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Preface

There are four books on our shelf that have
the words, more or less, “wealth of nations”
in their titles. They are Adam Smith’s 1776
pioneering work, An Inquiry into the
Nature and Causes of the Wealth of Nations,
and three of recent vintage, David Landes’
The Wealth and Poverty of Nations, David
Warsh's Knowledge and the Wealth of
Nations, and Eric Beinhocker’s The Origin
of Wealth. Warsh’s book is rather support-
ive of current approaches to economics
while Beinhocker’s is critical, but all of
these titles attempt to explain, in various
ways, the origin of wealth and propose
how it might be increased. Curiously, none
have the word “energy” or “oil” in their
glossary (one trivial exception), and none
even have the words “natural resources”
Adam Smith might be excused given that,
in 1776, there was essentially no science
developed about what energy was or how
it affected other things. In an age when
some 80 million barrels of oil are used
daily on a global basis, however, and when
any time the price of oil goes up a reces-
sion follows, how can someone write a
book about economics without mention-
ing energy? How can economists ignore
what might be the most important issue in
economics? In a 1982 letter to Science
magazine, Nobel Prize economist Wassily
Leontief asked, “How long will researchers
working in adjoining fields ... abstain from
expressing serious concern about the
splendid isolation within which academic
economics now finds itself?” We think
Leontief’s question points to the heart of
the matter. Economics, as a discipline, lives
in a contrived world of its own, one con-
nected only tangentially to what occurs in
real economic systems. This book is a
response to Leontief’s question and builds
a completely different, and we think much
more defensible, approach to economics.

For the past 130 years or so, economics has
been treated as a social science in which
economies are modeled as a circular flow

of income between producers and con-
sumers where the most important ques-
tions pertain to consumer choice. In this
“perpetual motion” of interactions
between firms that produce and house-
holds that consume, little or no accounting
is given of the necessity for the flow of
energy and materials from the environ-
ment and back again. In the standard eco-
nomic model, energy and matter are
ignored or, at best, completely subsumed
under the term “land)” or more recently
“capital,” without any explicit treatment
other than, occasionally, their price. In
reality economics is about stuff, and the
supplying of services, all of which are very
much of the biophysical world, the world
best understood from the perspective of
natural, not social, sciences. But, within
the discipline of economics, economic
activity is seemingly exempt from the need
for energy and matter to make economies
happen, as well as the second law of ther-
modynamics.

Instead we hear of “substitutes” and “tech-
nological innovation,” as if there were
indefinite substitutes for matter, energy,
and the environment. As we enter the sec-
ond half of the age of oil, and as energy
supplies and the social, political, and envi-
ronmental impacts of energy production
and consumption become increasingly the
major issues on the world stage, this
exemption appears illusory at best. All
forms of economic production and
exchange involve the transformation of
materials, which in turn requires energy.
When students are exposed to this simple
truth, they ask why are economics and
energy still studied and taught separately?
Indeed, why is economics construed and
taught only as a social science, since in
reality economies are as much, and per-
haps even principally, about the transfor-
mation and movement of all manner of
biophysical stuff in a world governed by
physical laws?



Preface

Part of the answer lies in the recent era of
cheap and seemingly limitless fossil energy
which has allowed a large proportion of
humans to basically ignore the biophysical
world. Without significant energy or other
resource constraints, economists have
believed the rate-determining step in any
economic transaction to be the choice of
insatiable humans attempting to get maxi-
mum psychological satisfaction from the
money at their disposal, and markets
seemed to have an infinite capacity to
serve these needs and wants. Indeed the
abundance of cheap energy has allowed
essentially any economic theory to “work”
and economic growth to be a way of life.
For the last century, all we had to do was to
pump more and more oil out of the ground.
However, as we enter a new era of “the end
of cheap oil,” in the words of geologists and

Vi

peak oil theorists Colin Campbell and Jean
Laherrere, energy has become a game
changer for economics and anyone trying
to balance a budget.

In brief, this book:
Provides a fresh perspective on eco-
nomics for those wondering “what’s
next” after the crash of 2008 and the
near cessation of economic growth for
much of the Western world since then
Summarizes the most important infor-
mation needed to understand energy
and our potential energy futures

In summary, this is an economics text like
no other, and it introduces ideas that are
extremely powerful and are likely to trans-
form how you look at economics and your
own life.

Charles Hall
Polson, MT, USA

Kent Klitgaard
Aurora, NY, USA
July 2017
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Economies and
Economics

Economies exist independently of how we study them.
Consequently, there may be significant differences between how
an actual economy operates and how we study it. In this section,
we will assess how we perceived and taught economics at
various times. We begin with the dominance perspective of
today, neoclassical economics, in chapter one. In the second
chapter, we examine various perspectives from the history of
economic analysis from the 18th to the 20th centuries, focusing
on the diverse theoretical viewpoints from the past, most of
which have little to do with the dominant view of the present.

» Chapter examines the present approach more closely from
the perspective of how well that view is related to actual econo-
mies. It frequently finds the present view severely wanting,
particularly in that it pays little attention to, and indeed is often
inconsistent with, the biological and physical world upon which
it is necessarily based. » Chapter introduces a new, different,
way in which we can examine economies, one that is in fact
based on a proper biophysical underpinning. This approach is
called biophysical economics. We emphasize the critical impor-
tance of energy here. » Chapter adds a social perspective that
is part of, and consistent with, the essential biophysical frame-
work of this innovative approach.

In general, the entire discipline of economics has paid only a very
little attention to energy even though energy was, and remains,
the basis of economic activity and growth. Rather economics has
treated energy as it treats any other material resource: as a
commodity, useful but ultimately substitutable by other com-
modities. Historically, economists focused their efforts upon
capital and labor, and, occasionally, land as the driving economic
forces. However, energy issues lay not far beneath the surface of
economic reality and many economic concepts. Before the era of
classical political economy, English manufacturers had learned to
substitute coal for increasingly scarce charcoal to provide heat for



their processes. In 1784, James Watt patented a steam engine that could provide rotary
motion. The coal-driven industrial revolution was soon to follow. Economies had a new
characteristic: growth. Economists now think of growth as a normal characteristic of
economies, but this is only a relatively recent phenomenon, and it is highly linked to
increasing energy supplies, something that was not characteristic before about 1800.

This book is written by an ecologist and an economist, and part of our objective is to
assess where insights and principles from these two disciplines can be combined to
understand economies and nature, and their interactions, better. While the two disci-
plines may appear very different, we believe instead that the phenomena they study
are very similar in many ways. From a biological perspective, the economies of cities,
regions, and nations can be viewed as ecosystems, with their own structures and
functions, their own flows of materials and of energy, and with diversity and stability.
Human-dominated systems can exhibit many of the characteristics of natural systems.
At the same time, ecology is often referred to as “the economy of nature.” There are
similarities and differences between organisms in nature and people in modern econo-
mies: lions eat gazelles and gazelles eat grasses, trout subsist on insects, and plants
exploit nutrients in soils and space in which to intercept sunlight. Individuals and
groups find themselves in a relentless struggle to increase their energy gains and
decrease energy costs, for their ability to pass on its genes is possible only if it has
managed to acquire a large net energy balance. This is also true for humans, but
humans are different in that we consciously order the labor process and produce for
surplus, rather than for immediate use alone. Producing for surplus dates to the
Neolithic transition from hunting and gathering to settled agriculture.

When first encountering the words “biophysical economics,” most readers probably
asked, “what do those words mean?”The answer is deceptively simple: The word
“biophysical” refers to the material world, that which is usually, but not completely,
covered by courses in physics, chemistry, geology, biology, hydrology, meteorology,
and so on. This can be compared with a “social” or “anthropocentric” (i.e., human-
centered) perspective that characterizes modern economics. In this second perspec-
tive, which is dominant in our society, humans believe that they can make any world,
or set of decisions, or economic systems that they wish - if they can just get the
policies right and enough time has passed for new technologies to come on line. The
subsequent world becomes our new reality and truth.

But we must ask: How do the powerful, governing physical laws, which we are all
prepared to accept in physics, chemistry, and biology classes, operate outside of the
scientist’s laboratory and the “natural” world? Scientists often think of these laws as
imposing constraints on a system. Do these constraints really disappear when human
ingenuity is applied to economics and markets? Most economics textbooks would lead



you to this conclusion, as growth is just a matter of human actions, technologies,
policies, and a healthy dose of ambition. Western culture and its leading commenta-
tors (with a few exceptions such as Joseph Tainter and Jared Diamond) do tend to
elevate personal and social aspects of a problem, specifically, human actors and their
ideas, above any biophysical considerations. Thus, we learn about history as the action
of great leaders; wars, if not always battles, are usually won or lost due to the biophysi-
cal resources that generals can bring to bear. Napoleon once quipped that “God fights
on the side with the best artillery.” There is little debate that the South had the better
generals in the Civil War, but the North had the industrial might. The North won
because of biophysical, not leadership, issues.

Most readers would not argue with the idea that we live in a world that is completely
beholden to the basic laws and principles of science. These basic laws include New-
ton’s laws of motion, the laws of thermodynamics, the law of the conservation of
matter, the best first principle, the principles of evolution, and the fact that natural
ecosystems tend to make soil and clean water while human-modulated systems tend
to destroy both. Do economic systems operate outside of these laws? Did the seem-
ingly unconstrained technological and economic expansion of the twentieth century
show that these laws were irrelevant or at least insignificant when applied to econom-
ics and the satisfaction of human needs and wants?

There is no more important question as we attempt to move beyond the recent
financial trauma of the “Great Recession” and the enduring “secular stagnation.” Unfor-
tunately, the biophysical laws, particularly as applied to energy, are not understood or
appreciated by most people, including most economists. Ironically, our focus on
exploiting and investing energy in the economic process has divorced many people
from the very biophysical realities that are necessary to sustain them. This includes our
ways of building dwellings, living in cites, importing food, being transported and
entertained, and so on while isolating our energy using activities in areas generally
isolated from people’s daily lives. In this book, we examine these issues through an
integrated view of economics that emphasizes scientific principles and a more fre-
quent use of the scientific method. Together these chapters provide the beginnings of
a powerful new way to think about economics.
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6 Chapter 1 - How We Do Economics Today

1.1 Introduction

We start with a definition of economics: it is
derived from the Greek oikos, meaning pertaining
to the household, so economics is the study of
household management Aristotle wrote of this in
his Politics. He believed wise household manage-
ment, even if the household comprises the entire
state, is part of natural law. But for Aristotle, and
those who followed his philosophical lead long
into the medieval period, chrematistics, or produc-
ing and lending money for profit, was unnatural.
Economic thought has changed a great deal since
ancient and medieval times! Curiously, ecology
starts there too, although the ecologist’s household
can often be much larger. If you think about eco-
nomics in your day-to-day life, you are probably
thinking about providing yourself with the neces-
sities of life (and hopefully a few amenities), that is,
the basic stuff you need to survive and, hopefully,
be happy. Often you need to think about the trade-
offs that exist between the choices you have, a ham-
burger and no movie vs. Ramen soup and a movie,
tuition vs. rent or a vacation, or how to budget
whatever financial resources that you have to meet
your needs and wants. Many elderly people of lim-
ited means must consider the trade-oftf between
food and health care. Hence in very basic perspec-
tive, economics is about choice: how much we have
and how we should decide among alternatives. Of
course, economics pays a lot of attention to money;,
and a basic starting point for economic thought is
that almost everything of concern to humans has a
price and can be bought or sold for money. A start-
ing assumption of mainstream economics is that
the value of something is represented by its price.
Many people like to talk about the economy.
You hear them in barbershops and grocery stores,
outside of daycare centers, on the news, at various
political functions, and at the park. People won-
der whether they should spend their money now
or save it for their children’s future. Many people
are passionate about what the proper role of gov-
ernment should or should not be in the economy.
Politicians talk about their economic plans as do
journalists and bartenders. These are all legitimate
ways to think about the economy, but it is not how
academic economics is undertaken. Instead, most
mainstream economists build abstract, highly
idealized, sets of models. But in this book, we
want to do more: we want to capture the essence
of how actual economies operate. To do this we

need to think deeply about what constitutes actual
economies. Many other academic disciplines such
as political science, sociology, or even biology do
not always have a good command of the basics.
We would like to start you off on the right foot
when it comes to the study of economics in gen-
eral and economic theory, reservations. We will
do this here by introducing you in minimum
space to the main concepts of nearly all basic eco-
nomics courses, even though later we will address
some serious issues we have with that approach.

1.2 Supplying Maximum Human

Well-Being Through Markets

Economics courses start with the idea that eco-
nomics should focus on deriving maximum well-
being, as defined subjectively by each individual,
and the resources available to each individual. The
first question is how should an individual spends
his or her money to generate the maximum psy-
chological well-being. The second question is how
should the economy as a whole operate to help
every individual get as much satisfaction as pos-
sible? Although an actual economy is a complex
entity with many facets, mainstream economics
focuses in large part on what is called “the mar-
ket” Markets, as places of exchange and trade,
have existed since antiquity. However, they were
less important in the distant past, because most
production of necessities took place in house-
holds. It was only in the sixteenth century that
markets became a primary way to satisfy daily
needs and a place where prices were formed.
Adam Smith elevated the study of markets in
eighteenth century England to a position of
prominence in an era characterized by agriculture
and small-scale manufacturing. Here farmers
would lay out the leftover vegetables and eggs that
they did not use themselves and trade them for
money to buy other things such as the products of
various smiths or artisans. In these environments
purchasers could take their usually hard-earned
money and carefully choose what was most
needed or desired for their lives without too much
in the way of manipulation or compelling author-
ity. Contemporary mainstream economics
believes that in an almost magical way “the mar-
ket” will generate the maximum possible human
well-being by generating the largest possible
number of most desirable goods and services for



1.3 - Microeconomics and the Process of Self-regulation

each member simply attempting to achieve his or
her own self-interest. In the words of Adam
Smith: “It is not from the benevolence of the
butcher, the brewer, or the baker that we expect
our dinner, but from their regard to their own
interest” [1]. Thus, the basic concept of how econ-
omies are thought to work in a “free market” situ-
ation is that consumers will purchase goods and
services to suit their own conception of the psy-
chological satisfaction each purchase will make
and that suppliers will shift to make what people
want, for that is where they make their own larg-
est profit. As consumers purchase additional
commodities, they will get less satisfaction from
the extra one and shift to another commodity.

Market is often imbued with nearly mystical
power. Former President Ronald Reagan often
spoke about the “magic of the market” [2].
Other ways of thinking about the economy are
rarely, if ever considered. Most mainstream
economists believe that the basic propositions
of economics are true for all places and all times.
The economic relations between people and
nature that exist today existed tens of thousands
of years ago for our hunting and gathering
ancestors. The basic assumption of mainstream
economists is that there wasn’t much difference
between the medieval economy and that of the
present day. Moreover, the future will be like the
present.

Microeconomics and the
Process of Self-regulation

1.3

Part of the reason why contemporary economists
like this basic worldview is that it expresses the
idea that the economy is self-contained and self-
regulating. By self-contained it is meant that the
economy is the primary system to be analyzed. It
is not a subsystem of something larger such as
nature or society. In the mainstream worldview,
all human interactions are economic transactions.
Nature is external to the system and hardly worth
recognition at all. Besides, if necessary, nature can
be easily brought within the economy by “inter-
nalizing the externalities” Such internalization
processes are the subject matter of the emerging
field of environmental economics.

