements of the economy as households and
firms, each supplying the other with inputs and receiving in return money. This model
is taught as a basis of Economics 201 to roughly a million young Americans a year (and
countless others in other countries). We have argued extensively elsewhere (e.g. Hall,
Cleveland and Kaufmann, 1986; Hall et al., 2001a, from which these arguments and
figures are derived) that this model is extremely inadequate to represent any real
economy, breaks the laws of science, and it certainly does not reflect the interests of
Mother Nature. Our main arguments against the use of this model can be summarized
as: its boundaries are inappropriate, it does not include the necessary material and
energy inputs (and hence is a perpetual motion machine and therefore cannot be true)
and it was developed by logic and fiat rather than by using the scientific method of
hypothesis testing. Any one of these is sufficient to disqualify the model to one trained
in basic science, yet concepts and equations based on that model continue to be used
routinely to make economic decisions and guide development.

Figure 1. Traditional view of economy. This includes the neoclassical circular flow
model of economic production. Households sell or rent land, natural resources , labor,
and capital to firms in return for rent, wages and profits. Firms combine the factors of
production and produce goods and services in return for consumption expenditures,
investments and net exports. (From Hall et al. 1986 as Modified from Heilbroner and
Thurow, 1981)

Figure 2. Economic production from an energy perspective. A continuous input of high
quality, low-entropy fuels enters the economic system, and the economy uses these fuels
to upgrade natural resources, driving the circular flow between households and firms in
the process. The fuel is degraded and put back into the environment as low-quality,
high entropy heat (From Hall et al. 1986 as modified from Daly 1977)
Herman Daly was amongst the first economists to point out the inadequacy of that
model based on the first two issues raised above. He generated a modified model that
included the basic needs of the economy on the global ecosystem for supplying energy
and materials and for accepting and processing (not always) wastes. But to our way of
thinking even this expanded view of the economy is seriously inadequate.
Much more of nature must be included, as it is nature that does most of the work in the
economic process, and that, in addition, maintains the milieu necessary for the
economy, and indeed human and other life, to take place. Figure 3 is an expanded view
of figure 2 and represents to us the minimum summary diagram of any real economy.

The second column of this diagram represents the entire global ecosystem milieu within
which the rest of the global economy operates. Natural energies drive geological,
biological and chemical cycles that produce natural resources and public service
functions and maintain the environment essential for all other economic steps.
Extractive sectors use economic energies to exploit natural resources and convert them
to raw materials.
Raw materials are used by manufacturing and other intermediate sectors to produce
final goods and services. These final goods and services are distributed by the
commercial sectors to final demand. Eventually the goods and energy return to the
environment as waste products (From Hall and al. 1986; original drawing by Charles
Hall and Doug Bogen).

