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C h a p t e r  6

Ecological Economics  
Comes of Age

The ideas which are here expressed so laboriously  
are extremely simple and should be obvious. The difficulty lies,  

not in the new ideas, but in escaping from the old ones,  
which ramify, for those brought up as most of us have been,  

into every corner of our minds.
John maynard keynes

Of all the critiques of mainstream economics —  Third 
World, feminist, Austrian, radical, Georgist, Marxist and 

others —  the one our grandkids would have us heed most is the 
ecological critique. The ecological critique says that mainstream 
economics has ignored some extremely important scientific prin-
ciples that are especially relevant to economic growth in the 21st 
century. These principles, taken together, make it abundantly clear 
that there are limits to population growth and to the production 
and consumption of goods and services, no matter how efficiently 
we try to produce and consume. In other words, these principles 
make it clear that there is a limit to economic growth. Therefore, a 
full world in pursuit of economic growth finds itself in violation of 
the laws of nature and is penalized accordingly. As they say, “Nature 
bats last.” Unfortunately, the penalties will be most severe for the 
grandkids, and this will be supremely unfair because the grandkids 
will have had no say in the formulation of our economic goals. 
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The ecological critique of mainstream economics is so strong 
and compelling that a large and growing academic movement has 
formed around it. This movement is called “ecological economics,” 
no less, and is more or less embodied in the International Society 
for Ecological Economics, or ISEE.1 There are ISEE chapters rep-
resenting the United States, Canada, Europe, Russia, Australia and 
New Zealand, Brazil, Argentina, and India. 

As with most movements, there are various views on how eco-
logical economics originated. However, at least three couplings 
of people and their thought-provoking writings would be promi-
nent in any discussion of ecological economics history. One is the 
controversial book by Donella Meadows, Dennis Meadows and 
 Jorgen Randers called Limits to Growth, published in 1972. Another 
is the highly theoretical work of the Romanian professor Nicolas 
Georgescu-Roegen, summarized in his book The Entropy Law and 
the Economic Process (1971). The third would be the profound but 
down-to-earth work of Herman Daly on the steady state economy, 
featured in books such as Valuing the Earth (1993), For the Common 
Good (1994) and Beyond Growth (1997). 

Limits to Growth was a cornerstone of the American environ-
mental movement and was eventually translated into 30 languages. 
The authors, based at the Massachusetts Institute of Technology 
(MIT) and commissioned by the Club of Rome, developed a com-
puter model demonstrating how economic growth was leading to 
natural resource depletion and environmental degradation. Two 
of the computer scenarios, including a “business as usual” scenario 
and a dramatic technological progress scenario, predicted a disas-
trous collapse of the economy during the 21st century. The third 
scenario was essentially the steady state economy and assumed 
concerted efforts to stabilize the system. The book and its authors 
suffered a politically debilitating attack in the decades following its 
publication. At first, economists in academia chipped away at de-
tails, but soon pro-growth, free-market organizations such as the 
Competitive Enterprise Institute and Cato Institute piled on with 
an overarching accusation of “pessimism.” Such criticism was simi-
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lar to the 19th-century criticism of Malthus’s Essay on Population 
and is hard to read without countering: “Don’t throw the baby out 
with the bathwater.” Perhaps Meadows and her colleagues weren’t 
spot-on with every detail, but the principles they laid out were un-
deniable and the scenarios were rigorously constructed. Decades 
later analysts are documenting how prescient the authors of Limits 
to Growth were, especially with the business as usual scenario.2 

In contrast to Limits to Growth, Georgescu-Roegen’s master-
piece went mostly unnoticed in academia and was entirely ignored 
in public dialog. It’s effect has been like the hands of time, tick-
tocking perpetual growth notions into the dustbin of yesteryear’s 
fantasies. The slow but sure ticking is apropos, given that The En-
tropy Law and the Economic Process is all about “time’s arrow,” or the 
entropy law. 

The entropy law is a foundational concept in physics: the sec-
ond law of thermodynamics no less. Perhaps the quickest, easiest 
way to describe it is that energy inevitably, invariably dissipates. 
Things that are hotter than their environment cool off. Of the bil-
lions of cups of coffee poured in the broad sweep of history, not one 
has warmed up of its own accord, not for an instant. The entropy 
process is as consistent and irreversible as Father Time; you can 
tell whether it’s earlier or later based on the warmth of your cof-
fee. Einstein said of the entropy law, “It is the only physical theory 
of universal content, which I am convinced . . .will never be over-
thrown.” Einstein was also impressed by the entropy law’s “range of 
applicability.”  3 

And apply it Georgescu-Roegen did, unto 457 pages! The main 
application, in a nutshell, is that absolute efficiency in the economic 
production process cannot be achieved. Nor can recycling be 100 
percent efficient. Pollution is inevitable, and all else equal, more 
economic production means more pollution. These findings may 
seem like no-brainers to many, yet neoclassical growth theory has 
led to wild-eyed optimism regarding “green growth” and “closing 
the loop” by turning all waste into capital. Such fantasia cannot be 
soundly refuted without invoking the entropy law.



140  Supply Shock

The Entropy Law and the Economic Process moves across a huge 
swath of philosophical and scientific terrain. As with most wide-
ranging and intellectually adventurous books, The Entropy Law can 
and has been challenged. Most of its arguments and the counter-
arguments are philosophical and not amenable to scientific proof 
or disproof. But the tremendous value of The Entropy Law is that 
it unequivocally established the profound relevance of thermody-
namics to economic affairs. Unlike neoclassical economics, ecologi-
cal economics embraces this relevance, putting ecological  economics 
into a better position for enlightening real world affairs.

With regard to real world affairs, though, The Entropy Law 
as a book was not as useful as the entropy law itself. It was ab-
struse enough to appear esoteric, and Georgescu-Roegen’s inter-
ests in economic affairs tended to be exceedingly long-term. While 
neoclassical economists pushed a perpetually growing economy, 
Georgescu-Roegen emphasized a perpetually eroding economy 
and indeed a perpetually eroding universe, all the way out to the 
“heat death” necessitated by infinity. This emphasis had the ironic 
effect of retarding the application of The Entropy Law and the Eco-
nomic Process to the economic process itself.

Fortunately for ecological economics, one of Georgescu- 
Roegen’s students at Vanderbilt University was Herman Daly. A 
devout Christian, Daly too had an eye toward the longest of long 
terms, but he also had one eye focused on the wellbeing of present 
and upcoming generations. This tapestry of long- and short-term 
interests can be sensed throughout Daly’s writings. Daly took the 
entropy law, emphasized its short-term relevance while acknowl-
edging its long-term implications, and used it as part of a well-
grounded macroeconomic framework. He called this framework 
“steady state economics,” which served as the catalyst for the eco-
logical economics movement. Much of the remainder of this book 
is a natural progression from Daly’s steady state economics.