In the view of economists, the second concept,
that of self-regulation, is very important because it
means that an economic system, left to its own

devices, will produce outcomes that are efficient
and equitable, a very desirable state of affairs.
Efficient means that resources will flow to their best
uses and that no one can be made better oft with-
out making another worse off. Equitable means
that market outcomes are fair. Individuals are
rewarded according to their productivity and con-
tribution to society. In other words, the market
knows best. If the market forces of competition
and flexible prices can unfold without some type of
external interference (such as by governments), the
result will be that people’s needs are met and the
economic resources available will be put to the best
use, in terms of satisfying human wants and needs.
This view of economics is perhaps best exemplified
by the words of Voltaire’s Dr. Pangloss (based on
philosopher and mathematician  Gottfried
Leibnitz) that “this is the best of all possible worlds.”
While humans may not be able to fulfill all their
wants and desires due to the limits of their pur-
chasing power, at least by making their own free
choices they will generate the maximum human
psychological satisfaction possible. This has the
added virtue, according to market advocates, in
democratizing decision-making: society will pro-
duce those goods and services that its participants
think are best and most desirable rather than what
might be advocated by someone who “knows best”
for all involved (i.e., centralized planning).

1.3.1 The Primacy of Exchange

In the 1830s, economist Frederick Bastiat declared
that “exchange is political economy.” By this he
meant that the primary subject matter of eco-
nomics should be the ordinary exchange of
money for goods and services. As we will show in
the next chapter, in previous times economists,
then calling themselves political economists,
focused on many processes with a biophysical
basis, such as production, distribution, and capi-
tal accumulation. Economists still treat these
materialistic subject matters, but mostly only
within the context of exchange. The basic belief is
that one can analyze sufficiently the complex
economy just by looking at the processes of buy-
ing and selling. This approach comes replete with
a definition of economics based on relative scar-
city, a conceptual model of the circular flow of
exchange value, and the ubiquitous supply and
demand diagrams.
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1.4 Two Definitions of Scarcity

In the first two centuries of economics, a defini-
tion for economics did not exist. During the Great
Depression Oxford economist Lionel Robbins,
writing on economic methodology, came up with
the most widely used definition of economics. He
contended that economics was the “study of the
allocation of scarce resources among alternative
uses.” His definition itself needs a little explaining.
Allocation means “who gets what” The market
allocates this book to a student of biophysical eco-
nomics, while a pneumatic nail gun may be allo-
cated to a finish carpenter and a tractor to a farmer.
Allocation refers to stuff, most often called goods
and services. Who gets what money is usually
called distribution. The concept of scarcity under-
lies mainstream economics, although it does not
mean exactly what we might first think. It does not
relate to the limited availability of things like fish
or petroleum or clean water. Mainstream econo-
mists rarely deal with such absolute scarcity. If one
thinks about it, today is probably the most resource
abundant time humanity has ever seen, but still
there is scarcity, not to mention enormous pov-
erty. The idea of relative scarcity depends upon the
assumption that humans have unlimited wants,
and any resource would be scarce relative to
unlimited wants. Mainstream economists believe
relative scarcity has existed in all times and all
places. Biophysical economist John Gowdy dis-
agrees. In a marvelous collection of essays on
hunter-gatherer economies, entitled Limited
Wants, Unlimited Means, Gowdy argues that
hunter-gatherer bands were quite different than
we are today. They were radically egalitarian, had
no concept of private property, had few material
desires, and faced a cornucopia of nature relative
to their very modest wants [3]. This was largely
because they were seminomadic, and they had to
carry all their possessions on their backs from one
water hole to another.

How the Structure of the
Economy Is Perceived

1.5

How do economists conceptualize the economy?
The most basic model, one found in the first
chapters of essentially all economic textbooks,
posits two sectors, two markets, and four flows.
The model begins from the perspective of the

Product
Market

Firm

Factor
market

B Fig. 1.1 Circular flow model without leaks or injec-
tions. In this model the factors of production are: Land (L),
Labor (L), and Capital (K). Factor payments are indicated
by: Rent (r), Wages (W), Interest (i), and Profit (). The

top flow from firm to households represents Goods and
Services (G&S), while the top flow from household to firm
takes the form of Money ($)

individual. Individuals have but two identities in
this view of society. People are either consumers,
and are to be found in households, or they are
producers and can be found in firms. Any other
identities people may feel affinity toward such as
race, ethnicity, nationality, or gender are not con-
sidered. And even though real people tend to live
in households and work in firms, in this model
they are only one or the other. Moreover, they
never interact directly with one another. All
human activity occurs indirectly through market
transactions. People either buy or sell. There are
also two markets. The first is the product market
where money is exchanged for goods and ser-
vices. The second is the factor market where the
“factors of production,” that is, land, labor, and
capital, are exchanged for a specific type of money
known as factor payments. Land receives a rent.
Labor gets wages, and capital is remunerated by
profit and interest, depending upon whether one
is an entrepreneur or a financier. Material goods
and immaterial services flow one way, and money
flows the other. What is important is the flows of
exchange value—things humans perceive as valu-
able that can be exchanged for money (8 Fig. 1.1).
Value is equated with price and human relations
that are not captured in buying and selling, such
as the relation between Adam Smith and his
mother, are simply not considered. Neither is the
human interaction with nature. While all goods
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may be relatively scarce, nature imposes no abso-
lute barriers that cannot be transcended by
resource substitution, technological change, or
entrepreneurial innovation.

The circular flow depicts an economic premise
often called “Say’s Law of Markets,” or simply,
“Say’s Law.” [4]. The economy is self-regulating
because the money on the pathway that goes from
household to firm exactly equals the money on
the pathway from firm to household. This is the
simplest, but not the most convincing, explana-
tion of self-regulation. First, it contains no mech-
anism to translate production, consumption, and
spending into forms of income. Second, it requires
that everyone spends all their income on current
consumption or production. Household mem-
bers do not save, and businesses do not invest.
Nobody buys imports, and firms do not export.
No individuals pay taxes, and the government
spends no money. But despite these and other
problems, Say’s Law became an essential corner-
stone of economics. After the severity of the Great
Depression, economists, especially those follow-
ing the trail blazed by British economist John
Maynard Keynes, began to question the idea of
Say’s Law. Consequently, when looking at the
economy, the circular flow model was augmented
to include money that “leaked” out of the spend-
ing stream such as saving, taxes, and spending on
imports as well as money that was “injected” in
the form of investment, government spending,
and exports. If more money leaks out of the sys-
tem than is reinjected, there will not be enough
money to buy all the products firms desire to sell.
This would cause firms to cut back on production
and hire fewer workers. The result is a recession
caused by lack of demand. If more money was

O Fig. 1.2 Circular flow
with leaks and injections
In this model the factors of
production are: Land (L),
Labor (L), and Capital (K).

injected in than leaked out, there would be too
much money chasing too few goods, and infla-
tion, or a generalized increase in prices, may
result. In addition, economic growth depends
upon injections of new investment.

1.6 Supply, Demand, and Their
Theoretical Interaction in

Markets

A focal point of modern economics is the concept
of supply and demand and their interaction to
generate price. Supply measures how many units
of a good or service sellers want to take to the
market, and demand measures how much stuft
consumers want to purchase. Both are a little
tricky, as, for example, more units would be
demanded if the price were lower and fewer if the
price were higher. Likewise, if the price was higher,
more suppliers would be likely to provide more
units to the consumers. A second aspect is that a
large number of things that affect the willingness
and ability to buy or sell have to be held constant
when in the real world they are changing all the
time. But if we did not make these assumptions,
the model would be very cluttered and difficult to
solve even with advanced statistical techniques.
The most important first point to remember is
that in the mainstream view the interaction of
supply and demand determines simultaneously
equilibrium levels of price and quantity. Prices,
especially competitively derived prices, are the
great regulating mechanism of mainstream eco-
nomic theory. Equilibrium, also reflected in
O Fig. 1.2, is also a useful concept. The idea,
appropriated from physics, means a state of rest

Product
Market

Factor payments are indi- Injecting Leaks
cated by: Rent (r), Wages ]
(W), Interest (i), and Profit Investment i House- | ~2ving
(). The top flow from firm Govt Firm hold Taxes
to households represents spending Imports
Goods and Services (G&S), Exports

while the top flow from
household to firm takes the
form of Money ()
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market
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where there is no internal tendency to change. If
the system is perturbed from the outside, it will
return, after adjustment, to the state of rest. It is
derived from Newton’s third law of motion, that
all forces sum to zero, or for every action there is
an equal but opposite reaction. In this idealized
world of economics, prices, if disrupted (e.g., by
an embargo), will return to the original equilib-
rium situation by means of price competition.

Let us begin with the demand curve and a
definition of demand.

Demand measures the willingness and ability
of consumers to buy various quantities of goods
and services at different prices, with all things that
affect this willingness and ability, other than price,
held constant.

For those new to mathematical modeling, one
benefit of constructing models is the ability to
separate cause and effect. This is more difficult if
there are multiple causes, so one trick is to pretend
that things you know are really changing all the
time are constant for the purposes of the model.
To lend even more credibility, we give this simpli-
fying assumption a Latin name, ceteris paribus,
which means all other things held constant. The
use of Latin is meant to or is supposed to impress
you. The definition of demand is a bit of a mouth-
ful, so let us provide a mathematical shorthand:

0, = f(p) ceteris paribus.

This says pretty much the same thing as the long-
winded definition in words: the amount you are
willing or able to buy depends upon the price. If
prices go up, you are willing or able to buy less. If
prices go down, you buy more, as long as every-
thing that affects your willingness to buy, other
than price, is held constant. Graphically, as in
@ Fig. 1.3 changes in price translate to a move-
ment up and down a stable demand curve.

Note, and it is an important note for those
who like technical precision, that a decrease in
prices does not increase demand, and an increase
in prices does not decrease demand in this model.
It is a technical point that a lot of people get
wrong: politicians, newscasters, ecologists, for
example. A change in price can change only quan-
tity demanded. Instead, the only change in one or
more of our assumed constants (ceteris paribus
assumptions) can change demand. You should
commit the following list to memory if you plan
on studying economics formally.

Quantity

O Fig. 1.3 Changes in price lead to changes in QUANTITY
DEMANDED. This is graphically depicted as a movement
along a stable demand curve. Price (P) and Quantity (Q)

1.6.1 Assumed Constants
for Demand

Income and wealth
Tastes and preferences
Price of related goods
Consumer expectations
Number of consumers

If your income increases you are likely to buy
more goods and services. If your tastes change,
say because of advertising, you might buy more of
this and less of that. If the price of a substitute
goes up, you would shift to the good in question
and buy more. If you expect a sale in the future,
you might hold oft and buy less now in anticipa-
tion. More people with money in their pockets, all
other things held constant, will purchase more. A
change in demand is depicted as a shift in the
demand curve (8 Fig. 1.4). If it shifts to the right,
demand has increased, and a shift to the left signi-
fies a decrease in demand.

Supply looks at the market from the seller’s
point of view. The definition is remarkably similar
to that of demand. If you change consumer to firm
and buy to sell, the definition is exactly the same.

Supply measures the willingness and ability of
firms to sell various quantities of goods and ser-
vices at different prices, with all the things that
affect the willingness and ability to sell, other than
price, held constant. Mathematically:
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Price

Quantity

O Fig. 1.4 Changes in assumed constants lead to
changes in DEMAND. The whole curve shifts to the right for
an increase in demand and to the left for a decrease. Price
(P) and Quantity (Q)

Q, = g(p) ceteris paribus, where Q_ is quantity
supplied, g is the functional operator, and p stands
for price. In this case the supply curve has a positive
slope. This means firms will be willing or able to sell
more at higher prices, all other things remaining
constant. Not surprisingly, the list of assumed con-
stants is different, because it affects the firm’s cost of
production instead of consumer preferences.

1.6.2 Assumed Constants for Supply

Technology

Input or resource prices
Seller expectations
Number of sellers

If price changes, the quantity supplied changes
since at higher prices more suppliers will be inter-
ested in selling their stuff (B Figs. 1.5 and 1.6).
This is depicted graphically as a movement along
a stable supply curve. Higher prices bring forth an
increased quantity supplied, while lower prices
mean that sellers will be less willing or able to
bring forth their goods or services, and quantity
supplied declines. If one of our assumed constants
changes, supply changes. Changes in supply are
shown as a shift of the curve. If supply increases
from technological improvement or lower input
prices (e.g., wages, energy, rent), the whole curve

Q, Q Q Q
Quantity

O Fig. 1.5 Changes in price lead to changes in quantity
supplied. This is graphically depicted as a movement
along a stable supply curve. Price (P) and Quantity (Q)

5"

S

Price

Quantity

O Fig. 1.6 Changesin assumed constants lead to a change
in supply. The entire supply curve shifts to the right for an
increase and to the left for a decrease. Price (P) and Quantity (Q)

will shift to the right, so that consumers are
willing and able to purchase a higher quantity at
the same price. If supply declines because of
things like higher energy prices or higher wages,
the entire supply curve will shift to the left.

What is the difference between demand and
quantity demanded and supply and quantity sup-
plied, and why do we stress it so much? Studying
economics is largely about figuring out cause and
effect relations on these graphs. Let us summarize
these causations:
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Causation #1 : change in price leads to changes in
quantity demanded (or Ap >AQ,)

Causation #2 : change in a ceteris paribus condi-
tion of demand leads to a change in demand

(A assumed constants —> AD)

Causation#3 :change in price leads to a change in
quantity supplied (Ap >AQ)

Causation #4 : change in a ceteris paribus condi-
tion of supply leads to a change in supply

(A assumed constants —> AS)

In ending let us say the difference between supply
and quantity supplied, as well as demand and
quantity demanded, can be seen geometrically.
Supply is all the possible combinations of price and
quantity, given our assumed constants. Quantity
supplied is a single point on the supply curve. The
same goes for demand.

1.6.3 Self-regulations and
Changes in the Supply
and Demand Curves

The argument for market self-regulation, which
was analytically broad and rather unconvincing at
the level of the circular flow model, becomes more
cogent once the driving force of price competition
is added to the process. Remember that a condi-
tion of stable equilibrium is that if the state of rest
is perturbed, the equilibrium (original conditions
where supply and demand are balanced) will be
restored by forces within the system. Let us first
consider the characteristics of market equilib-
rium, then two changes that will disturb the state
of rest. The first will be a change in prices. We will
trace the economic problems involved and show
how price competition will restore the original
equilibrium state. Next, we will consider one or
more changes in our assumed constants (ceteris
paribus assumptions) and show how a new equi-
librium condition will emerge.

» https://www.youtube.com/embed/fcx1sd-
9pyKg

We begin our analysis of supply and demand
by assuming that the market is in equilibrium.

D
Q. Q
Q,=Qq
Quantity

O Fig. 1.7 Market equilibrium. At the equilibrium price
quantity supplied = quantity demanded. Price (P) and
Quantity (Q)

Here the supply curve intersects the demand curve.
The higgling and haggling of the market process
has found the one price where the quantity sup-
plied just meets the quantity demanded. At this
price, sellers are willing and able to bring forth to
the market just the right amount of goods or ser-
vices that buyers are willing and able to purchase.
This does NOT mean that supply equals demand.
Since both supply and demand curves represent all
the possible combinations of price and quantity,
the only way supply would equal demand would be
if the curves were superimposed upon one another.
This would be impossible because one curve has a
positive slope and the other a negative (8 Fig. 1.7).