Figure 3. A more comprehensive and accurate model of how economies actually work

1.4. The pressures for development and the ascendancy of the neoliberal model
The last two models presented above have, essentially, nothing to do with how
economics is undertaken in practice today. The earlier 18th century focus on production
of wealth, starting with Adam Smith and David Ricardo, and before them Quesney and
the French Physiocrats, was lost to a focus almost entirely on markets and transactions.
The marginal revolution of the 1880s (which led to neoclassical economics) focused
almost entirely on supply, which was not examined very much from a biophysical
perspective but rather from prices of commodities. The other focus was demand, which
was viewed increasingly as the satisfaction of human psychic needs and wants through
consumer sovereignty and choice in markets. Subsequently economics has developed
as a social science, and until recently relatively little attention has been paid to actual
supplies except when an “aberration” such as the oil crisis of the 1970’s came along
(which, the economists might argue, has been resolved through subsequent market
activities and mechanisms). Although one might argue that it makes equal sense to
develop economics as a biophysical science that has not in fact occurred at all within the
aegis of what is normally called economics.
Around the world there are extreme pressures for nations to “develop”, which normally
means to increase economic activity, usually in accordance to the neoclassical model,
although of course development is equally about biophysical transformations and
processes. This pressure comes from many sources including governments attempting
to help or placate their constituents, idealistic foreign aid or NGOs from the developed
world, various business and economic interests who are interested in a cut of the
hopefully increased action and, of course, the people themselves who may be quite tired
of an economically restricted life. What is rarely mentioned is that the real force
behind much or perhaps most development is simply an increase in the number of
people over time (a biophysical aspect), so that if some kind of development does not
keep pace people will get poorer, which nobody wants. This economic activity and its
changes normally is measured as GNP or GDP, or sometimes per capita GNP or GDP.
The principal tool, or more accurately suite of tools, used to guide development is, as in
most things economic these days, neoclassical economics (sometimes used
interchangeably with “free market” or “neoliberal” or “Univ. Chicago” economics).
The ascendancy of the neoliberal model occurred over the first half of the 20th century
as economists sought to generate a “scientific”, “neutral” model that would focus on
improving welfare of the economy in general and leave the issue of the distribution of
that wealth (properly in their view) to governments, hence absolving economists from
any responsibility pertaining to that issue.
The logic, summarized nicely in Palley (2004) and Gowdy and Erickson (in press) is
that free markets will lead to “Pareto optimization” where, due to market pressures for
lower prices from suppliers, the various factors of production (i.e. land, labor, capital
and so on) are being used so “efficiently” that they cannot be combined in any other
way that would generate greater human satisfaction. This is a, or the, mantra of most
neoclassical economists and has guided how we undertake economics and, increasingly,
government over the last half of the 20th century. Yet the degree to which efficiency
does occur is not at all clear from objective analyses of the behavior of real economies,
and the converse is often true (See Bromley 1990; Hall and Ko 2004).
While it is true that the United States has become more efficient in turning energy into
GDP according to Robert Kaufmann (personal communication) about half of that is due
to the increased use of higher quality inputs and much of the rest is due to the change in

the economy from industrial production (much of which has been exported) to services.
The degree to which this can occur for other countries is not clear. The only real
intellectual alternative to neoclassical economics has been Marxism, which more or less
self-destructed during that period leaving precious little debate about the neoclassical
model. Yet neoclassical economics is only one of many possible substrates upon which
one might construct economic theory and application.
In Latin America, especially, there have been pressures for development, or for
revisions in how economics are undertaken, according to the neoliberal model from
outside entities including especially the World Bank and the International Monetary
Fund (IMF). The pressures have come from the leverage these institutions have because
of outstanding international debt from many Latin American countries. Given the
nearly impossible demands on governments due to poor and growing populations, and
the difficulty in extracting taxes from rich elites who are often the same as those
running governments, the easy solution has been and continues to be debt, which is a
tax on future citizens. When governments can no longer afford to pay their debt
service, which often exceeds 10 to 25 percent of total GNP and perhaps all tax incomes,
a not surprising result is that from time to time governments have defaulted. Default
has generally meant that the banks and their agents are able to impose their sometimes
Draconian “structural adjustment” programs which has meant, basically, reducing
government expenditures, eliminating tariffs that have protected home industries (such
as agriculture) and basically opening countries to globalization. The results are mixed
at best, and are insightfully reviewed in Kroeger and Montanye, 2000.
Most structural adjustment programs also include policies and incentives for
development, normally of industries that will generate foreign exchange (after all the
bank’s objective in structural adjustment is to get dollars or euros to repay the debt
owed to them). For example as part of the structural adjustment program implemented
in Costa Rica for the mid 1990s there were large incentives to encourage the
development of “nontraditional” agricultural crops from everything from Macadamia
nuts to cut flowers. Since these crops tend to be as dependant upon expensive imported
agrochemicals as are bananas it is not surprising that they did not have any significant
effect on resolving debt. Meanwhile rising oil costs add greater balance-of-payment
strains on most economies. In Costa Rica population growth has meant more food
imports and the need for more agrochemicals for domestic crops, also making the
resolution of debts more difficult. The failure of many past development concerns,
generally fueled by neoclassical economic concepts of growth, to deal with the issue of
population growth chains developing countries into necessitating economic growth,
whether real growth is possible or not.
If it is not clear that neoliberal policies have resolved the persistent economic problems
of the tropics why then are they pursued so continuously? The cynical view is that they
serve well the interests of those who impose them rather nicely, maintaining cash flow
to the banks and their shareholders. But that answer by itself is simplistic, for there are
many well-meaning individuals who believe sincerely that these policies should be
helping the countries where they are imposed. As mentioned the principal argument
they and others use to promote neoliberal economic policies is that they are, or should
be, “efficient”, efficient meaning that all productive resources are being optimally used
so that it would not be possible to reassign them in a way that would generate more
wealth (see review in Gowdy in preparation). The logic is that if markets are completely
“free” from e.g. government interference at each step of the production chain each
producer will be seeking the lowest possible prices, and each potential supplier will be