With the passing of Georgescu-Roegen (1906–1994) and Don-
ella Meadows (1941–2001), of the three only Daly, a professor 
emeritus with the University of Maryland, remains a major  figure 
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Figure 6.1. Herman Daly (top left) and Donella “Dana” Meadows (top right), 
founders of ecological economics. Daly and colleagues clarified the rela-
tionship between the economy and earth with a diagram (above) that was 
simple but powerful for illustrating limits to growth. Credits: (top left) Herman Daly; 

(top right) Donella Meadows institute; (above) From Ecological Economics, Herman e. Daly and Joshua 

Farley, ©2004 Herman e. Daly and Joshua Farley. reproduced by permission of island Press
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in  ecological economics.4 For the Common Good (co-authored with 
the theologian John Cobb) received the prestigious  Grawemeyer 
Award for Ideas Improving World Order. Daly was also the re-
cipient of the Honorary Right Livelihood Award (Sweden’s alter-
native to the Nobel Prize) and the Heineken Prize for Environ-
mental Science from the Royal Netherlands Academy of Arts and 
Sciences. Daly is no ivory-tower academic, either, having spent 
six years as a senior economist at the World Bank. The National 
Council for Science and the Environment presented Daly with its 
Lifetime Achievement Award in 2010. The tremendous respect for 
Daly is displayed in a festschrift authored by colleagues, students 
and admirers.5

Of course, it is somewhat arbitrary to classify these relatively re-
cent efforts as the “roots” of ecological economics. We saw in Chap-
ter 3 that the classical economists, most notably Malthus, recog-
nized limits to economic growth. John Stuart Mill went further and 
elaborated on the “stationary state.” Daly’s steady state economy is 
essentially the resurrection of Mill’s stationary state, supplemented 
with a rigor gleaned from the natural sciences, an economic mas-
tery honed in academia and first-hand experience with economic 
growth policy as implemented by the World Bank. After six years 
at the Bank, Daly left in disgust, noting the blind faith in neoclassi-
cal economics among the Bank’s highest-ranking economists.6 He 
offered the hopeful observation, however, that the Bank was be-
coming “more environmentally sensitive and literate.”  7 

Daly was modest, for the newfound environmental sensitivity 
wasn’t foisted onto the Bank by Wall Street or the Competitive En-
terprise Institute. In fact, we have the likes of Daly himself and a 
noteworthy colleague at the bank, Robert Goodland, to thank.

With that brief historical account as background, the remainder 
of this chapter will comprise an overview of ecological economics, 
with an emphasis on how ecological economics treats the subject 
of economic growth. As with conventional economics, ecological 
economics can be broken down into micro- and macroeconomics. 
Ecological economics is founded upon different principles, micro 
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and macro, which lead to distinct conclusions and policy implica-
tions. These principles stem from the natural sciences (physical and 
biological) that are largely ignored in conventional or neoclassical 
economics. 

While we keep the micro-macro distinction in mind, it will 
also be useful to think of three themes: allocation, distribution 
and scale. “Allocation” refers to the way the factors of production 
are devoted to different producers for different purposes. For ex-
ample, land may be allocated among farming, forestry, recreational 
and other uses. Labor and capital may be allocated likewise. At a 
finer level, timber from a forest may be allocated among furniture- 
making, construction, boat-building, etc. Labor at the construction 
site may be allocated among carpentry, masonry and plumbing. 
Capital at an automobile plant may be allocated among the  chassis, 
drive-train and circuitry floors. The efficiency of an economy de-
pends to a great extent upon a well-balanced allocation among and 
within the factors of production.

“Distribution” refers to the distribution of income, wealth or 
general welfare. This is the economic subject most often discussed 
by non-economists. Indeed, politics is mostly about distribution, 
which explains the classic definition of politics: “Who gets what, 
when, and how.”  8 Bill Clinton could have elaborated, “It’s the politi-
cal economy, stupid!”

“Scale” refers to the size of the human economy relative to the 
ecosystem. This, of course, is our focus here, and it provides the 
primary distinction between neoclassical and ecological econom-
ics. Neoclassical economics deals almost exclusively with allocation 
and, to a much lesser extent, distribution. Why? Because neoclassi-
cal economics doesn’t recognize environmental limits to economic 
growth. With no limit to growth, the concept of scale is superflu-
ous, there is no conflict between growth and the environment, and 
the cure for social ills —  including maldistribution of wealth —  is al-
ways more growth. “A rising tide lifts all boats,” as they say.

Ecological economics deals with allocation and distribution, but 
its emphasis is on scale, especially among the scholars and policy 
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activists we might call “Dalyists.” Scale deals with whole economies, 
usually national or global, so ecological economics is geared espe-
cially to replace conventional macroeconomics while accepting and 
incorporating some of the fundamentals of conventional (neoclas-
sical) microeconomics. Before we delve into scale, however, let us 
briefly consider allocation and distribution from the perspective of 
ecological economics.

Ecological economists acknowledge that the market —  that 
ubiquitous place where goods and services are exchanged —  is rea-
sonably efficient at allocating resources. The market is especially 
efficient when property rights are easily established and readily en-
forced. This is not the same as saying prices are a good indicator of 
absolute or long-run scarcity. For example, even if the market price 
of petroleum is far too low for the sake of the grandkids, allowing 
us to pull the carpet from under their future, the market will do a 
reasonably good job of allocating petroleum among today’s power 
plants, airlines and trucking companies. For example, there won’t be 
a huge surplus of petroleum at the power plant if the trucker down 
the road is desperate for gas. The fact that the invisible hand can 
handle this allocation problem is good indeed. Today’s consum-
ers will not only have electricity from the power plant, but goods 
hauled in by the trucker.

Adam Smith described this process in detail but also noted 
several problems, including monopolies and misinformed consum-
ers. Such problems prevent the market from performing properly. 
Few have argued that point, and economists of all stripes talk about 
“market failure” and how to correct it. Nevertheless, neoclassical 
economists place a notorious amount of faith in the market. The 
invisible hand, they say, ensures that microeconomic behavior pro-
duces a desirable macroeconomic outcome. Supply and demand 
establish prices that send appropriate signals to producers and 
consumers, leading to economic activity that serves society’s inter-
ests. For example, as a natural resource becomes scarcer, the price 
of it rises, resulting in more vigorous efforts to supply the resource. 
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Theoretically, this will take care of the grandkids as well as today’s 
consumers.

Richard Norgaard, a professor at the University of California-
Berkeley and past president of the ISEE, points out the fallacy in-
herent to the neoclassical theory of prices.9 The theory implies that 
she who sells the resource knows whether the resource is scarce 
or not. Otherwise, how would she know where to set the price? 
Yet how was she supposed to know how scarce the resource was, if 
price was supposed to tell her? It’s a catch-22. 

This is an important critique, because economists often argue 
that natural resources are actually becoming more plentiful just 
because prices are declining. (Not that many prices are declining 
today.) The late Julian Simon (1932–1998) famously peddled such 
pap, spawning disciples who found Simon’s argument conducive to 
increasing their own money supplies. After all, their “theory” feeds 
straight into the hands of corporations that benefit from the re-
sulting, pro-growth mindset of consumers and policy makers. The 
corporate community loves these disciples of Simon, and the new 
darling is the Danish statistician Bjorn Lomborg. Praise has been 
heaped upon Lomborg by the likes of the Competitive Enterprise 
Institute for his book, The Skeptical Environmentalist (see Chapter 4). 

Yet for ecologists, ecological economists and sustainability 
thinkers, The Skeptical Environmentalist is riddled with fallacies, 
straw men and shoddy scholarship. I agree with them, having care-
fully reviewed the book for the journal Conservation Biology,10 and 
websites have been devoted to exposing Lomborg’s misinformation. 
Yet we saw in Chapter 4 how such books can be paraded by Big 
Money. In the process, their popularity may eclipse their  notoriety, 
especially among the uninitiated, the gullible or those desperately 
wanting to believe that all is well, after all, in the environment. 
George Will comes to mind.11

But back to Norgaard, whose observation on the fallacy of pric-
ing theory helps explain the confusion of economics students when 
they encounter the subject of supply and demand in introductory 
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“micro.” First they learn that prices are determined by supply and 
demand. Then they learn that the quantities supplied and de-
manded are determined by. . .prices. 