Next, assume that prices increase. The same
action touches off two effects. The increase in price
causes quantity demanded to decline (people will
buy less because it costs more) while at the same
time it causes quantity supplied to increase (suppli-
ers see more opportunity for profit). At prices above
equilibrium (“¢” on @ Fig. 1.8), the quantity sup-
plied is greater than quantity demanded. Economists
call this unstable situation a surplus and believe that
market forces alone will be sufficient to restore the
prior equilibrium. A surplus represents unsold
goods for sellers. To try to get rid of the surplus, sell-
ers will compete by reducing their prices. If one
seller lowers his or her prices, then competitors will
be forced to reduce theirs too. The reduction in
price increases quantity demanded and lowers
quantity supplied, thereby reducing the surplus. If
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O Fig. 1.8 If prices exceed, equilibrium quantity supplied

> quantity demanded and a surplus arises. Price competi-
tion among sellers to get rid of unsold goods drives the
price down toward equilibrium. If price is less than equilib-
rium, quantity demanded >quantity supplied. A shortage
results, and consumers bid up prices to obtain the goods in
short supply. Equilibrium is restored by price competition.
Price (P) and Quantity (Q)

the opposite occurs, and prices fall below equilib-
rium, quantity demanded will exceed quantity sup-
plied. A shortage will ensue causing consumers to
compete with one another by offering to pay more
for the goods in short supply. The higgling and hag-
gling continue until the market, as if by magic, finds
the one price where quantity demanded equals
quantity supplied, where the amount firms are will-
ing and able to sell just equal to the amount that
consumers are willing and able to buy. At this point,
there is no further incentive to change or to raise or
lower price. Equilibrium is thereby restored.
Nothing other than price competition was needed
to restore the balance. At least this is the theory.
Next, assume technological improvement,
such as a new and more efficient use of energy.
Starting from an equilibrium position, the supply
curve shifts to the right because of a change in a
ceteris paribus condition of supply. Relative to the
starting point, the increase in supply results in
lower prices and larger quantities. The resulting
price drop leads consumers to increase their quan-
tity demanded and purchase more at the new,
lower price. This condition, where improvements
in efficiency lead to more, not less, resource con-
sumption is known as Jevons’ paradox. We will
consider it in more detail in the next chapter, but it
helps to understand the market mechanism behind

51

Q & Q
Quantity

O Fig. 1.9 A change in supply drives down equilibrium
price. Consumers are willing or able to buy more at the
lower price, establishing a new equilibrium. Price (P) and
Quantity (Q)

Price

Quantity

B Fig. 1.10 When demand and supply change at the
same time, either price or quantity is indeterminate. Price
(P) and Quantity (Q)

the process. If consumer incomes were to change
along with technology, demand would also rise,
pushing both prices and quantities up. The new
equilibrium would exhibit some uncertainty
because while we could easily say that equilibrium
quantities would rise, it would be harder to be cer-
tain about price. Because increase in supply would
pull prices down, and increases in demand would
push them up. We would need more information
to tell for certain (B Figs. 1.9 and 1.10).
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We will not bog you down in any further
details. If you find this information interesting, or
at least useful, you might want to consult a text-
book in Principles of Microeconomics. Our favorite
is Microeconomics in Context by Neva Goodwin
and her colleagues at the Global Development
and Environment Institute of Tufts University. It
is very well written and represents one of the few
attempts to introduce the limits of nature and
society at the introductory level [5].

1.6.4 Behind the Demand
and Supply Curves

Why does a demand curve have a downward
slope? Is it just because it seems normal to buy
more stuff when it is cheaper or is there something
more sophisticated going on? The answer can be
found in the theory of marginal utility. As we will
see in the next chapter, the idea developed over the
hundred or so years from the 1790s to the 1890s
and depends upon a specific philosophy of human
behavior called utilitarianism. In the 1790s, British
philosopher Jeremy Bentham asserted that
humans had but two emotions: we sought pleasure
and avoided pain. In the absence of pleasure or
pain, we would do nothing. Bentham called the
sense of pleasure, or satisfaction, or well-being,
utility. He believed that the object of a good society
was to provide the greatest good (or level of utility)
for the greatest number. Bentham also thought
that each individual is the best judge of his or her
own pleasure. We can’t say ours is better than
yours. By strict Benthamist principles, Hall could
not claim the joy he feels from his beloved Puccini
operas were better than Klitgaard’s experience at a
Quicksilver Messenger Service concert in San
Francisco. Neither of us could claim that our musi-
cal preferences are superior to the latest hip-hop
compositions that we do not understand com-
pletely.

1.7 Margins and Marginal Utility

At this point, we find it necessary to introduce the
concept of the margin, which will appear repeatedly
in myriad economic contexts. Margins, as defined
by words, always represent the contribution of the
extra, additional, one more, or incremental
Marginal utility is the addition to satisfaction that

results from consuming one more unit of a product.
In terms of mathematics, margins are always the
change in the effect divided by the change in the
cause, or A dependent variable/A independent vari-
able. Marginal utility is the change in the result (sat-
isfaction) divided by the change in the cause
(consumption). But how much does satisfaction
change? Say you have been working clearing brush,
and someone gives you something cold to drink.
The first few sips would give you a great deal of extra
satisfaction. But if you were to drink a gallon, the last
few sips would not be as satisfying as the first. This is
called diminishing marginal utility. The extra satis-
faction from one more unit is less when you have a
lot than when you have very little. Because marginal
utility decreases as we consume more, we would be
less willing to pay for the extra consumption of
goods. Therefore, the demand curve slopes down-
ward. You might realize there are some problems. If
one cannot compare interpersonal utility, how can
one aggregate it? This, and many other mysteries,
awaits you should you decide to take a course in
intermediate microeconomics.

In the 1890s, mainstream, or neoclassical,
economists put the theory of supply on a marginal
utility basis, changing only the names of the vari-
ables but not the analysis. If one input was fixed,
say land or capital, as you added more units of a
variable input like labor to a fixed amount of land
or capital, the amount of extra work would eventu-
ally decline. This is known as diminishing marginal
returns. Each incremental unit of labor produces a
little bit less than the last one. As a result, the cost
of producing the next unit of output increased on
the margin. This rising marginal cost was the basis
of a positively sloped supply curve.

1.7.1 Market Structures

The marvel of self-regulation by means of prices
alone requires something that may or may not exist
in the real world: price competition. Early eco-
nomic models created an abstract world in which
there were so many companies that none could
influence the market price, and none had any tech-
nological advantage. This structure was known as
perfect competition, and it rested upon a set of
assumptions that must be satisfied simultaneously:
1. Alarge number of small firms.

2. Each firm is so small as to not affect the

market price.
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3. Every firm made exactly the same thing
(homogeneous product).

4. All firms had perfect knowledge and perfect
foresight of market conditions.

5. There are no barriers to entry or exit.

These assumptions result in an economy of tiny,
powerless firms that can do nothing except respond-
ing to the price dictates of an impersonal market.
In fact, it would be extremely difficult to com-
pete under these conditions. Indeed, all profits
other than the maintenance of the entrepreneur
(known as normal profit) would be competed
away, and all the benefits would accrue to the con-
sumer in the form of the lowest possible prices. All
outcomes should be “efficient” Resources would
flow to their best use, and individuals would earn
their contribution to the total (not surprisingly,
known as marginal product), no more and no less.
But businesses want to make profits, retain
them and invest them in improved technologies.
As far back as the 1500s, British coal companies
began to monopolize their markets with the pur-
pose of avoiding price competition, largely by
deciding not to overproduce a surplus which
would drive down prices. In the United States,
merger activity flourished in the years after the
Civil War. (We will chronicle the development of
monopoly power in » Chap. 9.) Also, in the chaos
created by the Great Depression of the 1930s,
more and more economists began to question this
idealized world of perfect competition. Economists
in the two Cambridges (England and
Massachusetts) developed theories of imperfect
competition, where firms cooperate for their
mutual benefit, rather than compete with one
another. We will develop this strand of theory
more deeply in the next chapter. Suffice it to say
that these models of imperfect competition, while
far more realistic, cannot produce outcomes char-
acterized by efficiency and equity. Rather they lead
to overproduction, excess capacity, and exploita-
tion. Most conservative economists barely give
these criticisms passing notice, although these are
crucially important factors in the actual economy.

1.8 Macroeconomics

In the early years of the twentieth century, the
ideas of neoclassical economics were extended to
interpret the overall, or aggregate, economy.

The conservative approach of the 1920s,
dubbed “the Classical Model” by John Maynard
Keynes, held that the overall economy behaved on
the same principles of supply and demand as did
an individual firm or industry. It worked as fol-
lows, at least in theory: Starting in the labor mar-
ket, the demand for labor depended upon workers’
marginal products, and an individual worker was
free to choose the number of hours he or she
wished to work by equating the satisfaction of
receiving a paycheck (the marginal utility of the
wage) with the drudgery of the job (the marginal
disutility of the work). The resulting equilibrium
assured the economy would operate at full
employment. Any unemployment was the result
of a surplus of workers, meaning that the price of
labor was “too high” Wage cuts could easily
restore the balance. Say’s Law assured that income
translated into spending while the commitment
to balanced budgets at home and abroad meant
that neither budget nor trade deficits would exist
for more than the short while it took markets to
adjust. Interest rates, or the price of money, would
be set in the market for “loanable funds” Here, the
demand for loanable funds was an inverse func-
tion of interest rates, which produced a downward
sloping curve. The supply of loanable funds would
respond positively to increases in interest rates.
The resulting market equilibrium created an
interest rate that automatically balanced savings
and investment. The economy would run like a
smooth machine provided that no outside entities
like governments or labor unions would disturb
the delicate balance.

This explanation held until the collapse of the
Great Depression. In the United States, “official”
unemployment rates increased to nearly 25% by
1933, and new investment was actually negative.
In other words, more equipment was wearing out
than was being replaced. The banking system col-
lapsed three times between 1929 and 1933, while
international trade dried up under high tariffs
and the banner of “America First” Events were
worse in Europe and far worse in the poor coun-
tries of Africa, Asia, and Latin America. Moreover,
the depression lasted for nearly a decade and
came to an end only with the spending for Second
World War. Out of this chaos, the theories of John
Maynard Keynes gained acceptance. Keynes
accepted most of the neoclassical economics but
rejected Say’s Law and the idea that workers could
choose their own hours of work based on their



16 Chapter 1 - How We Do Economics Today

utilities and disutilities. Because of these, he con-
cluded that a mature, industrialized, capitalist
economy could achieve equilibrium at any level of
output, including one at high unemployment lev-
els. Remember that equilibrium means no inter-
nal tendency to change, so an economy in this
situation would have unemployment rates that
persisted. Unchanging unemployment was a fac-
tor in the rise of fascism in Europe and in the
Bolshevik Revolution. Keynes was determined to
save capitalism from itself in the form of a ten-
dency toward politically untenable levels of
unemployment and perpetual economic stagna-
tion. Keynes believed that the fundamental cause
of a depression was a lack of demand, and more
specifically a lack of aggregate demand. Aggregate
demand is the demand for all goods and service
by all economic sectors and consists of consump-
tion, investment, government spending, and for-
eign trade. If people do not purchase all the goods
and services that are produced, surplus invento-
ries will build up. Falling prices will put even
more pressure on struggling businesses. They will
produce less and perhaps cut wages. But poorer
workers spend less money, and the downward spi-
ral begins. This seemed to explain the recurrent
recessions and depressions that were characteris-
tic of capitalist societies.

Keynes suggested public works programs, and
if those failed he recommended burying money in
bottles and paying people to dig them up. He
thought anything that put money in people’s hand
would be part of the solution. He also wanted to
abandon the gold standard that kept prices, wages,
and profits falling. Keynes also did not believe in
the lockstep of a balanced budget. He reasoned
that if the government ran a deficit, the economy
would expand all the much faster. The cause of the
depression was a lack of demand, and a cure for
the depression was to boost aggregate demand. In
the United States, former Governor of New York
Franklin D. Roosevelt was elected president. He
implemented a program called the New Deal to
relieve the suffering of America’s most vulnerable
citizens and to begin the recovery. Roosevelt initi-
ated many spending programs but also raised
taxes because he also believed in a balanced bud-
get. The recovery was tepid to say the least.
Unemployment never dropped below 13% during
the entire decade of the 1930s.

1.9 Postwar Macroeconomics

The proof that Keynesian economics “worked”
came with the spending for Second World War,
and, as Roosevelt put it, “Dr. New Deal was replaced
by Dr. Win the War” Nobody complained about
big government or deficit spending during the war.
As a result, unemployment dropped to nearly 1%
by 1944. (We will chronicle the specifics of the
postwar experience later in » Chap. 10.) For the
time being, it is safe to say that Keynesian econom-
ics entered the canon of economic theory, espe-
cially for those of us who began studying economics
in the late 1960s. But it was a new, more sanitized
version of Keynes that developed in the United
States. Gone were radical proposals for income
redistribution and calls for the “voluntary euthana-
sia of the rentier class” In its place came a commit-
ment to economic measurement, the “grand
neoclassical synthesis,” and an obsessive focus on
economic growth. Before the Great Depression, the
United States had no consistent method of account-
ing for economic activity. To improve this situa-
tion, Congress commissioned Harvard Economist
Simon Kuznets to improve the economic statistics
available to the nation’s policy makers. Even though
partial, the statistics proved very useful in the war
effort. Fellow Harvard economist Paul Sweezy won
the Bronze Star for his statistical work to enable the
Normandy Invasion on D-Day, 1944. After the war,
the Survey of Current Business began to publish the
“national income and product accounts.” The focus
was upon gross national product (GNP), or the dol-
lar value of all final newly produced goods and
services in the country, as the primary measure of
economic success final goods are those purchased
by the ultimate consumer, and not sold to someone
else. All the components, for example, consump-
tion, investment, government spending, and net
exports, added up to equal the GNP. Both eco-
nomic growth and economic development were
defined as increases in gross national product. In
1948, Massachusetts Institute of Technology econ-
omist Paul Samuelson created the grand neoclassi-
cal synthesis in his textbook, Economics. Here he
argued that the private sector was best at allocating
resources and distributing incomes. The govern-
ment’s participation was needed simply to produce
regular and consistent levels of economic growth.
This could be done by changing directly the levels



1.10 - The Focus on Growth

of government spending and taxation, known as
fiscal policy, or by changing the levels of the supply
of money and the interest rates, referred to as mon-
etary policy. If these policy measures were imple-
mented subtly, economists could “fine-tune” the
economy and relegate recessions and depressions
to vestiges of the past. If unemployment rose too
much to be politically acceptable because of too
little aggregate demand, the government could just
spend more or tax less. The nation’s central bank,
the Federal Reserve, could add to the money sup-
ply and charge lower interest rates. If prices in gen-
eral started to rise because of too much aggregate
demand, the government could spend less or tax
more or make money harder to get and more
expensive. The reductions in money and spending
would simply bring down prices while full employ-
ment was maintained. Life seemed easy, especially
in theory. In the real world, attempts to control
inflation actually increased unemployment, but
British economist A.W. Phillips showed, along with
his famous “Phillips curve,” how the trade-off could
be managed acceptably. The trade-oft was a small
price to pay for economic growth. This was all
predicated on the fact that inflation and unemploy-
ment were mutually exclusive events, at least for
the time being.