seeking to cut his or her costs (ideally through “efficient” use of resources) so that the
total net effect is that the final demand product will be generated as cheaply as that
economy (which means increasingly the global economy) as possible. This should lead
to lowest possible prices, which is the objective of many economists. Most economists
argue that this process works very well and generates substantial net benefits (e.g.
Bhagwati, 2003).
Whether in fact net benefits always, or even generally, occurs, or occurs in a way that
leads to net human welfare of all effected, is a much more contentious issue within the
broader world of those who think about these issues than most economists are likely to
agree to. If, for example, at the most trivial level, one can generate low prices by
paying laborers as little as possible or by paying as little as possible for environmental
cleanup then there will be strong pressures for this to happen. Such pressures are
behind much of the move for globalization, although there are those that argue that by
bringing developed-world standards of labor treatment and pollution control to the
developing world that too generates net benefits. I am unaware of much in the way of
thorough systems-oriented case history research that examines whether or not this is
true.
A different but extremely important and pungent critique of the neoliberal model comes
from recent work by John Gowdy (e.g. Gowdy 2004; Gowdy and Erickson in press).
Gowdy takes as his starting point (or target) the welfare model of John Rawls. The
basis of welfare economics is that each individual gains welfare proportional to as his or
her real disposable income increases. Thus a given individual will be “better off” by a
factor of two if he or she has 2000 rather than 1000 dollars to spend (or if prices are half
as much). This concept also uses the idea of Pareto optimally, which means that all
productive factors in the economy cannot be used in a way that makes any one person
better off without making another person worse off. But both the Rawlsian and the
Pareto approach assume that there is a linear relation between individual welfare and
money. Thus if one individual becomes five times wealthier (say from $1000 to $
5000) that is as great a social good as five people becoming twice as wealthy (say from
$1000 to $2000 each). This is an important concept that lies behind welfare economics
and has been used incessantly as a logic for developmental plans that tend to pay most
attention to increasing GNP and relatively little to who gets the proceeds which, as
indicated above, should be left, if at all, to government. This of course avoids the
contentions within the developing world that development tends to enrich those that
have while doing little, or even impoverishing, those that have not. By the RawlsianPareto logic, or at least as employed by most contemporary neoclassical economists, if
the total wealth is increased the distribution is not important, or at least is quite
secondary. The entire economic perspective is often enhanced by social notions that
people are well off or not in accordance to their own efforts rather than due to factors
outside their control.
Gowdy’s argument with that perspective that distribution is not an important issue to
economists is that there has been a great deal of psychological investigation recently
that makes the case that human welfare and happiness does not increase linearly with
income, but rather is curved downward (curiously a conclusion also reached by thinking
about the concept of marginal value – that the first units of something have much more
value than additional units – a fact conveniently ignored by marginalist neoclassical
economists)! Hence supplying poor people with the basic necessities of life generates a
greater deal of happiness and welfare with a given amount of money compared to much
less happiness or well being generated by the same amount of money in the hands of