There happens to be no lurking inconsistency here. But there’s 
no magic trick to dazzle us either. It’s just a matter of semantics. 
Supply is not the same as “quantities supplied” and demand is not 
the same as “quantities demanded.” But these semantics do open the 
door for shenanigans.

The supply (per se) of raw diamonds, for example, is deter-
mined primarily by how many diamonds are in the ground and the 
technology available for mining them. Supply clearly does influence 
price; diamonds are expensive partly because they are so hard to 
find and extract. On the other hand, the “quantity supplied” is what 
is brought to the market by diamond sellers. Price clearly does in-
fluence the quantity supplied; the higher the price, the higher the 
quantity supplied, all else equal. 

So the relationships among supply, price and quantity sup-
plied are really not so mysterious, at least not until a linguistically 
reckless or unscrupulous growthman wades in to muddy up the 
waters. The late Julian Simon has plenty of living counterparts. 
Robert Bradley, president of the Institute for Energy Research, be-
lieves that “natural resources originate from the mind, not from the 
ground, and therefore are not depletable. Thus, energy can be best 
understood as a bottomless pyramid of increasing substitutability 
and supply.” 12 In other words, innovators supply the world with 
natural resources, including energy, from their minds. Therefore, 
the supply of such resources is no problem. 

Clearly such a theory inculcates a healthy supply of manipu-
lative political rhetoric, in which the word “supply” is quickly cor-
rupted. It’s a game anyone can play, so let’s take a turn. Consider 
the supply of clean air at a party in an apartment. Smokers suck in 
the clean air and gradually replace it with secondary smoke. Their 
lungs are like pumps in an oilfield, systematically extracting the re-
source, replacing it with airborne sludge. As more smokers arrive, 
the supply of clean air noticeably dwindles, and non-smokers start 
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to leave. Eventually even the smokers start leaving, beginning with 
the lighter smokers who don’t like heavy smoke. So at first, more 
 smokers means a lower supply of clean air, yet eventually —  after 
enough smokers have polluted the place and many have left —  the 
supply of clean air stabilizes. In fact the supply of clean air starts 
to increase a bit as the secondary smoke is absorbed in the curtains 
and carpeting, and fresh air wafts in through fissures in the walls 
(assuming smokers weren’t crowding the hallways outside). Next, 
we conveniently overlook the fact that it took a major reduction of 
clean air to make all this happen; too complicated to consider all 
that. So in a squirrelly sort of way we can now say that more smok-
ing (that is, extraction of clean air) led to increasing supplies of clean 
air, and indoor air pollution due to smoking is a self- correcting 
problem. If we generalize a bit, moving out of the confines of this 
particular party, we can say that the key to less smoking in society 
is more smoking! 

This ludicrous example mirrors the claim that the invisible hand 
of the market will “fix” any resource shortages that might arise. It’s 
smoke-and-mirrors. 

We’ve all been downwind of cigarette smoke. Certainly we have 
the right to poke a little fun, especially at the “Seven Dwarves,” the 
CEOs of America’s largest tobacco companies, who perjured them-
selves before a US House of Representatives Subcommittee: “I be-
lieve that nicotine is not addictive.”  13 The resulting news broadcast 
was unforgettable to many Americans, who learned a lot about 
Big Money that day. We fully expected the Seven Dwarves to an-
nounce, as an encore, the Tooth Fairy’s engagement to Santa Claus. 

So Americans know quite well how Big Money pollutes the 
truth. Can we expect the mother of all money-making theories, 
neoclassical growth theory —  along with all its crazy correlates —  to 
come to us on wings of truth? Sure, sure, higher prices stemming 
from lowered supplies actually “increase” supplies because they pro-
vide an incentive to “supply” even more. And more smoke makes the 
air “cleaner” by providing an incentive for smokers to increase the 
supply of clean air. More traffic increases the supply of open road. 
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More noise actually leads to a greater supply of quietness. Less of a 
good thing leads to more of it! More of a bad thing leads to less of 
it! Or, if you prefer, less of a good thing leads to less of a bad thing, 
and more of a bad thing leads to more of a good thing! 

So if the Competitive Enterprise Institute, neoclassical econo-
mists and growthmen at large want to claim that oil supplies, for 
example, are actually increasing, not decreasing, as evidenced by the 
occasional downturn in price, let them play with the word “supply” 
like the Seven Dwarves play with “addictive.” Let them use “supply” 
to mean more, less, a harmless mess, anybody’s guess . . .whatever. 
But may the rest of us not be dolts. Supply is how much there is, 
and as you use more, less remains.

Meanwhile, expecting the market to maintain our supplies is 
like expecting the political arena to maintain our ethics, the library 
to maintain our ideas or the sewage plant to maintain our intesti-
nal tracts. Each of these pairings represents a relationship between 
two variables, but in no case is the relationship straightforward or 
dependable, much less positively reinforcing. Thus it is with market 
prices and supplies. The bottom line is that markets are all about 
the consumption of resources. No matter how efficiently they al-
locate resources today, bigger markets mean more consumption and 
less resources tomorrow.

Now we turn to the distribution of wealth. Many neoclassical 
economists view the distribution of wealth as a final stage or spe-
cial case of allocation and therefore “covered” by the market. Others 
think of distribution as a matter for politics, ethics or religion and 
not even within the purview of economics. Ecological economists, 
on the other hand, emphasize that an equitable distribution of 
wealth is necessary for the long-term economic security of rich and 
poor alike, and is therefore a central issue for economic study and 
policy. In fact, distribution of wealth generally takes a higher prior-
ity than allocation in ecological economics. 

Ecological economists also emphasize the distinction between 
allocation and distribution. Just because a consumer purchases 
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something when he thinks the transaction will benefit him doesn’t 
make the market equitable at distributing wealth. In fact, the mar-
ket has little to do with the distribution of wealth. Wealth (in the 
economic sense) is the means to purchase and affects the amount 
that may be purchased. Wealth may be legitimately worked for 
and even invested in, so that labor markets and stock markets are 
conduits for wealth, but large portions of wealth are distributed 
via charity, inheritance, marriage, luck and shades of crime rang-
ing from shoplifting to Enron. A whole subfield of ecological eco-
nomics has sprung up around the distribution of wealth as distinct 
from the allocation of resources. 

In considering the distribution of wealth, a good starting point 
is human behavior. Remember from Chapter 2 the neoclassical 
notion of self-interested, utility-maximizing Homo economicus, 
whereby utility is expressed in terms of consumption? This materi-
alistic model of mankind is roundly condemned by assorted  critics, 
often with Marxist or Georgist leanings, and more often with com-
mon sense. Ecological economics offers an additional, unique and 
original critique in which humans are viewed as having evolved in 
a variety of ecosystems, each of which posed unique constraints on 
economic behavior and resulted in unique cultural norms. As such, 
humans are subject to diverse, complicated, and even mysterious 
motives not satisfied by simply maximizing their consumption of 
goods and services. This way of thinking is called “evolutionary eco-
nomics” in some circles.