1.10 The Focus on Growth

Keynes himself was not particularly focused on
economic growth but upon aggregate demand,
economic recovery, and full employment. However,
his colleague and biographer Roy Harrod did pro-
duce An Essay in Dynamic Theory [6] in the last
year of the depression. Harrod argued that because
of psychological forces, the trajectory of economic
growth would be highly unstable. Any deviation
from the warranted growth path would touch oft
unstable oscillations that he compared to a knife
edge. Eight years later American economist Evsey
Domar published a foundational article that also
showed the path of economic growth to be highly
unstable [7]. He attributed this instability to “the
dual nature of investment” Investment is part of
aggregate demand, and its increase leads to growth
in GNP. However, investment also produces long-
lived fixed capital. If too much capital exists, the
overproduction leads to excess capacity which

reduces growth. Fine tuning was not as easy as it
seemed, although this would not be seen until the
1970s. The best efforts to fine tune the economy in
the 1970s were no match for the peak of domestic
oil production, and the collapse of the International
Monetary Accords. Meanwhile, to the rescue rode
Samuelson’s MIT colleague, Robert Solow. In his
1956 Contribution to the theory of economic growth,
Solow made some technical changes to the produc-
tion function [8]. He accused Harrod of assuming
that inputs were used in fixed proportions. Solow
constructed a series of equations based on substi-
tutable inputs (also known as the Cobb-Douglas
production function) and, viola, the instability dis-
appeared. Solow’s analysis did have the problem of
a large unexplained residual, and we will address
this later in » Chap. 3. In the 1950s, growth theory
consisted of the work of Harrod and Domar. By the
late 1950s, Solow’s approach was given equal foot-
ing. By the 1980s, Harrod and Domar’s work was
relegated to a footnote, and by the twenty-first cen-
tury all reference to their work had disappeared
from the neoclassical literature. What remained
was a theory of economic growth in a frictionless,
perfectly competitive idealized economy. The
model predicted steady growth. Unfortunately, the
actual economy produced stagnation, financial col-
lapse, and severe recession.

As we explain in » Chap. 7, the 1970s were a
challenging time for Keynesian economics. The
international monetary accords, negotiated in
1944 in a grand hotel in Bretton Woods, New
Hampshire, no longer functioned. They were
predicated on economic power at the end of the
war. But post war conditions changed Germany
and Japan caught up, and the costs of a failed
adventure in Vietnam meant the United States
could no longer make good on its promises.
Second, high rates of unemployment and infla-
tion occurred at the same time. Attempts to
reduce unemployment just raised inflation, while
unemployment remained persistently high.
Policies designed to reduce inflation were ineffec-
tive but raised unemployment. Keynesian eco-
nomics could no longer “deliver the goods” On
top of all that, disruptions in the world supply of
oil led to two energy crises in the 1970s. The cheap
fuel that postwar Americans had come to see as
their birthright was no longer cheap. Moreover,
recessions followed every spike in oil prices.
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A more conservative approach began to
emerge. Monetarist economists argued that infla-
tion “always was and always will be a monetary
phenomenon” Too much aggregate demand was
not the problem, too much money was. Fiscal
policy was seen as ineffective, and monetary pol-
icy (money supply and interest rates) began to
rule the policy roost. Wall Street banker Jude
Waninsky devised the idea of “supply-side” eco-
nomics and convinced the newly elected presi-
dent, Ronald Reagan, to change policy. According
to supply-side economics, inflation and unem-
ployment could be solved by increasing aggregate
supply. To do this the cost of regulation and wages
needed to fall. The policy also got a boost from the
decline in world energy prices. Since then, poli-
cies have become more conservative. As we show
in » Chap. 7, supposedly liberal Bill Clinton and
Al Gore reinvented government by reducing its
funding and “ended welfare as we know it After
the 2001 attacks on the World Trade Centers and
the Pentagon, President George W. Bush told the
Americans to “go out and shop” while increasing
military spending and fomenting perpetual war.

In 2008, young Americans came within a
hair’s breadth of experiencing the same type of
depression that their grandparents and great
grandparents did. The response of the Obama
administration was to implement the equivalent
of Herbert Hoover’s plan for the economy at the
beginning of the Great Depression. The Troubled
Assets Relief Program (TARP), patterned after
Hoover’s Reconstruction Finance Corporation
(RFC), poured billions of dollars into the rescue
of banks, while leaving millions of everyday work-
ing Americans dispossessed from their homes.
Government spending for infrastructure projects
was part of an overall stimulus program, and
military spending continued to grow with active
wars in Afghanistan and Iraq. President Obama
actively championed a return to Keynesian eco-
nomics. Efforts at decarbonization were progres-
sive in rhetoric yet small in outcome, as the
administration did not see fit to challenge its
commitment to economic growth for environ-
mental purposes. Its sustainability program
depended largely upon technological change in
electrical generation (wind and solar subsidiza-
tion) coupled with an expansion of hydraulic
fracturing of shale gas and tight oil. What lies in
store for the United States after the election of
Donald Trump remains an open question. One

thing is certain, however. “Making America great
again” will entail a doubling-down on fossil fuels.
What we have presented so far is an introduc-
tion to basic micro- and macroeconomics for those
who have not studied economics formally and a
brief review for those who have. However, the total
discipline of economics does not confine itself to
these limited sets of questions. Over the course of
history, economics has focused on other questions
not usually covered in introductory textbooks. We
will end this chapter by posing these questions and
answer them in an historical context in » Chap. 2.

Question #1
and Value?
We begin our discussion of the main questions
of economics by distinguishing between income
and wealth; throughout the ages, the distinction
has not always been clear. Wealth has long been
seen as an abundance of goods that are available to
a society or to an individual. In preindustrial soci-
eties, wealth was the stocks of what nature
bequeathed us. But as the economy began to grow
and develop, wealth began to be defined as the sum
of what humans produced, in other words an accu-
mulation of the flows of value extracted from
nature. The question as to whether wealth is a stock
or a flow has been debated ever since economic
theory developed, and the resolution has never
been conclusive. The distinction is also compli-
cated by the level of analysis. Most individuals see
wealth as a stock of assets that produce a flow called
income. Economists of the neoclassical era defined
wealth as a stock called capital, while “capital” has
been extended to describe all factors of production.
Ecological economists regularly refer to the stocks
of nature as natural capital. Mainstream labor
economists see their discipline as the study of
human capital. In the end, questions of capital and
income resolve to a discussion of wealth and value.

: What Are the Origins of Wealth

Question #2 How Are Wealth and Value
Distributed?

Some schools of thought find the question of
distribution of the rewards of production to be
fairly uninteresting. Some find it the focal point of
their analyses. In general, classical political econ-
omists found questions of production and ques-
tions of distribution to be interrelated but
analytically separable. Neoclassical economists,
however, found them analytically identical. The
neoclassical theory of production, known as
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marginal productivity, is also the neoclassical
theory of distribution. Marginal productivity
theory stated that each “factor of production”
would receive exactly its additional contribution
to production. John Maynard Keynes, for the
most part, accepted the marginal productivity
theory of distribution, with a few, but important,
reservations. While the theories of distribution
are but peripherally related to energy, they are
sufficiently important to economics to deserve
specific treatment, especially in the neoliberal era.

Question #3 : How Does the Economy Balance
Supply and Demand?

Since the late 1700s, most economists have
focused on the possibility that the impersonal
market forces of competition and flexible prices
could balance the needs and desires of consumers
with those of firms. Adam Smith wrote first of this
possibility although he never drew a supply and
demand diagram. His French popularizer, Jean
Baptiste Say, codified Smith’s vision of the “invis-
ible hand” into “Say’s Law;” which expressed the
idea that the process of producing goods and ser-
vices simultaneously creates the income to pur-
chase them. This is better known as “supply
creates its own demand.” Neoclassical economics
accepted “Say’s Law” as a fundamental part of
their system. British neoclassical economist
Alfred Marshall provided us with the modern
supply and demand schema that we use currently.

Swedish economist Knut Wicksell extended
the analysis to the market for savings and invest-
ment, concluding that the overall economy would
find its equilibrium at full employment. Keynes
disagreed fundamentally with this proposition.
Rather, he argued, the economy could reach equi-
librium at a level of output that was substantially
less than full employment and that it exhibited no
internal tendency to change from that low-
employment equilibrium. Keynes arguments for
governmental intervention in the economy remain
hotly debated today, but there is no question that
the cycles of boom and bust that followed the pub-
lication and at least partial implementation of his
ideas have become much more subdued [22].

Question #4
Accumulation?
While the crucially important subject matter
of economics from the time of the mercantilists
was the accumulation of wealth, the methods of

: What Are the Limits to Capital

dealing with accumulation and growth changed
substantially once the age of abundant and cheap
fossil fuels began. All theorists who wrote in the
age of solar flow developed theories of self-
limiting accumulation. All classical political
economists had growth theories that ended ulti-
mately with society in a nongrowing stationary
state. But after the introduction of cheap oil, the
focus on the stationary state ended, replaced with
the idea of indefinite growth as the result of effi-
ciently functioning markets. However, the transi-
tion from classical political economy to
neoclassical economics also saw a shift from the
concept of long-term accumulation to that of
static equilibrium. A neoclassical growth theory
did not emerge until the 1950s in response to
Keynesian views on the internal limits to growth
and accumulation. As we enter the second half of
the age of oil, we are facing a new set of biophysi-
cal limits that interact with the internal limits
found largely in the investment process. To
address the role of biophysical limits adequately,
we first turn to the historical perspectives on the
internal limits to accumulation.

Question #5
Government?
Classical political economists stood for a lim-
ited role of government. These limited roles are
embodied, in fact, in the US Constitution.
Governments should maintain property rights,
enforce contracts, protect the nation from domes-
tic and foreign enemies, and provide public goods.
They should not intervene in market processes or
regulate prices. Instead the invisible hand of the
market would be sufficient to translate individual
self-interest into social harmony. Say’s Law
assured that the overall system would balance at
full employment without the need for govern-
ment direction. Thus, our constitution reflected
the dominant economic thought of the time.
Neoclassical economists too accepted this
proposition and translated it into mathematical
propositions. The Walrasian core of neoclassical
economics asserts that individual exchange based
on self-interest (in the form of equal marginal
rates of substitution among trading partners) will
satisfy not only the traders but result in the gen-
eral equilibrium of the system at a point where no
individual can be made better off without harm-
ing another. Prices serve as perfect carriers of
information, and any intrusion of the government

: What Is the Proper Role of
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into market processes will distort the markets’
price signals and simply make system not work.

Keynesian economics takes a very different posi-
tion. The private operation of markets periodically
produces insufficient demand, and government
action is needed to provide sources of demand that
the private sector cannot do profitably. Although
Keynes himself believed in the necessity for plan-
ning in the long term, there is little in Keynesian
economics that justifies government intervention in
the internal mechanisms of production and profit-
making itself. Nevertheless, an increasing number of
economists and politicians “bought into” govern-
ment intervention as Keynes had suggested. For
many decades, from roughly 1930 through 1973,
Keynesian demand management, or something like
it, helped propel a long wave of economic growth
that seemed to work extremely well as the US gov-
ernment pumped more and more money into the
economy in both war and peace and as the economy
grew steadily year after year. Few paid attention to
the fact that this was also an era of expanding sup-
plies of cheap oil, which was, according to econom-
ics, “just another commodity”

But after the peak of US oil production in 1970,
long-term prosperity gave way to long-term stag-
nation amid rising prices and a disenchantment
with Keynesian economics and its attendant
requirement for government intervention. This,
and other factors, led to a return to political and
economic conservatism in the nation accompanied
by a conservative resurgence in the economics pro-
fession. Neoclassical economists were back in the
saddle emptied of Keynesians and legislation
reflected their free market orientation. One can
argue, however, the long-term result of these
“reduce government intervention” policies resulted
in the near financial collapse in 2008. The election
of 2010 seemed much like a contest between two
sets of policies, neither of which worked in the
recent past. Subsequent austerity programs such as
those in Greece have led not to prosperity but to
continued stagnation and increased human misery.

Question #6 : What Is the Role of Money?

What is money and why does it play such a key
role over economic activity? Over the course of his-
tory, economists and philosophers have look at
money from various perspectives. Is it “the root of all
evil?” Is money something simple like a medium of
exchange, or is money bound up with cultural iden-

tity and national sovereignty? Where did money
come from, and how has its different uses over time
affected how scholars have theorized about it? What
is the relation between money and debt? Should
money necessarily be backed by some precious
metal, or is paper money backed only by the produc-
tivity of the economy and the stability of the govern-
ment’s promise to repay its debts? Can one adequately
control an economy by adjusting the amount of
money that circulates, or does money play a rela-
tively minor role in overall economic performance?
Is money merely a lien on energy, or is it far more
complicated? Economists have struggled with these
questions since people began to use and write about
money. Not surprisingly, different schools of thought
have different emphases and outcomes.

Historically, money mostly took the form of
debt. Cuneiform tablets, one of the first forms of
writing, were actually records of debts. Metallic
money, stamped with the ruler’s image, arose with
the military. Precious metals were an effective way
to pay soldiers [7]. Today money is mostly debt.
Most of the developed world went off the gold
standard in the Great Depression of the 1930s,
never to return to it. In the post-Second World
War era, the US dollar replace gold as the interna-
tional currency, and gold was demonetized
domestically. Currency is now just the debt of the
Federal Reserve System, our nation’s central bank.
Moreover, most of our money supply consists of
checks, which are merely the debt of private
banks, and monetary policy is simply a matter of
a central bank enabling or restricting the com-
mercial bank’s ability to create additional debt.
But the debate rages on as to whether money
drives the economy, or economic activity deter-
mines the amount of money in the system.

Over the course of time, money has fulfilled
several roles. Money serves as a medium of
exchange, as a readily acceptable way to trade
goods and services whose use values are not simi-
lar. Money can also be a unit of account. When
asked “how much is that worth,” most people give
monetary value, rather than the number of labor
hours it took to produce or acquire or the emo-
tional attachments between humans that the good
or service represents. Money may be a store of
value. That is why many people fear inflation. It
reduces the stored value in money. Unfortunately,
the different uses of money are not always served
equally well by the same currency. Economist
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Richard Douthwaite lists several questions that
should be asked to figure out how well money
functions for its different purposes:

1. Who issued the money? Many beginning
students are surprised that most of our
money supply is the debt of private banks and
not the government.

2. Why did they do so? Most often a bank, like
any private enterprise, does so in order to
earn profits for their shareholders.

3. Where was the money created? Was it a national
currency, a regional money like the Euro, or a
local currency like Ithaca dollars or Berkshares?

4. What gives money its value? Is it backed by
something like a precious metal or simply the
promise to accept the money for payment?

5. How was the money created? Did people go
into debt for a central organization like an
international bank, or was it a system for debt
and credit at the local level?

6. When was the money created? Was it a
one-time event or an ongoing process?

7. How well does it work? Does money meet all
three goals?

Douthwaite argues that a single form of money
does not fulfill all its functions equally well and
advocates different currencies for different pur-
poses [9].

1.11 The Need for Biophysical

Economics

The ability to live well within Earth’s limits calls for
fundamental change, and mainstream economics
is not designed to guide such system-level trans-
formations [10]. Consequently, economics as is
taught today leaves out several crucial factors. It
neglects the fact that all work, including economic
production, is driven by flows and stocks of energy.
Yet energy is not part of the model that sees instead
a circular flow of exchange as the primary system.
In addition, the turn toward political conserva-
tism and belief in self-regulating markets has
caused economists to return to the ideas of Say’s
Law and perfect competition. But the real world
contains monopolies, non-price competition, and
great inequities of political power. While econo-
mists emphasize growth, the economy produces
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long-term, secular stagnation, whether or not the
theories recognize this. We need a theory that
acknowledges both the biophysical limits of nature
and the internal limits to economic growth. Much
of the rest of this book does that.
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2.2 - Surplus and Scarcity

2.1 Introduction

This chapter assesses earlier economic theories
from an energy perspective, where that is possi-
ble. We also make the case that although econom-
ics has not dealt with energy very explicitly, the
discipline has addressed many other important
issues that help us today to understand just how
energy operates within economies as well as pro-
vide a number of interesting and important per-
spectives on economies that are not related to
energy. The purpose of this chapter and the next
three is to utilize the insights and the methods of
prior economic schools of thought to build a new
theory that explains actual economies much bet-
ter while addressing energy and biophysical limits
to human activity far more explicitly than does
mainstream theory.