someone who already is well off. According to Gowdy and Gintis the extensive social
research done in recent years has completely undermined the “value neutral”
assumptions that are the base of welfare and neoclassical economics, and calls into
question all of the basic tenets of neoclassical economics.
1.5. We need to test our economic theories
If economics is to be accepted as a real science we must expose the main ideas to
empirical testing. Gowdy has undertaken this in part by reviewing the work of those
who have subject the basic tenets of our dominant economic paradigms by those who
use the scientific method (“one cannot help but be impressed with the rigor of modern
social scientists” from Gowdy 2004). There is a crying need to subject more of our
economic theories to broad, unbiased and thorough assessment of whether they deliver
on what they promise (Bromley 1990, Gintis 2000, Hall et al. 2000). In particular the
concept of “efficiency” needs to be tested as efficiency is the principal argument used to
promote the neoliberal model and of development itself as guided by that model.
Economists themselves have increasingly questioned the effectiveness of their
development models. A particularly fine example of this is William Easterly’s book
“The elusive quest for growth: economists’ adventures and misadventures in the
tropics”. Easterly reviews the development of economic theory as applied to
development, especially tropical development in the tropics. Easterly did what few
economists do: he actually tested whether the models of economists did that had been
the backbone of billions of dollars of aid had accomplished what they were supposed to
do. In particular Easterly asked whether the main development model, The HarrodDomar investment model, had, when applied, resulted in a perceptible increase in GNP
as it was supposed to. His answer was that there was a perceptible increase in GDP for
only for 4 of 88 cases where it had been tried. In other words, when tested these models
were a disaster with respect to achieving their goals.
It is not terribly difficult to test economic models yourself. Although it is often said that
economics is sufficiently complex, and the difficulty of undertaking proper tests and
controls so daunting such that you should not expect economic concepts to be explicitly
testable. In fact if there is such a large void between theory and application then there
should not be economic pronouncements based on theory and models about how to run
a real economy, and since real economists seems not to have stifled in the slightest from
offering pronouncements about how to run real economies a would think the arguments
are moot (in the common use of that word). As an example of how to undertake such an
analysis my former student Dawn Montanye asked whether the (neoliberal) structural
adjustment model imposed upon Costa Rica by USAID in the early 1990s had achieved
its own clearly stated objectives when the subsequent behavior of the economy was
examined, a seemingly straightforward and reasonable thing to do that, however, seems
not to have been undertaken by USAID. Her results were yes for two and no for four
out of their six principal objectives. In addition there were a number of quite important
but unanticipated “bads”.
If efficiency is the main reason that neoclassical economics is promoted, and if, to my
knowledge, this efficiency has barely or not at all tested, how then might we go about
testing efficiency? One can argue that since many Latin American countries have been
under tremendous pressure since roughly 1990 to “liberalize” their economies,
especially those countries such as Costa Rica that have been subject to structural
adjustment, then if indeed structural adjustment does lead to efficiency this should be
obvious from the data pre and post structural adjustment. If this is not observed it

seems to me hard to argue that structural adjustment and neoclassical economics do in
fact lead to efficiency.
In all fairness it should be mentioned that it is not just the neoclassical model that seems
to be having trouble generating economic growth. According to a web-based review
(cepa.newschool 2004) there have been various models for encouraging development
over time and each has basically been abandoned when it had failed to generate much in
the way of the desired development. The review concludes with the dominance of the
neoliberal model today and a proviso that evidence for its effectiveness is “ambivalent”.
We provide a brief examination of some of these methods and their results here gleaned
from our other publications.
2. METHODS
How should we measure efficiency, the purported goal of neoliberal economic policies?
Efficient means that all productive factors are optimally employed toward satisfying
consumer desires, and this should lead to lowest possible prices. But prices are a
notoriously slippery thing to get an explicit measure of, with general or commodityspecific inflation being only one of the problems.
Even the famous study of Barnett and Morse (1963) that purports to show no increase
in the prices of raw materials over time, and hence no increasing resource scarcity,
suffers from a certain circularity due to their need for correcting prices for inflation,
whereas the commodities themselves may have caused the inflation. Also Cleveland
(1991) showed quite clearly that decreasing prices for fuel allowed producers to use
more energy to compensate for declining resource grades without increasing prices. But
efficiency also has another definition, a more rigorous one from science and
engineering. And that definition is simply output over input.
This is often done most explicitly as energy output over energy input, such as physical
work from an engine over its fuel consumption. But it can also be applied to any way
that you want to define output and input, and this method, which we call the biophysical
efficiency of an economy, has often been used to look at economic output compared to
energy input under the assumption that energy is the, or one of the, most important
inputs to the economy and the objective of most NCE programs is to generate more
GDP. We can also ask whether economies have become more efficient in using water,
or fertilizers for agricultural production and so on.
Certainly it seems that if neoliberal policies, most abundant after roughly 1990, do
indeed make economies more efficient then it should show up as some change in these
values since then, especially in those countries like Costa Rica and Chile where it has
been explicitly implemented. Thus our methods are very simple: plot the biophysical
efficiency (i.e. real GDP/energy used, agricultural output per unit of fertilizer and so on)
and see if there is any trend toward increasing efficiency.
Explicitly we test the hypothesis that following the implementation of neoliberal
policies (either in the country or more generally worldwide after 1990) then there will
be subsequently an increase in the biophysical efficiency of nations.