Don’t worry, this book is not about to turn into a Luddite mani-
festo for turning back the clock to caveman days. But it’s worth 
thinking about human nature —  the deeply rooted, promising as-
pects of human nature with economic growth at the crossroads. 
We know that people the world over have cultural, tribal roots 
and urges, exposed most obviously in outdoor activities such as 
hunting, fishing and camping. Is there something deeper? Surely 
there is, especially traits, behaviors and attitudes that would have 
contributed to individual and tribal survival. We should at least 
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 attempt to identify some of the ways human evolution has affected 
our economic behavior today, rather than settling for a model that 
makes us look like pigs at a trough.

Early human societies, or tribes, involved kinship, a com-
mon language, a common faith, some property in common, eq-
uity among members (especially within gender), and an economy 
adapted to and dependent upon a particular ecosystem. Long-
lasting tribal societies consisted of individuals who valued their 
tribal identities, including their ancestors and descendents. In 
other words, they were concerned with the distribution of wealth 
not only among the living but unto future generations. Far from 
maximizing consumption, they monitored their use of resources 
and consciously conserved these resources for future generations. 
Of course, not all tribes can be characterized this way, but in many 
parts of the world tribal institutions evolved to ensure conserva-
tion.14 Such institutions included totems that identified clan mem-
bers with non-human species, dances that reinforced appreciation 
of natural resources, land-resting practices and, in almost all tribal 
cultures, redistributions of wealth ranging in scope and duration 
from the Chinook potlatch to the Mosaic Year of Jubilee. Tribal 
cultures that failed to develop the appropriate traits and institu-
tions were not sustainable; they simply didn’t survive.

The point is that both conservation of resources and redistri-
bution of wealth are essential for sustainability —  ecologically, eco-
nomically and ethically. As with the wealthy, there are needy people 
in all societies as a matter of luck, skill, age, health, inheritance and 
other factors often beyond their control. The needy perish without 
some help from society, or else turn to anti-social means of acquir-
ing necessities. In a tribal hunting culture, the needy would have 
resorted to indiscriminate harvesting practices that endangered fu-
ture generations of wildlife and plants, such as the killing of preg-
nant does. In feudal times, the needy often hid along forest paths, 
begging, poaching, sometimes robbing. Today’s needy tend to con-
gregate, nameless, in big cities where food and shelter are more 
readily obtained. If there is no assistance, whether it be some form 
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of workfare or pure charity, eventually violence ensues. That’s just 
common sense, and only an intelligent and fair approach to distrib-
uting wealth is stable and sustainable.

So in the long evolution of tribal cultures, institutions for main-
taining equity and ceremonies for redistributing wealth were se-
lected for because they were sustainable. That doesn’t mean tribal 
leaders said, “Let’s select these institutions because they are sustain-
able.” It means that tribes which developed those institutions lasted 
the test of time, while others didn’t. It was natural selection operat-
ing at the cultural level.

It should be comforting and encouraging to know that sustain-
able economies are not an unprecedented condition for Homo sa-
piens, especially when we consider that we all have tribal ancestry 
if we search deeply enough into the past. Perhaps it is in us yet to 
limit consumption for the sake of society, present and future, in-
stead of attempting (in abject futility) to satiate unlimited wants. 
Perhaps posterity, the “seventh generation” in more tribal terms, 
will yet recapture our attention long enough to put the likes of 
gas- hogging Escalades and McMansions in a new light, a light not 
nearly so positive as it apparently is today. 

Meanwhile, we face a troubling question: “If we were all tribal, 
and natural selection was for sustainable tribal institutions, what-
ever happened!?” The answer seems straightforward enough. Dur-
ing the Neolithic Period, or the New Stone Age, beginning in the 
Middle East around 7,500 bc, tribes learned to grow their own 
food. Agriculture spread shortly thereafter to parts of Africa, India, 
China and Europe, while Native American tribes developed their 
own agricultural techniques. Agriculture and the domestication 
of animals allowed a degree of separation from nature and inde-
pendence from the wild animals and plants so important to tribal 
identity. It wasn’t long before agricultural surplus freed the hands 
for the division of labor and the development of numerous tech-
nologies, occupations and cultural activities such as politics and 
religion. A sedentary lifestyle supported by agriculture was also 
conducive to larger families and higher population densities.
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Friction among neighboring peoples, often for resources, re-
sulted in the development of organized warfare. Some tribes be-
came oriented more toward raiding than hunting, gathering or 
farming. Post-tribal societies similarly produced a warrior class 
and, eventually, national armies and navies. So the world went 
through its stages of empires, feudalism and monarchies; a dark 
age here, a renaissance there, periodically punctuated by religious 
crusades and revolutions. By sword or plowshare, tribal societies 
were replaced, one by one, often unto several post-tribal stages. For 
example, Polans, Silesians, and other Polish tribes were subjected 
to Viking invasions from the north and Mongolian invasions from 
the east long before there was a state of Poland, which then was 
invaded by Turks from the south, Germans from the west, and 
 Russians from the east.15 Yet the Poles retained their homeland, 
helped early on by sustainable tribal cultures, rooted to the land, 
with lasting traditions of loyalty and cooperation gradually meld-
ing with Roman Catholic ceremony.

Hebrew tribes had an even longer, more intense history of per-
secution. They retained their faith but lost their homelands and 
then their right to own land. Eventually, with no lands to co-evolve 
with, or to farm, hunt on, or gather from, Jewish society naturally 
became oriented toward commerce. Lending, especially, required 
almost no land. Christians were not allowed to do it, so Jews oc-
cupied, expanded and at times perfected this unique niche in the 
financial history of the world.16 Money-lending (a forced occupa-
tion) may not jump out as an icon of sustainability, but other tribal 
traditions do, such as the labor-and-land-resting Sabbath day, the 
land-and-labor-resting shmita (the Sabbath year), and the leveling 
of wealth known as Jubilee. These traditions were so sustainable —  
protecting land and spirit as one —  that they lasted centuries after 
the lands themselves were out of reach. 

All five of the world’s major religions —  Hinduism, Buddhism, 
Islam, Judaism, Christianity —  have sustainable traditions, at least 
ideally. Hindus revere nature and eschew a materialistic lifestyle. 
Buddhists follow the middle path, a perfect metaphor for the bal-
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ance of nature, with humans taking their share while leaving the 
rest for the other species of the world. Moslems establish “hima,” 
or nature reserves, to balance their needs with the needs of plants 
and animals. Jews rest the land and participate in Jubilee. Chris-
tians are stewards of nature in the mold of St. Francis of Assisi. An 
argument could be made that protecting the environment, out of 
respect for nature and concern for future generations, is the most 
unifying theme of the major religions. Who among the bona fide 
faithful would deny its importance? 

I’ll never forget the day I was asked to give a talk on steady state 
economics to religious leaders in the Washington, DC, area. Dur-
ing the discussion that followed, a distinguished and pensive Uni-
tarian minister finally revealed his thoughts by saying, “You know, 
the steady state economy —  that’s the kingdom of God.” He elabo-
rated to some extent on the theological basis for this statement, yet 
it is easy to sense how perpetual economic growth doesn’t mesh 
with the ideals of any major religion. Neither does perpetual re-
cession. That leaves the steady state economy as the theologically 
enlightened alternative.