2.2 Surplus and Scarcity

Economists through the ages usually have com-
menced their discussions of value, distribution,
and growth from two fundamentally different
starting points: relative scarcity and economic
surplus. Before the age of fossil fuels, economic
theory was based on the premise that nature lim-
ited the flow of resources; in other words, there
was an absolute scarcity of economic goods and
services. After the 1870s the physical limits
became much less important because of the con-
centrated power of fossil fuels. Questions of the
biophysical means by which the wealth was gen-
erated simply fell off the radar screen of econo-
mists. The focus of analysis shifted instead to
that of relative scarcity: that is, of individual sub-
jective choices while facing limited access to
money. The theory depended upon the assump-
tion that individual humans were acquisitive and
rational beings whose desire for more material
goods as the source of happiness could never be
satisfied and for whom the desires and prefer-
ences of others were irrelevant. No level of out-
put, no matter how abundant, could ever satisfy
tully these unlimited wants. It is a psychological,
not a physical, problem. From this perspective,
the clash between limited means and unlimited
wants is the economic problem. This view of
scarcity as the starting point of contemporary
economics underlies the usual formal definition
of economics as we gave in » Chap. 1.
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The discussion of economic surplus begins with
the premise that society can produce more than it
needs for subsistence by organizational and techno-
logical means. Access to energy is rarely mentioned
but lies beneath the surface. Stated simply, an eco-
nomic surplus is the difference between society’s
economic output and the cost of producing it. The
surplus approach relates to Polanyis substantive
definition of economics. In the 1960s, Karl Polanyi
wrote and edited a collection of essays on ancient
economies, where market-forming prices had little
to do with how things were distributed. In Trade
and Markets in Early Empires, Polanyi and his col-
leagues realized that markets dated back to antig-
uity, but that price-forming markets are a
contemporary phenomenon. His point was that if
one looked at ancient societies through the lens of
modern, price-forming, markets, one was likely to
miss more than they might discover. In order to
understand the ancient economy Polanyi offered a
substantive definition of economics. We believe that
this definition is also an excellent starting point for
the integration of energy and human society into
economics. “The substantive meaning of economics
derives from man’s dependence for his living upon
nature and his fellows. It refers to the interchange
with his natural and social environment, insofar as
this results in supplying him with the means of
material want satisfaction” [1]. » Chap. 1: In other
words, the substantive Definition focuses on how
human beings transform Nature... how human
beings transform nature to meet their needs. Nature
was seen to be abundant. Most economists of the
classical period treated it as a “free gift” Economists
of the pre-fossil fuel age relied primarily on the eco-
nomic surplus approach. But by the 1870s came the
dawn of the fossil fuel era, the industrial revolution,
and the consumer society. For economists, the basic
starting point for thinking about economics could
be reformulated from producing an economic sur-
plus to exchanging commodities that were relatively
scarce without thinking much about how products
came into being. At the same time, the analytical
focus changed from social class to the individual
and from an objective accounting of the costs of
production to the individual valuation of subjective
well-being or utility. The goal of economics became
one of figuring out the optimal allocation of
resources to best meet human psychological desires.
In other words, economic theory was transformed
from focusing on obtaining more from nature into
an exercise to figure out who gets the goods and
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services and how goods and services best enhance
subjective well-being. According to the new neo-
classical economists, the answers were to be found
in the magic of self-regulating markets where indi-
vidual pursuit of self-interest led to social harmony.
While this concept was derived from the earlier
writings of Adam Smith, it was augmented by
mathematical “proofs” appropriated, or better mis-
appropriated, from energy physics. Meanwhile new
research in behavioral economics shows that there
is little empirical evidence to indicate that human
beings actually behave in this “self-regarding” way.

23 Economic Surplus as Energy

Surplus

Economists of the seventeenth through the nine-
teenth centuries did not, in fact could not, focus
explicitly upon energy as a source of surpluses
because the formal concept of energy did not yet
exist. Nevertheless, the ability to extract an energy
surplus from solar flow or terrestrial stocks forms
the basis of economic production and surplus.
Contemporary energy analyst Richard Heinberg
provides a framework by which to assess the eco-
nomic roles of such energy surpluses [2]. He
argues that throughout history humans have
engaged in five strategies to expropriate energy:
takeover, tool use, specialization, scope enlarge-
ment, and drawdown. Takeover was the primary
method of early humans, as we appropriated more
of the solar energy flow for ourselves by diverting
a portion of the Earth’s biomass from supporting
other creatures to supporting humankind. Our
ancestors took over land to grow crops, first as
horticulture and later as agriculture, the growing
of field crops at the expense of other species.
Agriculture turned a complex ecosystem into a
simple one. Plants that grew where they were not
useful to humans were weeds. Animals that com-
peted for the food were pests. As humans migrated
from Africa to the far corners of the world, they
took over more and more biocapacity, often dis-
rupting the natural balance. Everywhere humans
have gone large mammals have disappeared. The
rapid release of chemical energy known as fire
aided the process of acquiring energy surpluses.
Pioneering biophysical economist Nicholas
Georgescu-Roegen termed this a Promethean
innovation, which was truly species altering. The
only other Promethean innovation was the steam

engine. In addition, humans enhanced their abili-
ties to harness the solar flow by domesticating
certain animals which could provide more motive
power than the biomass necessary to feed them.
Heinberg’s second strategy was that of tool use.
Humans have long-used tools, for tools can aug-
ment the takeover of energy from other species
and other societies to expropriate ever-increasing
amounts of energy from the biophysical system.
Specialized tools called weapons aided our ability
to concentrate energy in spear points and hunt
more effectively, as well as expropriate energy
from other societies. Tools have evolved from
those that required only human energy for their
manufacture and use, such as spear points, to
those that use copious amounts of energy and
exotic materials from external sources for their
manufacture and use, such as the internal com-
bustion engine. As the energy surplus rose to a
sufficient level so that not all members of society
had to work constantly simply to provide ade-
quate food, humans could begin to specialize on
activities such as toolmaking or soldiering. All
hierarchical societies that support people who are
not immediate producers of crops depend upon
this. Increased agricultural productivity could
now support classes of artisans, aristocrats, and
intellectuals who could better design and build
tools and improve social organization designed to
capture even greater amounts of energy. All classi-
cal political economy, from the French physiocrats
to Adam Smith, acknowledged the role that spe-
cialization played in determining wealth and
value. Howard Odum talks of all kinds of natural
and human-dominated systems “self-organizing”
to generate “maximum power” From this per-
spective, humans are not doing anything that
other organisms don’t do; they are just “good” at it
because of their technologies which are now sup-
plemented with the “large muscles” of fossil fuels.
Another strategy of energy appropriation was
that of scope enlargement or the transcendence of
limits. Justus von Liebig found that the limiting
factor in the carrying capacity of any biophysical
system, especially agriculture, was the factor or
input least available relative to the needs of the
growing plants or other ecological units. This
limit could be pushed back by appropriating the
biocapacity of other regions through conquest or
trade. Mercantile doctrine rested de facto upon
the foundation of acquiring the solar energy sur-
pluses of other regions. The practical aims of
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traders were later codified by David Ricardo into
the doctrine now known as comparative advan-
tage. The benefits of trade result from enlarging
the scope of the energy would be shared by all
traders. Industrial society depended upon the
ability of urban industrial centers to appropriate
the biomass of rural areas in terms of food and
wood for fuel. Unfortunately, many of the nutri-
ents that would have been returned to the soil in
the countryside built up as waste in the city.
Ecologist Justus von Liebig himself referred to
this system of commercial agriculture as “rob-
bery” [4]. Scope enlargement also entailed the
stealing of solar surpluses from others through
war, exploitation, and colonization largely to pro-
vide and enrich the treasuries of dominant pow-
ers at the expense of the conquered and colonized.

The last and most successful strategy for
increasing carrying capacity that Heinberg
describes is that of drawdown. Drawdown began
occurring when we were able to change from liv-
ing on steady solar flows to tap nonrenewable
stocks of fossil fuels, particularly those of coal, oil,
and natural gas. Drawdown was enabled by the
development of sophisticated tools and greatly
enhanced the previous strategies. With drawdown,
humans could appropriate nature sufficiently to
support a much higher population at a greater
standard of living for a fraction of the population.
At the beginning of the age of fossil fuels, around
1800, the world’s population stood at approxi-
mately one billion. Since then the world supports
more than seven times that number. Half of that
increase came in the past 50 years following the
“Green Revolution” when plant breeders com-
bined hybrid grains with energy-intensive input
packages of fertilizers, other agrochemicals, irriga-
tion, and cultivation. While the benefits of
increased yields were extended to a broader seg-
ment of the world’s population, not everyone
enjoys food security. There are about 800 million
hungry people in the world today.

Heinberg also points out three dangers of the
drawdown strategy. First, drawdown of fossil fuels
creates pollution. This can take the form of pollut-
ants such as sulfur dioxide and nitrogen oxides
that foul the air and acidify the soils and water
supplies. Runoff from lands treated with nitrogen
and phosphorus fertilizers creates “hypoxic dead
zones” in areas such as rivers, lakes, and the
mouth of the Mississippi River in the Gulf of
Mexico. Secondly, the pollution can take the form
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of carbon dioxide emissions, whose increasing
atmospheric concentration are seen by the broad
consensus of scientists as the primary driving
force of climate change. Finally, terrestrial stocks
of fossil fuels are finite. At the beginning of the
twenty-first century, we are at or near the global
peak use of these fuels, especially oil. As they
become less available and more expensive, societ-
ies dependent upon them will undergo dramatic
transformation with potentially grave economic
as well as social consequences [3].

As we approach the limits to the drawdown of
nonrenewable stocks of nature, the idea that we
can satisfy human needs and economic priorities
by producing and consuming ever greater quanti-
ties of material goods should become a matter of
inquiry rather than of blind faith. In the post-peak
years, we will need to confront the distinct possi-
bilities of absolute scarcity and the diminished
capacity to appropriate surplus energy. We need
to revisit and reexamine the questions economists
have asked for centuries.

24 The”Big Es”

Through the ages, different schools of economic
analysis focused on a different “Big E” Each of
these can be considered as a social construct, a
way of thinking about how people integrated with
the economy and with nature. The mercantilists
organized their thought around a better under-
standing of exchange. How could political econo-
mists help change the laws in order to facilitate
expansion of commerce and regulation of trade?
Classical political economists directed their
efforts toward economic policy. For them the
object of economics was to inform policy makers.
The physiocrats wanted to reform French agricul-
ture and encourage large scale production of
commercial crops. Adam Smith focused on the
elimination of mercantile trade restrictions, while
David Ricardo wanted to raise taxes on the aris-
tocracy and facilitate further the trade in food and
industrial commodities. Thomas Malthus, on the
other hand, wanted to subsidize the aristocracy.
Both Ricardo and John Stuart Mill were elected to
parliament where they argued effectively to
change economic policies. The theories of Karl
Marx were grounded in the exploitation of labor
and the recapitalization of surplus generated by
workers and fossil fuel-driven machines.
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Neoclassical economic theory revolves around
efficiency and equilibrium, concepts appropriated
from physics. Their fundamental belief is that the
economy could be analyzed separately from the
rest of the society and that an economy would tend
toward a state of balance without intervention
from political agencies. The “Big E” for Keynesian
economies was employment. Keynes genius was to
realize that equilibrium could occur at any level of
employment, including very high and politically
unacceptable levels of unemployment. Keynes
advocated the use of the government to insure the
economy balances at high levels of employment.

Institutional economics starts with the pro-
cess of evolution. The current professional soci-
ety of institutional economists is called The
Association for Evolutionary Economics (AFEE).
Institutionalists such as Thorstein Veblen and John
Commons rejected the mechanical analogies of
neoclassical economics and looked primarily at the
evolution and structural changes in economic and
institutions. For ecological economists, the main
contribution was that of embeddedness. Ecological
economists embed a growing economy within a
finite and nongrowing ecosystem and sometimes a
social system as well. Finally, biophysical econom-
ics starts with analysis of the flows of energy and
analyzes how changes in the quality and availability
of energy shape economic activity.

2.5 The Present as History [4]

We should study history as more than just idle
curiosity. The lessons of history may provide valu-
able lessons for the problems of today and tomor-
row. Studying history, in our opinion, yields a
more sophisticated understanding of how we
arrived at our current state of affairs, just as unify-
ing social and natural science approaches allows a
better understanding of an economy that is
embedded in society and in nature.

We will need a new set of economic theories for
the second half of the age of oil: theories that neither
treat “Natures Bounty” as a free gift nor posit
resource endowments that appear magically as
“manna from heaven” Moreover, we must contend
with the problem of limits to growth. In the past
humans transcended the boundaries and limits
imposed by nature largely by the application of
increasing quantities of cheap fossil fuels. But the era
we are entering will most probably see the end of

this. As high-quality fossil fuels increasingly run
short, and the use of all carbonaceous fuels compro-
mises our atmosphere and other natural systems,
the specter of living within our means while protect-
ing our home becomes more and more difficult.
This is likely to mean the end of the growth economy
and will cause us to reconsider the meaning of tech-
nological change. As we do this, and as we begin to
develop new economic theories appropriate to a
new age, we need to consider that many important
questions and insights exist in the writings of the
economists of the past. Thus, we examine next the
most important ideas of earlier economists.

As we trace the origins and development of what
we call economics today, we will return to the six
questions identified in » Chap. 1 again and again.
We will also introduce the concept that we see each
of these questions as being in large part about energy.
Even though the questions asked by economists
tended to remain the same over time. The theoreti-
cal emphases, methods of inquiry and analytical
vision were so fundamentally different from one
time to another that economic theory can be divided
into six distinct periods and “schools of thought”

2.6 Schools of Economic Thought

The different schools of thought often asked simi-
lar questions but had very different visions of how
the economy worked. They directed their writings
toward different purposes and used very different
analytical methods. We now ask how each
approached the main questions of economics.

2.7 The Mercantilists

Before the European flowering of exploration and
commerce in the late fifteenth century, day-to-day
life changed slowly in the medieval era. European
society was organized around the manor and a
strict hierarchy with the church and the landown-
ers at the top, a tiny class or artisans and merchants
in the middle, and a landless peasantry constitut-
ing most of the population. Church doctrine and
economics writings were dedicated to keep life
from changing. For the scholastics that shaped the
ideas of the medieval days of feudalism, the ori-
gins of wealth lie in the land, specifically with the
ownership of the land. Those that owned and con-
trolled the photosynthetic capability of the land
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were wealthy. Those that did not own land were
not. The nobility and the church owned the land,
and the elaborate principles of medieval law served
to concentrate land ownership. Primogenitor
demanded that all land was given to the first-born
son. Daughters of landowners were expected to
marry sons of other landowners. The ban on usury
prohibited merchants from acquiring wealth
through the charging of interest, and profits by
means of trade were limited by the “just price”
which covered only the costs of production, trans-
portation, and the return necessary to keep one in
“their station in life” Social mobility was a mortal
sin. The peasantry, known as serfs, labored pri-
marily in the fields of their feudal lords having but
1 or 2 days per week to till the Commons for their
own subsistence needs. All paid taxes to the nobles
and tithes to the church.