3. RESULTS

We have examined the biophysical efficiency for some 26 countries, of which we
reproduce the more or less typical results of four here (Figures 1-3). We find no
evidence at all that biophysical efficiencies have increased. Figure four shows that for
all countries considered biophysical efficiency has tended to, if anything, decrease both
since 1970 and also since 1990 (Colombia, relatively unaffected by neoliberal policies,
may be an exception). Similar results were found for many other countries as reported
in Ko et al 1988 and Tharakan et al. 2001, and Hall and Ko 2004. Hence the hypothesis
of this paper is not supported, and we must seek some other explanation for economic
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Figure 4. Biophysical efficiency in units of inflation corrected GDP per unit energy used
of four more or less typical countries from 1970 to 1995
Fertilizer input v. cereal yield, Latin American nations, 1961-2001
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Figure 5. Biophysical efficiency in units of agricultural output relative compared to
fertilizer input for four more or less typical countries from 1970 to 1995. Increased
efficiency would be seen as an upwardly curving line, which is not the case
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for 12 tropical countries for which data was available
Our explanation then for increases in economic activity is quite simply that economic
activity increases as more resources are used, and most explicitly as more energy is
used. This energy is used to fuel the productive process which in the contemporary
world is more dependent upon energy than either capital or labor (Hall et al., 2000).
While this is hardly news to most energy scientists it is quite remarkable the degree to
which it is a concept foreign to economists. Wealth come from nature and the
exploitation of nature, and much less so from markets themselves.
3.1. Results in more detail: assessment of sustainability in Costa Rica
We certainly recognize that the assessment above can be criticized for superficiality,
although we believe the results are nevertheless basic and important. But we have, with
our colleagues, undertaken such analyses in much more detail in the past. The most
important of these studies has been for the economy of Costa Rica, which we have
examined in great detail (e.g. Hall et al. 2000, a 761 page book with explicit, data
intensive chapters on each of the major segments of the economy) from a biophysical
and conventional economics perspective. Our original purpose for undertaking this
analysis was to determine how a sustainable society and economy might be developed.
Subsequently we view the book as a model for undertaking biophysical economics.
But to our surprise our study found at least 19 reasons that Costa Rica (often the poster
child of sustainability) could not possibly be considered sustainable. Many of these
reasons were based upon the interaction of energy and resource use to create a situation
of decreasing efficiency (as defined in this paper). These 19 reasons include:
1) Impossible debt load which has been approximately constant since the 1970s, and
which drains the government of substantial precious revenue each year.
2) There are too many people to feed, especially without fertilizers and other industrial
inputs to agriculture, which can hardly be made in Costa Rica.
3) This results in a need to generate foreign exchange for the necessary agricultural
inputs.
4) Even with increasing inputs the yield per hectare for most crops has not increased
since about 1985 due to erosion, depletion of nutrients and a saturation of response
to fertilizers.

5) Costa Rica, as a nation with no fossil fuels, has been, continues to be, and almost
certainly will become even more dependant upon imported fossil fuels.
6) Therefore Costa Rica is extremely vulnerable to an increase in oil prices and
eventual oil depletion. The continued population growth makes this problem more
sever year after year. Attempts at a growth economy have been negated by
population growth.
7) Despite enormous efforts there have been no “silver bullets” (i.e. magic solutions to
one’s problems) and, probably, the concept of sustainable development has no
utility, at least so far, except, perhaps, to make the user feel good and to attract
tourists.
8) Nevertheless, Costa Rica, has generated an extremely good society on a relatively
small resource base. There is a great deal that the rest of the world can learn about
the efficiency by which Costa Rica generates good government services on a
relatively small monetary and resource base.
3.2. What might be the energy available in the future?
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If energy is so important for e.g. Costa Rica what then would be the availability of
energy and other resources into the future? We have been examining the relation
between probable future oil production and domestic consumption for a series of oilproducing nations. Two Latin American countries are presented here (Figures 7 and 8).