Perhaps the environmentally ideal aspects of mainstream reli-
gion stem primarily from the earthy spiritualism, common sense 
and dignity of sustainable tribal traditions. But ideals are rarely 
achieved, and not all tribal traditions lasted beyond the tribes 
themselves. Many Native American (North and South), Australian 
and African tribes were obliterated by imperialist European na-
tions, who turned out not to represent ideal versions of Christian-
ity, Islam or other religions. Some of the tribes remain in name, at 
least, within and among modern nation-states, but only the deepest 
Amazonian rainforest or the driest Australian outback still have 
tribal economies rooted intimately in their ecosystems.

Meanwhile an explosive convergence of science and technol-
ogy, all in the midst of an intellectual “Enlightenment,” led to the 
Industrial Revolution of 18th-century Europe. In the evolutionary 
perspective of ecological economics, the very phrase “Industrial 
Revolution” is telling. A revolution is something that, by definition, 
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has become unhitched from evolution. In a revolution, the pace and 
magnitude of change are pronounced. Industrialization happened 
in a flash compared to the long sweep of prehistory, and suddenly 
most of the world participates in globalizing, mass-marketing, 
manufacturing and even “service” economies. Many of us have lost 
our connection to the natural world and wouldn’t know a grouse 
from a grebe. We have lost the tribal institutions that kept us in 
touch with the natural resources the grandkids will depend upon. 
The challenge now is to develop counterparts to tribal totems, cer-
emonies, land-resting rules and even distributional schemes that 
will work in today’s political economies. 

Some such counterparts limp along in disguise already. In the 
United States, for example, the bald eagle has been our nation’s 
symbol since 1782. The identification of our populace with this ma-
jestic bird helps to explain the strong protections afforded to the 
eagle, dating back to the Bald Eagle Protection Act of 1940. It’s a 
solid perch in the mostly unsustainable tree of American policy.

Certain seasonal events evoke a touch of tribal awareness, too. 
Thanksgiving is probably the closest thing in American culture to 
a tribally rooted celebration in which we ponder and appreciate the 
plenitude of the land. It is no coincidence that, of all the federal 
holidays, this one brings us closest to our Native American hosts. 
We are thankful to the Native Americans for helping those early, 
vulnerable colonists. Alongside the Native Americans, we are also 
thankful to God or Mother Nature for the fruits of the land. It’s 
true that Thanksgiving has become a lot like an American Christ-
mas —  more about celebration than appreciation. The malls are 
open till midnight and a lot of Americans spend the day shopping 
for Christmas gifts. The sheer mass of this operation has become 
unsustainable, but at least an element of wealth redistribution lives 
on in the act of gift giving.

So now in the 21st century we must stand before the mirror and 
ask: Which of the following ladies or gentlemen will materialize? A 
long-evolved, tribally rooted, Homo ecologicus, or the self- interested, 
utility-maximizing, globe-trotting Homo economicus? Which, we 
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might ask, would also deserve the title of Homo sapiens? Clearly we 
need sapience in a full-world economy.

Based on the above —  our mix of tribal origins and industrial 
economies —  I’d like to think we are Homo ecologicus, variety eco-
nomicus. We are predisposed, while remaining efficient and ade-
quately self-interested, to distribute wealth in a more sustainable 
fashion than the raw-boned, sociopathic Homo economicus. We’ve 
got just enough sapience to be vigilant, to maintain or restore our 
ecological and ethical fitness, to keep in mind that the unfit go ex-
tinct, with or without piles of money.

For purposes of ethical fitness, the distribution of wealth is our 
primary concern. For purposes of ecological fitness, the bigger  issue 
is scale. The market may do a reasonably good job at allocating re-
sources among competing ends, and is involved to some extent in 
distributing wealth, but it does nothing whatsoever to prevent the 
over-allocation of the entire collection of resources or even of a par-
ticular resource. Neither does neoclassical economics. In neoclas-
sical economics, it’s unclear if land is even a factor of production 
(Chapter 4), technological progress perpetually increases economic 
capacity (Chapter 8) and population growth is required not only 
for long-term GDP growth, but for long term per capita GDP 
growth (Chapter 5)!

As with the distribution of wealth, there are tribal antecedents 
that enlighten our understanding of the scale issue. An oft-cited 
example is the Rapa Nui of Easter Island, who developed a culture 
obsessed with the conspicuous display of stone figures called moai. 
Moai often weighed more than 20 tons, and the desire to move 
them about the island resulted in a technology of transportation in 
which copious quantities of coconut palms were used as rollers.17 
Competition among islanders to display more and bigger moai 
took precedence over developing institutions for monitoring and 
conserving the palm, which also happened to be a crucial source of 
food and fiber. The Rapa Nui neglected other natural resources too, 
but the coconut palm was the cornerstone of their economic life. 
Once their island was denuded of coconut palm, disaster ensued. 
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The economy had become far too big for the remaining resources to 
support. Cultural decay set in quickly, to the point of cannibalism, 
until the economy was adjusted to an ecologically supportable level 
by a not-so-invisible hand of nature.

Anthropology is not an exact science, but it appears that prior 
to the Industrial Revolution many economies on continents out-
side Europe had achieved relatively steady states (as in steady state 
economies), even while others were heading down paths toward 
Easter Island-like outcomes. For example, several tribes in North 
America had developed hunting economies in balance with the 
bison herds roaming the Great Plains, especially before the Span-
iards introduced horses.18 Among these noteworthy tribes were 
the Arapaho, Cheyenne and Comanche. (The famous Sioux tribes 
came later to the plains in response to European colonization, mov-
ing in from the east and adapting quickly.) 

Meanwhile, a more sedentary, Anasazi culture was waxing and 
waning in the Southwest. In Chaco Canyon (New Mexico), then 
at Mesa Verde (Colorado), Anasazi economies boomed and then 
collapsed in the 13th and 14th centuries. Scholars think the demise 
of these economies was largely a result of over-population and re-
sulting resource shortages, especially of water. Not long afterward 
a similar fate befell the primary tribal occupants of what is now 
Arizona, although their wholesale disappearance from the archaeo-
logical record is a bit more mysterious. Indeed, the Pima Indians 
called them the “Hohokam,” or “vanished ones.” In the case of the 
Anasazi, pockets survived here and there, evolving culturally into 
the more sustainable Pueblo tribes of today.

Clearly, there was a natural selection for sustainable tribal cul-
tures in North America, and a similar process was underway for 
millennia over large swathes of the planet that had avoided the 
Neolithic transformation and its discontents (the proverbial Van-
dals, Visigoths and Vikings). Rather suddenly and very tragically, 
in an early episode of “globalization,” the whole process was in-
terrupted by a lethal combination of European “guns, germs, and 
steel.” 19 Many tribes disappeared, and those that survived lost a 
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great deal of cultural integrity, including in many cases the institu-
tions that had made them sustainable. 

We should avoid, of course, a polyannaish perspective on pre-
historic life. Even among the tribes that appear sustainable in hind-
sight, survival wasn’t fun and games, especially for women saddled 
with heavy domestic workloads. Nor was peace a long-lasting con-
dition, evidently, in regions of tribal interaction. Natural hazards 
were ever-present and, as many economists have emphasized, the 
average lifespan was much shorter than today’s. 