After what historian Barbara Tuchman calls
“the calamitous fourteenth century;” the thousand-
year stability of feudalism began to fracture, and
by the beginning of the sixteenth century, the mer-
chants, much reviled by the nobility and the
church, began gaining control of society. Wealth
was in new hands that found new uses for it. Art
and music prospered and proliferated as did com-
merce. The age of exploration ushered in the age of
long-distance trade as well as the Renaissance. The
forests and mines of the “New World” augmented
the long-depleted stocks of the old. The writers of
the new mercantile period began to redefine the
meaning of wealth, from control over land and its
biomass to accumulation of “treasure” or stocks of
precious metals. This was the essence of mercantil-
ist “economics” By the middle of the seventeenth
century, thought on how best to accumulate wealth
changed from the treasure itself to the gains made
by trade. Treasure, and therefore wealth, would
flow to those nations which achieved a positive
balance of trade. As much money could be made
in control of shipping and customs as could be
made mining and refining the treasure itself.

It is important to think about the six key ques-
tions from the background of the various domi-
nant economic “schools” of thought as they evolved
over the history of economics. The first identifiable
school of economic thought was known as mer-
cantilism, which was grounded in the economics
of long-distance trade. Mercantile doctrine took
the form of pamphlets written primarily to justi-
fying the expansion of trade. Although their aims
and purposes were practical, mercantilist writers
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did make advances in questions such as the ori-
gins of wealth and value and the accumulation of
capital. In many ways, mercantilism was primarily
about takeover and scope enlargement.

Mercantilist writers were most often practical
business people, not academics. The most famous,
Thomas Mun, was a director of the British East
India Company. All defined the purpose of the eco-
nomic endeavor as the accumulation of treasure in
the coffers of the nation state. Mercantilists, not sur-
prisingly, took the position that the origin of value,
or price, lay in the process of exchange, and they
meant to control the terms of that exchange. Their
primary mechanisms were colonization, commer-
cial treaty, and war. For most of the sixteenth cen-
tury, the British battled the Spaniards for control of
New World colonies. The seventeenth century was
spent engaged in rivalries with the Dutch for con-
trol of colonies in the East Indies as well as the
Caribbean, while the eighteenth and early nine-
teenth centuries saw the prolonged conflict between
the British and the French. Mercantilists demanded
the aid of their governments in determining the
terms of trade. The British Parliament passed a
series of restrictions (the Navigation and Trade
Acts) to assure the positive balance of trade, at the
expense of their mercantile rivals and the colonies
themselves. By the time that Adam Smith penned
the original Wealth of Nations, British supremacy
was in sight. With the triumphant end of the last
mercantile war against Napoleon on June 18, 1815,
the world settled down to a long peace but a peace
on British terms—Pax Britannica.

Mercantilist writers were primarily interested
in changing policy to enhance their accumulation
of treasure. Few spent any time pondering the his-
torical origins of wealth. Early mercantilists, some-
times known as bullionists, took the position that
trade was a pump for wringing gold from a domes-
tic economy. This argument made some sense
when a nation exported raw materials, based on
the appropriation of solar flow and for which there
were many substitutes, and imported finished
goods, based on the harnessing of human energy
supplemented by the power of wind and water, for
which there were few. The terms of trade, or ratio of
export prices to import prices, were against the raw
material exporter, and they suffered from declining
terms of trade. In this case the accumulation of
wealth is served well by the restriction of trade.

By the end of the sixteenth century, however,
England had become a manufacturing nation and
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was exporting its products to Europe and to the
world. Mercantile thought then turned to crafting
an argument that justified the expansion of trade as
the primary mechanism to augment a nation’s stock
of precious metals. The most widely recognized
tract of high mercantilism was England’s Treasure by
Forraign Trade, written in 1630 by Thomas Mun
and published, after his death, in 1664. Mun’s pri-
mary purpose was to persuade legislators to abolish
the ban on exporting gold. He argued that the
export of gold could facilitate the accumulation of
treasure if that export led to a positive balance of
trade or the excess of exports over imports. To
accomplish this goal, Mun and his followers advo-
cated state policies of the regulation of trade. While
the mercantilists stood for the expansion of trade,
they were not advocates of free trade.

At that time, the ability to extract an energy sur-
plus was limited by the lack of concentrated energy
sources. The ability to extract solar flow and turn it
into products with economic value could be
enhanced only by organizational change, primarily,
in the form of plantation agriculture and slave labor.
Mercantile doctrine contained no insights as to how
to reduce the costs of production, other than the
encouragement of the carrying trade, which aided
the gains of the trade itself and the accumulation of
treasure. Ships were constructed from wood (bio-
mass) and powered by the solar flow of the winds,
which may or may not have blown in the desired
direction at the desired speed. Yet speed and ton-
nage improved in the mercantile period. Mercantile
doctrine was a matter of scope enlargement by
means of expanded trade. As much money was to
be made in transportation as was to be made in the
initial appropriation of the embodied energy in
crops and precious metals. But expanded and
speedy transportation was limited by energy avail-
ability. Trade, in the mercantile era, was a dangerous
and slow endeavor, albeit often a profitable one.

2.7.1 Mercantilist Theory

Mun distinguished between natural and artificial
wealth. Natural wealth was what could be spared
from domestic use and consisted primarily of
agricultural products. Artificial wealth was that
derived from trade and manufacturing. Mun
thought that acquiring artificial wealth through
trade would be more profitable than producing
natural wealth domestically. By pursuing a

policy of a positive balance of trade, a country
without mines would be able to accumulate pre-
cious metals. In terms of distribution theory, the
mercantilist writer took a very hierarchical posi-
tion as to where the treasure should flow. Trade
was at the top of the scale, followed by manufac-
turing and then by agriculture. Another mercan-
tilist theorist, Charles D’Avenant, considered a
seaman engaged in trade to be worth three farm-
ers [5]. The royal treasury should use the gains of
trade to subsidize the carrying trade, and wages
should be kept low to restrict consumption,
especially consumption of imported goods.

It should not be surprising that the primary
advances made by the mercantilists were with
regard to the theory of money. While the mercan-
tilists believed in expanded trade, they did not
advocate free trade. Rather they believed the gov-
ernment should enforce a strict set of codes
known as the Navigation and Trade Acts. Those
familiar with American history might recognize
that it was the vigorous enforcement of the acts
such as the tax on tea and the prohibition of white
settler farming west of the Appalachian Mountains
(and its large photosynthetic potential) that
helped precipitate the American Revolution. The
mercantilists believed that treasure would accu-
mulate only if there were to be nonequivalent
trade. To accomplish this, the mercantile power
needed to run a positive balance of payments.
This implied that colonies were to experience bal-
ance of payments deficits. The drain of wealth
from colonies to augment the coffers of the mer-
cantile powers was a source of social discord in
countries other than the United States as well. The
mercantilists, while they borrowed heavily to
finance their foreign operations, wrote in an era of
metallic, or commodity, money. Achieving a posi-
tive balance of trade made gold and silver flow
into the royal treasury. For them an expansive
monetary policy meant acquiring more treasure,
not the conscious manipulations of the interest
rate and size of the money supply. In fact, the mer-
cantilists argued that the government should sim-
ply not take overt action to limit the export of
gold or the size of the money supply.

Two important figures represented the transi-
tion between mercantilism and classical political
economy. William Petty, an English mathematician
and physician, began to explore the connection
between the costs of production, economic surplus,
and the value of commodities by the late 1600s. He
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was one of the first to express himself mathemati-
cally in Political Arithmetick, published in 1690,
3 years after his death. Since prices were crucial to
the mercantile endeavor, Petty sought to explain the
origin of prices and values. His work was the imme-
diate predecessor of the labor theory of value that
came to characterize the approach of classical polit-
ical economy. Yet Petty also stressed the importance
of land, reducing all forms of economic surplus to
rent. He valued land as the sum of annual rents and
was among the first to link the value of land to the
rate of interest. Petty also drew upon the political
and economic writings of John Locke, who stressed
the connection between nature and the products of
human labor. Locke believed that nature furnished
fundamentally worthless materials, and it took
human labor to transform the products of the Earth
into something useful. Locke and Petty struggled
with the difference between use values, derived
from products of nature, and exchange values which
resulted from the application of human labor. This
distinction would later be clarified in the era of clas-
sical political economy. Petty, however, thought
along incipient biophysical lines when he reasoned
that “Labour is the Father and active principle of
Wealth, as Lands are the Mother” [6]. The French
precursor to the physiocrats, Richard Cantillon,
who was influenced by Petty argued along similar
lines. “Land is the Source of Matter from whence all
Wealth is produced. The Labour of man is the form
which produces it” [7].

2.8 Classical Political Economy:
The Physiocrats, Adam Smith,
David Ricardo, Thomas

Malthus, and John Stuart Mill

By the end of the eighteenth century, mercantilism
would give way to classical political economy. This
era began around 1759 when a French school of
natural philosophers called the Physiocrats devel-
oped a theory of value that tied the origins of wealth
to the photosynthetic capabilities of the land and the
agricultural labor that appropriated it. Agriculture
in the pre-fossil fuel era transformed solar flow into
food by means of land. In 1776 Scottish moral phi-
losopher Adam Smith published An Inquiry into the
Nature and Causes of the Wealth of Nations, linking
a preindustrial and pre-fossil fuel manufacturing
process to a general theory of circulation. Smith’s
book led to the great debates over distribution,

31

population, and, in time, the concept of diminish-
ing returns of Thomas Malthus and David Ricardo
and the utilitarianism of John Stuart Mill. These
hundred years generated a rich and thoughtful
discussion about what the proper focus and moral
obligation of economics was and should be.

Classical political economists had an entirely
distinct set of purposes. Both the physiocrats and
the first important classical political economist,
Adam Smith, desired to overturn the mercantilist
doctrines of regulated trade. The Physiocrats, who
gave us the term laissez-faire (“let us alone”),
sought a change from small-scale peasant crop
production to large-scale commercial agriculture.
One can reasonably assert that Smith’s 1776 Wealth
of Nations was the greatest anti-mercantilist tract
ever written. Not only did he believe that state
regulation inhibited commerce but also that mer-
cantilist doctrine retarded domestic production.
Smith pursued and developed the idea that mar-
kets could lead to the expansion of well-being,
guided as if by an unseen hand, rather than by the
heavy and visible hand of state regulation. Half a
century later, David Ricardo would refine the doc-
trine of mutual benefit from unregulated trade.

The classical political economists, taken as a
school, desired to build an economic science and to
uncover the origins of wealth. They did this largely
through a substantive, and historically specific,
study of economic surplus. Their method was essen-
tially a narrative, supplemented by abstract proposi-
tions and the occasional recourse to numerical
tables. All classical political economists were policy
oriented. Adam Smith advocated not only the end of
mercantile restrictions but increased expenditures
for public education and a high-wage economy;
Thomas Malthus and David Ricardo debated the
perpetuation or abolition of the Corn Laws limiting
the import of food from continental Europe. John
Stuart Mill argued in favor of reforms to diminish
the gap between those living in wealth and poverty
as well as for the emancipation of women.

These political economists grounded their
analyses of the origins of wealth and value in the
process of production, rather than in the process
of buying and selling, or exchange, as did the mer-
cantilists. Moreover, all used social class as their
unit of analysis. The familiar “factors of produc-
tion” of land, labor, and capital had their origins
in the actual, and historically specific, social
structure of their days. The primary questions of
interest for the classical economists were those
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regarding the production, accumulation, and dis-
tribution of economic surpluses. Their theories of
capital were historically specific and related to
those of accumulation and value. “Capital accu-
mulation is regarded as a necessity prior to pro-
duction and production as necessity prior to the
exchange of commodities” [8]. Price formation,
which has come to dominate modern microeco-
nomics, was of minor concern to them.

2.8.1 The Origins of Wealth
and Value

For classical economists, who called themselves
“political economists,” wealth (a stock) and value
(a flow) originated in the process of production,
rather than that of exchange, as the mercantilists
believed. Further, the idea that united the diverse
classical political economists was that value could
be determined objectively by adding up the costs
of production. They believed that human labor,
augmented by tools, land, and organization of the
labor process, was the source of value.

Classical political economists were careful to
make two distinctions. They separated use value
from exchange value. Unlike modern neoclassical
economists, a product did not command a price
because consumers found it useful. A commodity
commanded a price because the products of nature
were transformed by means of human labor. The
transition from classical to neoclassical economics
represents an epistemological break as far as value
theory is concerned. Alongside the distinction
between public wealth and private riches, James
Maitland, eighth Earl of Lauderdale, wrote in 1819
that public wealth consisted of use values—“all that
man desires that is useful or delightful to him”
Private riches, however, consisted of exchange val-
ues—delightful or useful things that are scarce. So,
for Lauderdale a paradox emerged: the enhance-
ment of private riches comes at the expense of pub-
lic wealth, precisely by making the enjoyments
offered by nature scarce so they can command a
price [9, 10]. Since the days of the triumph of neo-
classical economics, few economists today separate
use value and value. They see wealth as merely the
accumulation of exchange values, expressed in
money form. But as resources become absolutely
scarce in the future, a knowledge of the theories
that existed, and the theoretical separations that
were made, could be a vital component of an eco-
nomic theory for the second half of the age of oil.

The first classical political economists, the
Physiocrats, asserted that value originated in the
land and the agricultural labor that appropriated
the Earth’s biomass by planting, harvesting, and
transporting food. Only nature created a net
product (or produit net). Manufacturers were
considered sterile in that they only transformed
the value created by the land. From their perspec-
tive, they added no net product.

In the English-speaking world, in contrast, eco-
nomic theory extended the creation of value to
manufacturing as well as agriculture. The generally
acknowledged founder of British political economy
was a Scot, Adam Smith. Smith is most often recog-
nized for his belief that the “invisible hand” of the
market would transform individual self-interest
into social harmony. He began his 1776 opus, The
Wealth of Nations, by raising the question of value.
Smith diverged from both the mercantilists and the
Physiocrats. He asserted that the origin of value
could be found not in the bounty of nature and agri-
cultural labor but labor in general, specifically in the
productivity of labor and the number of productive
laborers. Wealth was the accumulation of values
generated by producing goods and services for sale
on the market. He was writing in the era before fos-
sil fuels were applied widely to manufacturing, and
his theory reflected his time. Smith’s observations,
the most famous being that of a pin factory, led him
to believe that the primary method of augmenting
the wealth of a nation was to implement the divi-
sion of labor, where the production process would
be subdivided into separate and more productive
tasks. Smith, who was a professor of moral philoso-
phy, then had to connect the division of labor to an
overall “system of perfect liberty” found in the
unencumbered operation of free markets. He did so
with a surprisingly simple statement: “The division
of labor is limited by the extent of the market” [11].
In order to reap the benefits of the division of labor,
a manufactory must have access to a sufficiently
wide market to sell the products the division of
labor made possible. An important constraint on
that perspective, however, barely understood by
Smith, was that the market itself was limited by the
reliance on solar flow and animal power to trans-
port products of the division of labor.