Figure 7. History (until 2001) and projection petroleum production and use in Ecuador
(see Hall et al. 2003 and Hallock et al. - 2004). Note: according to the US Geological
Survey the high and the low predictions for oil in Ecuador are reasonably similar to
each other
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Figure 8. History (until 2001) and projection of petroleum production and use in Brazil
see Hall et al. 2003 and Hallock et al. (2004). In this case there are very different
estimates of the quantity of oil to be found, depending principally on the future success
of offshore drilling

Figure 9. Some trends for major economic resources in Ecuador. (source C. Hall and
M. Borbor from (Food and Agricultural Organization, United Nations data)
Most such analyses indicate that it is only a matter of time, generally a few decades or
less, until production peaks occur for most of the 38 countr5ies that export oil at this
time, and also until domestic use exceeds production, at which time (presumably) these
countries cease being net sources of energy or at least oil to the rest of the world.
Likewise there appears to be many patterns of resource exploitation, overexploitation
and collapse which is the economic history for many resources in many countries (e.g.
Figure 9).
4. DISCUSSION
Our main conclusion from these and many other results is that there has been no
increase in efficiency as measured by these measures since “liberalization” of the
economy, but only by increasing the rate of resource exploitation. Neoclassical
economics does not increase wealth by increasing efficiency in any sense of a scientist
or engineer, at least such as we can see, but only by increasing the rate of resource
exploitation, although of course these resources can be imported (if there are other
resources, including specialized human resources, that allow one to pay for them). If
wealth comes from resource exploitation and not from efficiency then the concept of
development must be very tightly tied to the soils, climate, agricultural potential,
mineral resources and other biophysical resources that tend to be given short shrift in
conventional economic analysis. If the human condition is to be made good, as has been
the case in Costa Rica, it requires apparently as much attention to the political as
economic environment, but it all must be within biophysical possibilities. While it is
true that some few countries, notably the United States, has appeared to become more
wealthy without particularly increasing the quantity of energy used (although the quality
has increased with a higher proportion of electricity), the increasing export of heavy
industry offers another partial explanation.

If neoliberal economics does not seem to be in agreement with empirical tests, and in
addition violates the basic laws of physics (e.g. Hall et al. 2001a) and is not consistent
with its own assumptions (e.g. Gowdy above) then what alternative do we have to guide
development or to attempt to operate our economies by, at least in the macro sense (We
have no argument with most routine microeconomic analyses, e.g. accounting and so
on).
Our answer is biophysical economics, a rather imperfect but growing approach to
economics that is based upon the recognition that wealth is fundamentally generated
through exploitation of natural resources and that economic policies are simply
directing how energy is invested in that exploitation. The fundamental approach to
biophysical economics can be found in our new books (Leclerc and Hall, in press, Hall
and Klitgaard in preparation) including an imperfect prescription for undertaking
biophysical analysis. This approach leads to some rather different views as to how we
can improve the average economic plight of the poor of the world. In particular the
biophysical model of development puts a real onus on the availability of affordable
energy for successful development to occur.
Specifically the biophysical model of development says that real material development
occurs only when the ratio:
energy resources / number of people
increases. This can be seen in Figure 10, where those countries where per capita energy
use increases (e.g. Korea, Mexico, Netherlands) then per capita wealth also does.
Per capita energy consumption v. per capita GDP (1970-1992)
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Figure
10. Patterns of per capita energy use and per capita GDP for selected countries 19701992. Note the case of Costa Rica where population increased at almost the same rate as
energy use, resulting in no per capita increases in either energy or GDP

In Costa Rica (for example) where the human population growth is the same or greater
than the rate of energy growth there is no increase in per capita wealth. This biophysical
perspective gives as much or more weight to a decrease in human population growth
rates as a, or even the, principle vehicle for development. Of course there have to be
some caveats that go along with that equation. One cannot simply burn oil in the middle
of the street but must use energy intelligently in the economy, where presumably there
is strong selection through market mechanisms for the intelligent use of that energy in
the economy. Since the availability of energy into the future is very iffy, then it would
seem that the single most effective way for a nation to increase its per capita well-being
is to reduce the number of capitas! Obviously this is not part of conventional economic
development packages but it certainly is consistent with the empirical evidence and
makes sense to me.
So, in summary, what must we do?
1) Examine neoclassical economics with suspicion
2) Use the scientific method!
3) Build a real biophysical model of the actual economic possibilities based on the
real resources of a nation and its population level
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