But we should also avoid the presumptions of economists who 
are polyannaish in their perspective of current affairs. Yes, of course 
life spans are longer today, but there is ample evidence that many a 
tribal life was lived in magnificent, vigorous health, especially in the 
hunting cultures of North America and Africa.20 We cannot know 
how much vigor was lost to humankind when tribal blood stopped 
coursing through its veins, or how much “disutility” we experience 
as a result of pollution, noise and the myriad other stresses of a full-
world economy. It would be ludicrous for us to claim the slightest 
knowledge of comparative health, happiness or general welfare. It is 
every bit as ludicrous for economists, à la the late Julian Simon, to 
conjure up such supposed knowledge.

This brings us back to neoclassical economics, which envisions 
the economy as a circular flow of money. Money flows from house-
holds to firms and back again in circular fashion. The circular flow 
of money is taught in introductory business courses but is roundly 
ridiculed by ecologists for its failure to reflect more than a measly 
amount of reality. It certainly makes tribal life look sophisticated.

The ecological critique of neoclassical growth theory begins by 
noting that the circular flow diagram omits a little detail called the 
ecosystem. The economy, as Daly pointed out, is but one subsys-
tem functioning within the ecosystem at large. The problem with 
the circular flow model in neoclassical textbooks is that it fails to 
even mention the larger system —  the ecosystem —  within which 
the money flows. We could even argue that it is the ecosystem from 
which the money flows (and we will, in the next chapter).
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It is true that many economics texts build upon the simplistic 
circular flow with additional factors and agents. For example, one 
common diagram incorporates the government as a major money 
handler, taking taxes from firms and households and doling out sal-
aries to bureaucrats, among other expenditures. Another diagram 
will show not only the flow of money but also the broad categories 
of how the money is spent. For example, the diagram will show how 
firms procure the factors of production from households, while 
households procure finished goods and services from firms. The 
factors of production are sometimes referred to as capital, labor 
and “raw materials.” The phrase “raw materials” —  natural resources 
coming from the land —  is about as close as the neoclassical model 
comes to identifying the ecosystem as relevant to the economy. In 
a full-world economy, this is not nearly close enough. It’s akin to 
identifying the engine as merely “relevant” to the automobile.

The neoclassical economist might say, “Of course the economy 
exists within the ecosystem; it goes without saying.” The problem 
with this excuse is that, as we saw in the last two chapters, neo-
classical economics does indeed overlook and minimize the rele-
vance of land in the production function. The landless production 
function amounts to the same as overlooking the ecosystem’s role 
in the circular flow of money. This oversight would not have been 
so harmful during the classical era when the human economy was 
like a drop in the ecological bucket, but with bottled water, global 
warming and a burgeoning list of endangered species, isn’t the over-
sight radically and recklessly unacceptable? In a full world, it be-
hooves our economists, students and citizens to emphasize rather 
than trivialize the ecosystem as the foundation, matrix and back-
drop for all economies.

Just as a very basic neoclassical textbook may include the 
simplest circular flow diagram consisting entirely of firms and 
households and the money circulating among them, a very basic 
ecological economics textbook may include a diagram with the hu-
man economy embedded in a very simple ecosystem. Picture, for 
example, a brown sphere labeled “human economy” within a green 
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sphere labeled “global ecosystem.” As the brown sphere grows, green 
space shrinks. 

However, even the most basic ecological economics textbook 
will include one more extremely important component: the sun. 

The sun is the primary source of the energy required to fuel all 
economies, including the “economy of nature” and its human coun-
terpart. Millions of years ago it provided the energy for the photo-
synthesis of plants that eventually decayed their way into becoming 
today’s fossil fuels. Photosynthesis continues today, providing us 
with biomass fuels such as firewood. The sun warms the Earth, too, 
creating thermal currents and generating wind energy. In the pro-
cess of evaporation, the sun “picks up” the water from the seas and 
drops it upstream of dams, thus producing hydroelectric energy. 
The sun also meets our energy needs more directly via solar panels, 
and sometimes even more directly, as with greenhouses. 

The only other significant sources of constantly flowing en-
ergy are the moon and the Earth. The moon generates tidal energy 
with its gravitational pull, while radioactive decay (primarily) con-
tinues to generate heat energy at the Earth’s core. In a sense, we 
have the sun, moon and Earth feeding us energy. As the sustain-
ability thinker David Holmgren pointed out, this is a curious fact 
when considered in the context of our tribal roots. It turns out that 
“Mother Earth, Father Sky, Sister Moon,” are apt metaphors for the 
nurturing support we receive from the natural world. Yet there is 
no need to get “New Agey” about it. The religious call of “caring for 
creation” is probably a more relevant development in the spiritual 
world for saving posterity from an environmental and economic 
train-wreck.21 

On the other hand, there is something well worth noting about 
the relationship of New Age philosophy to neoclassical economic 
growth theory. While classical philosophers and classical econo-
mists recognized limits to economic growth, the current theory 
of perpetual growth touted by neoclassical economists, corpora-
tions and politicians finds its spiritual counterpart in the New Age 
movement. The irony seems outlandish, given the tag “conservative” 
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attached to the most adamant pro-growthers today, but judge for 
yourself: New Age spiritualism is a unique combination of techno-
logical optimism and a concept we might summarize as “mind over 
matter,” whereby “natural resources originate from the mind, not 
from the ground.” New Agers advocate extensive genetic engineer-
ing, “astral traveling” and wispy notions of energy transformation 
that are unabashedly referred to as “magic” or even “alchemy.” The 
New Age movement constitutes a fantasizing, expansionist philos-
ophy of human destiny in which the limits imposed by nature are 
transcended through a change in consciousness. 

Beautiful dreams are still dreams, no matter how beautiful. 
Unfortunately, there is no more scientific basis for the New Age 
 vision than there is for the neoclassical theory of perpetual growth. 
We get a certain amount of energy from the sun’s rays, the moon’s 

Figure 6.2. Mountaintop removal for coal encroaches on one of the few 
remaining homes in what was the town of Mud, in Lincoln County, West 
 Virginia. Credits: Vivian Stockman and Ohio Valley environmental Coalition (ohvec.org)
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pull and the Earth’s core. Various useful forms of energy are de-
rived from each of these sources. In addition to the aforementioned 
wind, wave and hydroelectric energy noted above, we have geother-
mal energy derived from the ventilation of the Earth’s core. Eco-
logical economists refer to these as “renewable” energy because they 
will flow from the sun, moon and Earth for a very long time. 

There are still other, non-renewable sources, and two are sig-
nificant: fossil fuels and uranium. We will consider these, but first 
note that they are moot for economic purposes in the absence of 
sunlight, photosynthesis and the resulting plants required for the 
existence of all animal and human economies. Fossil fuels and ura-
nium may be used to supplement our energy needs, especially in 
the manufacturing and services sectors, but they cannot substitute 
for the solar energy that literally, through photosynthesis, powers 
the agricultural sector at the foundation of our economy. Energy 
income from the sun establishes an absolute upper limit to sustain-
able economic production, an upper limit to gross world product. 

Some will argue that we can eventually replace photosynthe-
sis with another process of food production, a process not requir-
ing sunlight but, perhaps, only heat, so that nuclear power may be 
used instead. Such hog-wild fantasia makes even an ultra-liberal 
New-Age charlatan look like Charleton Heston (the late, ultra-
conservative president of the National Rifle Association.) There 
will be technological developments that increase agricultural effi-
ciency, and probably significant ones yet, but we should not allow 
our society to be seduced into complacency by the lunatic fringe of 
technological optimism.