Smith also deals with the origins of the divi-
sion of labor. Partly he attributes it to human
nature. We all have an ingrained propensity to
“truck, barter, and exchange,” in addition to pos-
sessing a desire to increase the number of neces-
saries, conveniences, and amusements available to
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us. Always the historian, Smith addresses the
question of how much any particular commodity
(known today as a good or a service) was worth in
earlier times as well as in his own day. He argues
that in the “rude and early stage” of society, before
the development of tools and private property, the
value of any commodity consisted of the amount
of human labor embodied in production (meaning
the hours of labor that had been used to make
something). This was the sole determinant of value
or price. Workers could generally fashion their
own tools. A distinct tool manufacturing sector
would have to wait for the application of more
concentrated energy. “Labour was the first price,
the original purchase money that was paid for
everything. It was not by gold or silver, but by
labour that the wealth of the world was originally
purchased...If among a nation of hunters, for
example, it usually costs twice as much labor to kill
a beaver which it does to kill a deer, one beaver
should naturally exchange for or be worth two
deer” [11]. In this stage of development, the whole
product of labor belonged to the producer. But in
the eighteenth-century society, characterized by
the division of labor, this situation would not hold.
At that time “modern” society enhanced the pro-
duction of each worker through various kinds of
equipment, and the owners of capital stock, who
provided the equipment and advanced the wages
before the crops were harvested, demanded a share
of the output. So, too, do the owners of land. Smith
argued that the “natural price” or value can be
obtained by adding up the natural prices of land,
labor, and capital. Smith was not particularly clear
about this and had to devote pages upon pages to
determining the natural rates of wages, rents, and
profits. Moreover, Smith patterned this “rude and
early” society after North American Indians, of
which Smith knew little to nothing about. Had he
been more knowledgeable, he would have realized
that the hunter and the trapper would not have
made exchanges based on labor hours. They both
would have taken their catches to the clan mother.
She would have distributed the meat and the fur
according to tribal tradition [8].

2.8.2 Smith on Money

This view of the division of labor was crucial to
Smith’s vision, as his views of money depended
upon it. Once the division of labor was estab-
lished, all people lived by exchange. Money
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evolved, according to Smith, because the barter
system had one important drawback. Exchange
could not occur if your trading partner did not
desire the use value you possessed and vice versa.
Over the years people chose a particular com-
modity to serve as a currency. Smith lists items,
such as cattle, salt, cod, tobacco, and sugar, but
argues people eventually chose metals because of
their durability. Spartans used iron and ancient
Romans copper. Modern commercial nations
chose gold and silver, stamped with the image of
the ruler to assure weight and quality. Smith does
argue, however, that the avarice of all princes and
sovereigns led them to debase the currency.

Smith’s chapter on money also contains sev-
eral theoretical positions. In this chapter, he
argues for the separation of use value and
exchange value and argues that natural price flows
only from exchange value. He introduces the idea
that natural price is the money expression of the
costs of production of land, labor, and capital and
prefaces later chapters that will explain why mar-
ket prices often diverge from natural price. It is
also in this chapter that Smith advances the dia-
mond-water paradox and explains the all-impor-
tant role of relative scarcity in the determination
of natural price.

Smith then goes on to explain the original
accumulation of stock by the virtuous behavior of
those frugal individuals who save. “Capitals are
increased by parsimony and diminished by prodi-
gality or misconduct” When the frugal abstain
from immediate consumption they add to their
capital. They use this capital to set to work indus-
trious persons, and as capital accumulates, the
potential productivity embodied in the division of
labor rises too. In the end for Smith, the source of
the increase of wealth can be found primarily in
the increased labor productivity of an increasing
population and the virtuous behavior of frugal
savers.

The next great English-speaking political
economist was David Ricardo, whose 1817
Principles of Political Economy [13] represents the
definitive statement of classical political economy.
Although Ricardo had little to say about the ori-
gins of wealth, he made significant contributions
to the theory of value. Ricardo was the premier
advocate of a pure labor theory of value. He
believed Smith to be incorrect when he separated
labor embodied, the amount of human labor time
used in production, and labor commanded, or
what that labor is worth in terms of purchasing
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alternative commodities. Ricardo reconciled the
two when he declared that capital was simply
“dated labor” Most capital at the time was known
as circulating capital or the money advanced to
purchase labor. Since capital can be reduced to
labor, the value of any commodity, or good pro-
duced for sale rather than use, was determined
solely by the amount of human labor embodied in
production.

The problem of dealing theoretically with
long-lived fixed capital is an old one, indeed.
Ricardo believed that market processes would
equalize profit rates. But if one commodity was
produced in a more capital-intensive process,
problems emerged. If the amount of total capital
was the same for two producers, then an equal
profit rate meant selling the goods for the same
prices, as the market also equalized price. But if,
for example, wages increased, it would have a
much greater impact on the more labor-intensive
commodity. Two goods with unequal amounts of
labor would have different prices according to the
labor theory of value, as the theory states that the
value of a product is a function of the labor put
into crafting it, not a function of the use or plea-
sure derived from the product. But competition in
markets would yield the same price. It seemed
mechanization was incompatible with the labor
theory of value. Ricardo was never able to solve
this problem. An unfinished manuscript was
found on his desk at his death. His theory did not
reflect reality—the less efficient, more costly pro-
duction would simply be less profitable—as Marx
discussed. Ricardo never dealt directly with
energy. Nonetheless, he provided two theoretical
tools that critically inform energy analysis to this
day: the best first principle and diminishing mar-
ginal returns. We will deal with these principles in
the next section on income distribution.

John Stuart Mill began his 1848 Principles of
Political Economy [14] by asserting that produc-
tion was the process of the transformation of nat-
ural resources by means of human labor. He began
the project of updating and revising Ricardo’s
Principles of Political Economy by expressing an
affinity to the labor theory of value. But he ran
into the same problem that vexed Ricardo in a
mechanized economy. Mill believed the pure
labor theory of value applied only when there
were equal capital/labor ratios across industries.
However, Mill knew this was not accurate depic-
tion of the English economy in the mid-nineteenth

century. Instead he fell back onto Smith’s adding-
up theory of value. In his approach profits were
the natural price of capital and a reward for the
service the capitalist provided. Mill also relied on
an opportunity cost approach. In a phrase taken
from Nassau Senior, Mill asserted that profits
were also the reward for the “abstinence” of the
capitalist who sacrificed by saving and investing
instead of consuming.

Mill also rejected the classical doctrine of the
wages fund, whereby capitalists advanced only
a fixed amount for the payment of wages. If one
group organized to increase their wages, it would
come at the expense of other wages. This was
essentially Malthusian in origin, as the limited
ability of pre-fossil energy sources to produce food
and the proclivity of the poor to produce children
keep wages at bare subsistence. But food produc-
tion was increasing, and the social order was
subject to change in the mid-1800s. Remember,
Mill’s principles were published in the same year,
1848, as the Communist Manifesto. Instead, Mill
thought wages would be determined in a struggle
between workers and capitalists [15].

While claiming some adherence to the labor
theory of value, Mill was also a utilitarian. Mill’s
utilitarianism was rather eclectic and rather dif-
ferent from Bentham’s. Bentham, as you may
recall, thought that one could not compare the
utility of one pleasure to another. Each individual
was the best judge of his or her own well-being.
Mill, on the other hand, separated higher from
lower pleasures. Higher pleasures included those
of the Victorian salon: poetry, opera, and philo-
sophical conversation. Lower-order pleasures can
be summarized in the modern saying: sex and
drugs and rock ‘n roll. Mill did not believe, as did
Smith and other classicals, that all humans are
motivated solely by self-interest. He believed that
people are driven by nobler motives then compet-
ing with one another to get ahead. In modern
terms, a sustainable society had to be a just soci-
ety. Nonetheless utilitarianism made its way into
Mills’ value theory in the guise of the separation
of use value and exchange value. Recall that
Lauderdale had separated public wealth, in the
form of use values, from exchange values that
commanded a price because of scarcity. Mill con-
cluded eventually that the basis of wealth was not
only things that delighted us, or use values, but
things that delighted us and were scarce. In other
words, wealth could be calculated by summing
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exchange values or prices. In this sense Mill was
the consummate transition figure from classical
political economy to neoclassical economics [10].

2.8.3 Classical Political Economy
and the Distribution of Wealth
and Income

The unequal distribution of wealth was the funda-
mental problem that had been addressed by the
physiocrats. French agriculture yielded little sur-
plus product, as production was on a small-scale
subsistence basis with basic wooden (biomass)
implements and little application of fertilizer.
What little surplus existed was appropriated to
support the lavish court in Versailles and to subsi-
dize a set of pampered workshops dedicated to
the hand production of luxuries. The Physiocratic
program advocated instead the reinvestment of
agricultural surpluses on the farm and the cre-
ation of large-scale commercial agriculture on the
English model. The first economic model ever, the
Tableau Economique, was designed to illustrate
the problem of unequal distribution of wealth. Its
modest reforms, however, ran afoul of Louis XVI
and were ultimately doomed to failure. The
physiocrats ultimate success was the influence
they had upon later theorists such as Adam Smith
and Karl Marx.

Neither the mercantilists nor Smith focused
primarily on the problem of income distribution.
Mercantilists, focusing on trade and exchange as
the source of wealth, had little to say about the
internal order of the domestic economy. This is
hardly surprising as the ability to transform fun-
damentally the process of production by utilizing
fossil energy had yet to be developed. Their main
focus was the distribution of subsidies. Mercantile
doctrine held that a trader was worth several arti-
sans, and artisans are worth many husbandmen.
Therefore, subsidies should flow toward those
engaged in international trade. Profits were to be
made and hence encouraged in the carrying trade
and in the exploitation of colonial resources, not
by means of reducing the cost of production at
home or elsewhere.

Smith, too, wrote relatively little about income
distribution, which is surprising given that he
was professor of “moral philosophy” and pub-
lished a lot. Smith did believe that some degree of
inequality was natural and that it provided
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incentives for increased productivity. “Wherever
there is great prosperity there is great inequality.
For every rich man, there must be at least 500
poor, and the affluence of the few presupposes
the indigence of the many”” Yet at the same time
he believed: “No society can surely be flourishing
and happy of which the far greater part of its
members are poor and miserable” [18]. Smith
truly believed that accumulation of capital would
raise living standards for all in the long term,
although inequality would persist. In the final
book of The Wealth of Nations, Smith held out
that a commitment to education would also raise
the status of the working poor, a position com-
monly held by many in society today. In his chap-
ter on wages, Smith also wrote at length on the
factors contributing to the differences in wages,
including the difficulty of learning the trade, con-
stancy of employment, the degree of responsibil-
ity, and the uncertainty of success [15]. Smith
held a special distaste for the landed aristocracy
who loved to reap what they had not sown. He
considered rents to be primarily a monopoly
extraction on the part of proprietors who did not
labor productively. To this day, the term “rent
seeker” is one of the most powerfully negative
epithets leveled by conservative economists (usu-
ally wrongly) at those who do not obtain their
incomes by labor or investment.

The next prominent English-speaking politi-
cal economists writing in the period following the
death of Adam Smith in 1790 were Thomas
Robert Malthus and David Ricardo. Surprisingly,
neither was particularly interested in the origin of
wealth. In his 1798 First Essay on the Principle of
Population [16], Malthus provided a narrative his-
tory of the transition from “savagery” (known
today as hunting and gathering) to modern soci-
eties. Like Smith he favored the (supposedly) vir-
tuous behavior of the parsimonious wealthy
classes over that of the prodigal poor. Unlike
Smith, he seldom addressed the issues of capital
accumulation in his Essays on Population. Malthus
directed his analysis as to why populations
remained stable in early societies and not to why
capital accumulated.

David Ricardo subordinated the question of
wealth creation to secondary status. For him the
real question was one of distribution, and distri-
bution changed according to the specific histori-
cal period. Like Malthus he accepted the division
of society into classes of landlords, capitalists, and
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laborers as natural and inevitable. Ricardo
believed that the proportions of the whole pro-
duce of the Earth which will be allotted to each of
these classes, under the names of rent, profit and
wages, will be essentially different in different
stages of society, depending mainly on the actual
fertility of the soil, on the accumulation of capital
and population, and on the skill, ingenuity and
instruments employed in agriculture. He said, “To
determine the laws which regulate this distribu-
tion, is the principle problem in Political
Economy?” [13].

2.8.4 The Origin of the Concepts
of Diminishing Marginal
Return and Comparative
Advantage

Ricardo and Malthus were writing during the late
eighteenth and early nineteenth centuries when
there was a great rivalry between landowners and
emerging capitalists for control of the British econ-
omy and society. English Corn Laws, passed in the
early 1800s, limited the import of cheaper grains
(corn) from continental Europe. This benefited the
landed classes by extending the margin of cultiva-
tion to poorer quality lands, most of which they
owned. Simultaneously the law increased rents and
raised wages, since wages were determined by sub-
sistence and ultimately the costs of extracting an
energy surplus from poor land. This limited the
power and income of the rival capitalists as most of
the wealth of society had to go for the necessary
food and hence to landowners. David Ricardo and
Thomas Malthus undertook great debates con-
cerning the efficacy of the Corn Laws and their
effect upon the economy and society. This debate
was the genesis of two of the most sacred principles
of modern economics—diminishing marginal
returns and mutual gains from trade, technically
known as comparative advantage. David Ricardo
devoted his life to the pursuit of political economy
and the repeal of the Corn Laws by crafting myriad
arguments in support of the interests of the emerg-
ing class of capitalists. His primary aim was to
change the distribution of income and wealth from
the less productive landed classes to the more pro-
ductive capitalists, although he himself was a land-
owner. Malthus argued for just the opposite, the
redistribution of income and wealth toward the
landowners.

Ricardo enunciated a theory of rent based on
the principle of diminishing marginal returns
since the price of food (or “provisions”) depended
upon the costs of production (primarily labor
costs) at the no-rent margin (or the land of lowest
fertility). The owners of more fertile lands received
a rent, so that food grown on more fertile, and less
costly, land would sell at the same price as food
that was costlier to produce. Ricardo’s theory also
depended upon the best first principle. Farmers,
being no fools, would tend to utilize the most fer-
tile and most accessible land first, and poorer
lands second. In other words, returns diminished
at the margin of cultivation, i.e., the poorest land
that was still put into production to meet total
food needs. As we shall see in later chapters, this
principle is also useful for explaining peak oil and
the falling energy return on investment over time.
But in the pre-fossil fuel age, the only thing that
stood in the way of the redistribution of incomes
toward productive commercial farmers and man-
ufacturers was the cumbersome Corn Laws limit-
ing the import of cheap grains. If these laws were
repealed, the cultivation of poorer quality lands
could be postponed or eliminated.

Ricardo crafted his arguments in the context
of benefits to the nation rather than in terms of
benefits to a specific class. He reasoned that free
trade among nations in finished commodities
would result in more goods for a cheaper price
than if each nation produced all that they needed
on a self-sufficient basis. He also reasoned that
capital and labor would be immobile internation-
ally, a proposition subsequently repudiated by
advocates of globalization. (We will return to the
details of this argument in » Chap. 8). Moreover,
Ricardo believed that such a redistribution of
income would enhance the growth of the domestic
economy as vibrant profit-seeking commercial
farmers would reinvest their returns in improved
techniques (what we would call today technology)
that would reduce the overall cost of provisions
and thereby improve society in general.

Thomas Malthus held the opposite position. He
believed that frugal capitalists would over-save and
that savings would not automatically find their way
into investment. As a result, the economy would lack
the demand needed to realize profits, and the econ-
omy would fall into a depression. Malthus’ solution
was the redistribution of wealth to the landed classes
who would use it to build monuments and surround
themselves with unproductive retainers, ensuring
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adequate overall demand. We will save the details of
the argument for the next section on the balancing of
supply and demand, but it is important for the reader
to see that many of today’s most important economic
arguments were developed by Malthus and especially
Ricardo as they contemplated the effects of what we
would call today free trade.