In addition to the sources of energy, we need to understand 
something of the nature of energy. For this purpose we turn to the 
branch of physics known as thermodynamics. We encountered the 
second law of thermodynamics (entropy law) earlier in the chapter; 
we need only consider the basics a little further to grasp what the 
laws of thermodynamics mean to economic growth. 

Thermodynamics is a branch of physics dealing with the prop-
erties and behavior of energy, especially the movement (dynamics) 
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of heat (thermal energy).22 The first two laws of thermodynamics 
are the important ones for our purposes. The first, phrased in pop-
ular terms, is that energy is neither created nor destroyed. Energy 
doesn’t disappear and the universe has a fixed amount of it.

Energy can, however, be transformed or converted in numerous 
ways, many of which are relevant to economic growth. For example, 
we use wind turbines to convert wind energy to electrical energy. 
We use furnaces to convert the chemical energy of coal into ther-
mal energy. We use bongo drums to convert the kinetic energy of a 
moving drumstick into a form of wave energy called “sound.”

The energy transformation process ecological economists em-
phasize more than neoclassical economists is the process of photo-
synthesis, by which plants convert electromagnetic energy (light) 
into chemical energy with the help of a little water and soil. This 
is the most widespread energy transformation on Earth and sup-
ports virtually all life. Economic growth interferes with photosyn-
thesis because it tends to replace plants with pavement (or other 
less-than-natural features). Not every economic activity precludes 
photosynthesis, but only the agricultural, silvicultural and pastoral 
sectors incorporate substantial amounts of photosynthesis directly 
in the production process. Even in many of these cases, activities 
like poor ranching practices in arid regions result in a negative net 
effect on photosynthesis. 

There is another sort of energy transformation almost as pro-
found as photosynthesis. It was identified by Albert Einstein: “It 
followed from the special theory of relativity that mass and energy 
are both but different manifestations of the same thing —  a some-
what unfamiliar conception for the average mind. Furthermore, the 
equation E is equal to mc2, in which energy is put equal to mass, 
multiplied by the square of the velocity of light, showed that very 
small amounts of mass may be converted into a very large amount 
of energy and vice versa.”  23 

“Very large,” indeed. For example, there are approximately 30 
grams (slightly more than an ounce) of hydrogen atoms in a kilo-
gram (2.2 pounds) of water. Einstein’s formula tells us that convert-
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ing those 30 grams of hydrogen would yield 2,700,000,000,000,000 
joules of energy. This is the amount of energy emitted in the com-
bustion of 270,000 gallons of gasoline!

Because energy and mass are “different manifestations of the 
same thing,” we can restate the first law of thermodynamics: “Nei-
ther matter nor energy are created or destroyed,” although matter 
may be transformed into energy. Apparently energy may be trans-
formed into mass, too, such as when a high-energy photon passes 
near an atomic nucleus and is converted into an electron and a 
 positron. 

In any event, the first law of thermodynamics puts a cap on the 
global economy. The economy cannot be larger than what is made 
possible by the available matter and energy. At first glance this may 
seem like a highly theoretical point, yet it is an extremely important 
point, because it refutes the claim that there is no limit to economic 
growth. The only argument left standing that even resembles the 
no-limit claim is, “There may be a limit to economic growth, but it 
is so far off that we need not consider it for purposes of policy and 
management.” Hopefully, Chapter 1 sufficed to show that the time 
is now to get serious about the limits to growth. If not, the rest of 
Part 3 should do it. 

There is but one other argument remotely supporting the claim 
of no limits, and it goes like this: “Of course there is a limit to the 
production and consumption of goods and services, but there is no 
limit to the value of those goods and services. Therefore, there is no 
limit to economic growth after all.” We shall deal with this reddest 
of red herrings in Chapter 7. For now, a few more observations on 
Einstein’s discovery are in order.

E = mc2 opened a lot of doors, some of hope, some of horror. 
Unfortunately, the doors of hope are still largely theoretical, while 
the doors of horror swung open immediately. If we could pry open 
the theoretical doors of hope, we would enter a world where the 
awesome potential of the atom has been harnessed to do our eco-
nomic bidding and pose little risk to our health. The doors of hor-
ror, on the other hand, were blasted open in the New Mexico desert 
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and the hallways led to Hiroshima and Nagasaki. There is no going 
back, either; only vigilant effort to prevent going further.

Nuclear technology may be used in peace and war alike, but 
we should remember the bomb came first. It wasn’t until the 1950s 
when peaceful purposes of nuclear fission were developed. The 
United States, United Kingdom, Russia, China, France,  Israel, 
 India, Pakistan and North Korea are known to have nuclear 
bombs. Today there are approximately 450 nuclear reactors among 
30 nations. 

When it comes to E = mc2, the United States can’t seem to pry 
open the doors of hope and it can’t seem to guard the horrible 
doorknobs from newcomers such as Iran and Libya. To add to the 
confusion, no one knows for sure what the United States hopes 
to accomplish with its nuclear technology. Self-defense? Or GDP 
growth in an economy that is 85 percent fossil-fueled? Self-defense 
would help justify the American government seeking out and 
 destroying weapons of mass destruction, even if it seems hypocriti-
cal to most of the world. Nuclear-powered GDP growth in a full-
world economy, on the other hand, is actually a threat to national 
security and international stability. 

I came to the subject of energy availability in the 1990s during 
my PhD research. While conducting a policy analysis of the En-
dangered Species Act, I was analyzing the causes of species endan-
germent in the United States, which turned out to be a Who’s Who 
of the American economy.24 It struck me that the constant search 
for more energy to fuel more economic growth would simply lead 
to more endangered species and less biodiversity. As I suggested in 
Shoveling Fuel for a Runaway Train, when you’re riding a runaway 
train you’d be better off running out of fuel, not finding a more 
plentiful source. 

But then, some will say, we could have more powerful brakes, or 
could more quickly straighten the tracks ahead, if only we had more 
fuel to power the brakes or fix the tracks. This is akin to saying 
that, if only the obese had a more plentiful food supply, they could 
devote the extra calories to studying methods of dieting. Surely all 
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that extra food could be used to lose weight! Do you believe it? 
Likewise, more energy for economic growth wouldn’t be devoted to 
applying the brakes. To put it in less metaphorical terms, energy for 
economic growth, by definition, is used for increasing the produc-
tion and consumption of goods and services in the aggregate.

Howard T. Odum, known as “H. T.,” was a brilliant systems 
ecologist who passed away in 2002. He gradually focused on the 
energetic limits to economic growth as his career at the Univer-
sity of Florida progressed. His work on this topic culminated in 
A Prosperous Way Down, published in 2001. Despite editorial help 
from Charlie Hall, Odum’s one-time star pupil and a tell-it-like-it-
is professor at the State University of New York (Syracuse), Pros-
perous Way Down is esoteric and remains somewhat obscure even 
among ecological economists. Odum builds his theory around a 
concept he calls “emergy,” which opens the linguistic door to jargon 
such as “emcalories,” “emjoules,” and even “emdollars.” The basic con-
cept is quite simple, however. Emergy is defined as the energy “that 
has to be used up directly and indirectly to make a product or ser-
vice.”  25 In other words, emergy is the sum of all energy embodied 
in a good or service. It is sometimes referred to as “energy memory.”

A wooden table’s emergy, for example, is equal not only to the 
watts of electricity that ran the table saw and lathe used in forming 
the wooden parts of the table, but also the solar power required to 
grow the tree that produced the lumber. Plus the solar power re-
quired by the ancient life that was eventually fossilized and became 
fuel for the chainsaw that cut down the tree and the electric plant 
that ran the sawmill and the shop tools. And the solar power re-
quired for growing the amount of food that gave the logger, miller 
and furniture-maker the calories to do the work required in the 
production of the table, and so on. Screws, drills and the associ-
ated miners who extracted the metals for screws and drills would 
all be accounted for in a thorough calculation of the wooden table’s 
emergy. 

As with all goods and services, ultimately it is solar energy that 
accounts for virtually all the energy that went into the production 
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of the wooden table. Therefore, Odum invented the term “solar em-
calories” as the common currency of embodied energy. While the 
sun’s supply of energy may seem practically limitless to the neo-
classical economist, Odum’s emergy concept helps to illuminate 
just how energy-intensive, and limited, today’s industrial economy 
is. We can’t keep pumping out higher quantities of goods such as 
 tables, Hummers and Metrodomes, or services such as massages, 
love cruises and Super Bowls using only our annual allowance 
of solar energy. We have to go to the well —  the oil well —  again 
and again, deeper and deeper, burning up the solar energy that 
drenched the earth those millions of years ago, burning up emergy. 
What happens when the well runs down, way down? This is pre-
cisely what Odum’s “prosperous way down” addresses. 

In Chapter 1 we briefly considered the “Olduvai theory” of en-
ergy production, the scary scene in which per capita energy produc-
tion plummets after teetering at the edge of a steep gorge.26 Odum 
held out hope that the social and economic adjustments to a world 
with dwindling oil supplies could occur gradually and gracefully 
enough to be, in some holistic sense, “prosperous.” This “prosper-
ous way down” would entail a gradual return of self-sufficiency and 
resourcefulness to the American lifestyle, with similar adjustments 
required in Europe, Japan and (by now) much of China, plus all of 
the motor-driven megalopolises of the world. For example, instead 
of mass markets of groceries shipped from afar, people would tend 
little gardens and establish little trading cooperatives. 

As I write from the midst of the Washington, DC, metropolitan 
area, where millions of people live in apartments, townhouses and 
condos, and knowing the Atlantic seaboard is increasingly covered 
by such metropoli, I have serious doubts about Odum’s hopeful 
scenario. What we can be certain of is this: assuming a  prosperous 
way down is even possible, it is not going to happen as long as na-
tions are hell-bent on economic growth. Hell-bent nations take 
hand-carts to hell, not prosperous ways down. Virtually by defini-
tion, the prosperous way down will require reduced production and 
consumption of goods and services: less trucking, less packaging, 
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less marketing, etc. In Odum’s terms, this means less em calories per 
foodstuff, less emcalories per wooden table, and certainly less em-
calories spent on Hummers and NASCAR. Lest that word “spent” 
go unnoticed, we are talking about less GDP. 

Odum went so far as to propose a new monetary currency to as-
sist in the ironically named “prosperous” way down: the “em dollar.” 
The amount of emdollars paid for a good (or a service) would re-
flect the amount of solar energy embodied. For example, consider 
the amount of money paid for two tables, each identical in materi-
als, appearance and utility. The first table is produced using chain-
saws, trucks and electric lathes. The second table is produced using 
handsaws, horses and carving tools. In today’s American dollars, 
the first table costs less because with fossil fuels not yet burned up 
by Escalades and NASCAR, chainsaws and trucks are cheap to 
run. Also, much less labor is required to use such machinery than 
to use hand saws, horses and carving tools. We may think of this 
labor as being subsidized by cheap gas.

In emdollars, on the other hand, the hand-sawn, horse-drawn, 
carved-leg table would cost less. There may be more labor required 
to build this table, but the calories burned by the sawyer and horse-
driver and leg-carver are trumped by the enormous amount of solar 
energy embodied in the fossil fuels that run the chainsaw, truck and 
lathe. 

Economists should immediately recognize Odum’s proposal 
as an attempt to advance an “energy theory of value.” Philosophers 
will point out that such a theory proposes that goods and services 
have intrinsic, inherent values. Historians will add that ever since 
Aristotle intrinsic value has been distinguished from “value in ex-
change,” or the worth of a commodity in terms of its capacity to be 
exchanged for other commodities. 

Meanwhile value in exchange is expressed as “price.” What de-
termines price became a major topic of debate among the classi-
cal economists, as we saw in Chapter 3. Adam Smith thought the 
 major determinant of price was utility, Ricardo thought it was labor 
and Marx thought it was the profit motive of the capitalist. Finally 
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the neoclassical economists, led by Alfred Marshall, developed the 
theory that prices are determined in a free market by supply and 
demand at the margin. And for us as consumers, price is an every-
day practical concern as we manage our income and budget. 

Nevertheless, intrinsic properties do have a major influence on 
price. Gold, for example, is highly priced not only because of the 
high demand for it, but because it is rare. The supply is low and the 
effective supply is much lower yet. If all the gold on Earth consisted 
of large nuggets sitting on the seashore, its effective supply would 
be much higher than if the gold were far below the Earth’s surface. 
It would cost much less, too, because it would take much less energy 
to extract. How much do you think an ounce of gold would cost if 
we had to mine a mile into the Earth to find it? Why would it cost 
so much? Largely because of the energy it would take to extract it.

The neoclassical scissors of supply and demand don’t quite cut 
it. It takes energy for the invisible hand to do the cutting. The more 
energy it takes, the less slicing will be done. The invisible hand 
wields its scissors along the paths of least resistance, but lots of 
supplying and demanding takes lots of energy.

In more technical terms, energy requirements are inversely re-
lated to supply. The more energy it takes to extract or otherwise 
produce goods or services, the lower the supply effectively becomes. 
If it took no energy to produce goods or services, presumably sup-
plies would be limited only by the amount of materials required to 
produce the goods and services. Because all goods or services do 
require energy for their production, however, we see there can be 
no such thing as an unlimited supply of goods and services. 

What are the implications of all this to Odum’s work? The 
short answer is that Odum was a utopian if he thought the em-
dollar would be adopted as a medium of exchange in the face of 
 free-  market ideology. In a free market, energy requirements do af-
fect prices because they influence effective supplies, but prices are 
also affected by demand. Emdollars would do a reasonably good 
job of reflecting supply but not of demand. Therefore, the emdollar 
would have to be foisted onto the market, past the invisible hand. It 



Ecological Economics Comes of Age  169

could be done if citizens really, really wanted things priced that way. 
But when entire states such as Arizona require their high school 
students to take courses in “free enterprise” rather than ecology, the 
emdollar won’t make it off page one of Odum’s book.

The long answer, on the other hand, will come out of our strug-
gles to develop the policies required for the grandkids’ security, 
because Odum’s work provides some of the necessary conceptual 
groundwork. We may never adopt the emdollar, but we will need 
to develop other policy tools (for example, higher energy taxes 
in American dollars) that do help us get the prices right. Odum 
seemed a rather wise fellow, and perhaps getting the prices right —  
even if in regular American dollars —  is what he intended all along.

But even getting the prices right isn’t going to save the day with 
economic growth at the crossroads. Proper pricing is a microeco-
nomic approach to a macroeconomic problem. We’re getting there...