John Stuart Mill's 1848 book, Principles of
Political Economy, dominated the discipline until
the 1870s but offered little new in terms of value
theory. Indeed, he envisioned his own task as little
more than updating Ricardo. Mill did offer a
unique perspective, however, on income distribu-
tion. Production, according to Mill, was subject to
natural law (i.e., the limitations of what we would
call today resources), as envisioned by Smith,
Ricardo, and the other classical economists. But
distribution was entirely a matter of the free will of
human beings, and humans could change social
institutions to accommodate a more equal distri-
bution. Mill therefore showed concern about Irish
peasants, industrial workers, and the position of
women and supported a series of reforms to
increase their share of social wealth and elevate
their status. Influenced by his wife, Harriet Taylor,
Mill became a tireless advocate of the emancipa-
tion of women at work and in the home. Mill wrote
that the time of Adam Smith—where the pursuit of
self-interest would lead to social harmony—had
come to an end as evidenced by the destitution of
the working classes and significant social strife.
Like Marx, Mill considered the qualitative aspects
of social inequality and the future of society. The
good life, for Mill, entailed a simpler and more
equal society. “I confess that I am not charmed with
the ideal of life held out by those who think that the
normal state of human beings is struggling to get
on; that the trampling, crushing, elbowing, and
stepping on each others heels, which form the
existing type of social life are the most desirable lot
of human kind, or any but the disagreeable symp-
toms of one of the phases of industrial progress”
[14]. For Mill industrialization brought greater
material prosperity, but it also brought many unde-
sirable and unpleasant aspects to the working class
that he was interested in overcoming.

2.8.5 Balancing Supply and Demand

Adam Smith’s genius lay in his ability to connect
productivity increases made possible by the
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division of labor to events in the broader market.
He believed that the natural price of any com-
modity could be found by the summation of
wages, rents, and profits. Smith, however, also
contended that commodities do not always sell at
their natural prices. Rather, the short-term forces
of supply and demand could result in a price that
exceeded, or fell below, the natural price. The
market price of any commodity was regulated by
the quantity that was brought to the market and
the willingness and ability of potential buyers to
purchase the products. Smith termed this desire,
backed by money, “effectual demand? If the quan-
tity brought to market falls short of effectual
demand, those individuals seeking to acquire the
goods will be willing to offer more money for
them. Competition among these individuals will
result in an increase in market price above the
natural price. If effectual demand is less than the
quantity brought forth, then market price may fall
below natural price. When the quantity brought
to the market just equals the effectual demand,
market price will equal natural price.

The Physiocrats had not worked out any the-
ory of supply and demand, although the Tableau
Economique can be thought of as an early circular
flow model. What Smith took away from the
physiocrats was a confirmation in his belief in lib-
erty. The market provided a mechanism by which
the haggling of daily commerce would result in a
tendency toward the balance found in natural law.
This is most often known as the “invisible hand,”
and it is greatly admired by many economists
today who resent government (or anyone) telling
individuals what they should or should not pur-
chase, for example, in response to concerns about
climate change [11]. The other side of the coin is
that in the absence of government regulation
large, powerful corporations have increasing
power to regulate markets and impact individual
freedoms.

Jean Baptiste Say argued in his Treatise on
Political Economy that a market characterized by
liberty would adjust automatically to produce an
equilibrium in which all resources would be fully
employed. Say held that every purchase was
simultaneously a sale. No one would sell a com-
modity without the intent to buy another. Money
would not be hoarded because it was simply a
means of exchange and had no value unto itself.
Because of this, supply creates a demand of equal
magnitude. Furthermore, the means of purchase
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are created, in the form of factor payments (wages,
rent, and profit) such that there is no shortage of
effectual demand. Therefore, according to the
principles of Say’s law, a general glut of unsold
commodities, and a resulting depression due to
lack of demand, is theoretically impossible. Say
argued that an acute glut is certainly possible, but
a glut in one sector would be matched by excess
demand in another. Moreover, price fluctuations
as described by Smith would assure that price
changes born of competition would assure that
market price would equalize with natural price.
One could say that Say generated an idealized
theoretical situation in which the free market
would generate the best of all material worlds;
many since have believed that to be true.

Malthus rejected Say’s law, arguing that a gen-
eral glut was a defining characteristic of a com-
mercial economy. The years before the publication
of his Principles of Political Economy were marked
by severe depression. The subsequent riots alerted
Malthus to the dangerous destabilizing effects of
actually existing general gluts. For Say’s system to
work, every class must spend its entire income.
While this was true of the working classes,
Malthus realized that the components of price—
wages, rent, and profit—were also the incomes of
the wealthier classes in England. He argued that
capitalists limited their consumption in order to
save. This meant that savings must equal invest-
ment. But he found that as capitalism progressed,
businesses could not find sufficient outlets in
which they could receive profitable returns. As
investment declined and savings were main-
tained, a shortage of effectual demand would
appear, heralding the onset of a depression due to
lack of demand. The Malthusian solution was, as
we have already seen, a redistribution of wealth
and income to the landed classes. As gentlemen
of leisure, they would spend this income on
unproductive personal retainers and monuments
to themselves which would, according to Malthus,
help maintain full demand. They would also
patronize the arts, leading to an improvement in
the character of society. Servants and artists
would consume the material wealth produced by
industry but would not produce it. This would
negate the cause of an overall lack of demand.
Also, as we mentioned previously, the primary
mechanism of income redistribution toward the
aristocracy and gentry was the continuation of
the Corn Laws.

Ricardo defended Say’s law and rejected the
Malthusian solution of an expansion of unpro-
ductive laborers such as servants and retainers.
He said that the support of unproductive personal
servants would be as beneficial to future produc-
tion as fires in the warehouses of the business
classes. Ricardo believed that market forces would
result in the balancing of savings and investment
because of the behavior of investors. “No man
produces but with a view to consume or sell, and
he never sells but with an intention to purchase
some other commodity, which may be immedi-
ately useful to him, or which may contribute to
turther production. By producing, then, he neces-
sarily becomes either the consumer of his own
goods, or the purchaser and consumer of the
goods of some other person” [26]. Ricardo also
criticized Malthus for focusing solely on con-
sumption and failing to consider adequately
investment itself as a component of effective
demand. Ricardos argument carried the day. His
goal of enhancing accumulation by means of
redistribution of income and wealth toward capi-
talists was finally realized in 1846, 23 years after
his death, when Parliament repealed the Corn
Laws.

2.8.6 Growth, Accumulation,
and the Steady State

For Adam Smith, the process of economic growth
began with the frugal saving capitalist and the
workings of the “invisible hand” The desire to
accumulate, which for Smith is innate in the
human spirit, manifests itself as saving and
investment. Frugal individuals save, invest the
capital in expanding the division of labor and
employment, and purchase improved equipment.
The expansion of employment leads to rising
incomes among all sectors of the population pro-
viding the means for the extension of the market.
Since Smith wrote in preindustrial days, he did
not believe that augmented machinery would
replace labor. Rather it would expand its employ-
ment. But here lies the beginning of the stationary
state. As employment and production expanded,
so too would the demand for labor. This would
serve to raise wages and diminish profits which
would hinder further accumulation in the short
term. The solution to rising wages and falling
profits could be resolved only by the rather cruel



2.9 - Proper Role of the Government

operation of nature. Increased wages would lead
to a greater number of surviving children. This
would increase the supply of labor and result in
the subsequent reduction of wages. But the reduc-
tion of wages would eventually decrease the labor
supply as infant mortality would increase with
less money to purchase food. But while nature
would operate to regulate the labor market, the
long-term tendency was toward decline. When a
nation was fully complemented with people with
respect to biophysical capacity to support them,
wages would fall to the bare subsistence level. As
long as food production depended upon limited
natural fertilizers and animate power, agricultural
productivity would remain low and wages would
tend toward subsistence. When the nation was
fully stocked with all that the low level of wages
could support, profits would fall as new invest-
ment opportunities vanished. Thus, the fate of a
vibrant system of perfect liberty was the station-
ary state. Smith saw this as unfortunate, as the
quality of life in the progressive state was vibrant
but life in the stationary state was melancholy. Life
in the declining state was tragic. But for Smith, no
nation was close to achieving its full complement
of labor and capital, so the stationary state was a
prospect for the distant future [28]. Smith’s analy-
sis of accumulation gave economists two method-
ological lessons that are strong still today. The lack
of economic growth was stagnation which was to
be avoided at all costs. Moreover, the tragedy of
the end of accumulation was found in the distant
future. Today economists, politicians, and citizens
alike tend to follow Smith’s logic. Growth is the
primary goal of most economic policy now, and
many believe that the environmental conse-
quences of growth will not occur for at least a
hundred years.

Less than a decade after Smith’s death his
optimism, or that of his followers, was dashed.
The arrival of the steady state seemed imminent
instead of not distant. British philosopher
Thomas Carlyle surveyed the debate over the end
of accumulation between Thomas Malthus and
David Ricardo and dubbed political economy
“the dismal science” The primary limit to accu-
mulation for Ricardo was the existence of dimin-
ishing marginal returns. Given the existence of
the Corn Laws, the extension of cultivation onto
poorer lands resulted in reduced harvests and
increasing rents accruing to the landowners. The
increases in rents and wages would diminish
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profits, resulting in the cessation of productivity
increasing investments as soon as potential prof-
its fell to the prevailing rate of interest. Only a
suspension of the Corn Laws could remove the
limit to growth.

Malthus saw the primary impediment to long-
term accumulation in the increase in human
population at a rate that would soon overwhelm
the ability to provide sufficient food, resulting in
mass starvation. Malthus advocated not only
measures to limit population by “courting the
return of the plague” but a transfer of wealth to
the morally restrained landed classes. But Malthus
too saw internal limits to accumulation. Capitalists
tended to over-save, thereby limiting effectual
demand needed to extend the market and justify
the increased level of production. He advocated
the redistribution of wealth to the aristocracy who
would spend the income on retainers and monu-
ments to themselves, eliminating the shortage of
effective demand and perpetuating all that is good
in modern society. For both Malthus and Ricardo
questions of accumulation ultimately resolved the
questions of distribution of wealth.

29 Proper Role of the

Government

The theory of classical political economy follows
directly from the political theory of Enlightenment
philosopher John Locke. Lockes basic idea was
that the reason for government was the protection
of private property and that government works
best when it limits itself to this function. The
familiar dictum of Thomas Paine, that “the gov-
ernment that governs best governs least,” is con-
sistent with this Enlightenment view. It should
surprise no one that the two most important
Enlightenment documents in the English-
speaking world, the American Declaration of
Independence and Adam Smiths Wealth of
Nations, spoke directly to the proper role of lim-
ited government.

Smith argued that mercantile restrictions,
especially the granting of royal charters and high
rates of tariffs, favored the large trading corpora-
tions, limited competition, and reduced the ben-
efits for the public. Smith clearly spoke of the
mercantile monopolists and their government
benefactors when he said: “People of the same
trade seldom meet together even for merriment
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and diversion, but the conversation ends in a con-
spiracy against the public, or in some contrivance
to raise prices” [16] Smith was optimistic that
with a government that supported mercantile
monopolies out of the way the “system of perfect
liberty” could flower and the pursuit of self-
interest could be channeled into social harmony
by means of price competition, “as if by an invisi-
ble hand”

Contrary to the common wisdom, Smith did
not oppose government in all its forms. He sim-
ply did not believe that a government represent-
ing mercantile monopolists should meddle in
the market process and distort the workings of
the system. Since the system of natural liberty
depended upon the increase in productivity that
resulted from the division of labor, Smith was
aware of, and sensitive to, the plight of detail
worker in the manufactories based upon the
division of labor. He thought that repeating the
same unvarying tasks would render a worker as
“rude and ignorant as it is possible for a human
creature to become.” He therefore recommended
strongly public expenditure on education. In
Book V of the Wealth of Nations, Smith declared
that a sovereign had three fundamental obliga-
tions: to provide for the common defense, to
maintain an independent system of courts to
adjudicate property rights, and to construct pub-
lic works necessary for the smooth functioning
of commerce. Smith also believed that poverty
relief was another proper role for the govern-
ment. According to Robert Heilbroner [17] there
were a million and a half paupers out of 12 mil-
lion people in Smith’s Britain. Other than paltry
poor relief, a welfare system simply did not exist.
Smith believed the expansion of markets could
relieve poverty. He called for the repeal of the
Poor Laws that tied the poor to their local par-
ishes as a condition of receiving their meager
subsistence. Sometimes, he thought, the best
thing the government could do was to stay out of
the way.

This idea of laissez-faire, “leave us alone,” did
not originate with Smith. Rather it was the brain-
child of the aforementioned Physiocrats. Their
program consisted of the removal of onerous
taxes like the quitrent (having to pay rent on a
property you own), sharecropping, and forced
labor. By such means the process of the economic
surplus flowing away from the productive classes
on the farm and into the lavish court and the

luxury workshops could be stopped. To expand
French agriculture from small-scale subsistence
to large-scale commercial necessitated investment
on the farm. Only if the taxes were repealed could
these investment funds be generated.

Classical political economists shared some
fundamental ideas, despite their differences. All
believed that nature, in the form of land, played a
role in the creation of value, along with the role
played by human labor in transforming the prod-
ucts of nature into sellable commodities. As long
as land was a fixed factor of production with a
highly concentrated ownership, expanding food
production would be difficult. From this observa-
tion came the principle of diminishing marginal
returns. In addition, the classicals shared the per-
spective that a fixed quantity of lands, in conjunc-
tion with high fertility rates, would reduce wages
to a paltry subsistence level. All classical political
economists grounded the analysis in terms of
social class, and all were focused upon economic
policy. The coming of the fossil fuel era would
bifurcate economic theory into two distinct
approaches by the 1870s, one based upon eco-
nomic surplus and the other based on relative
scarcity. The first political economist to under-
stand the power of fossil hydrocarbons in trans-
forming the productivity of human labor was Karl
Marx. Within 3 years of the publication of the first
volume of Capital [18], the first theories of neo-
classical economics would appear.

2.10 Karl Marx

The German philosopher turned political econo-
mist Karl Marx was probably the first political
economist using the labor theory of value to com-
prehend fully the industrial revolution and the
role that mechanization and fossil energy played
in its development. Marx is seen by many in the
environmental community as an economic deter-
minist. This comes largely from his treatment of
the biophysical world as “a free gift of nature” As
we have already seen, this was a customary prac-
tice among the most prominent political econo-
mists, especially David Ricardo, whose works
Marx admired. Another oft-quoted passage
comes from an early work The Poverty of
Philosophy, Marx’s critique of utopian socialist
Pierre Joseph Proudhon’s The Philosophy of
Poverty. In this book, he said: “the hand-mill gives
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you society with the feudal lord; the steam-mill
society with the industrial capitalist” For Marx,
this was no simple mechanical relation but a set of
complex dynamics between humans, energy, and
machinery. Marx was both fascinated and admir-
ing of the increased output made possible by the
application of fossil fuels to production. “The
bourgeoise, during its rule of scarce 100 years, has
created more massive and more colossal produc-
tive forces than have all preceding generations
together” [19]. According to Adam Smith, 10 men
in his time, using the system of the division of
labor, made 48,000 sewing needles every day. A
single needle-making machine, however, makes
145,000 needles every hour. One woman or one
girl superintends four such machines and so pro-
duces nearly 600,000 needles in a day or over
3,000,000 in a week [20]! Marx thought that this
was a marvelous means of making labor more
productive, and he clearly understood, but did
not dwell upon, the role of energy in this process.
According to contemporary political economist
Andreas Malm steam power engenders and
extends the role of the division of labor, tran-
scends strength, skill, and endurance, and allows
for substantial increases in labor productivity. In
his more mature work, Capital, Marx realized that
changing machinery and energy led to a different
mode of production, which led to changing social
relations. Improvements in energy and machin-
ery change the economy by working through the
agency of human labor [21].

2.10.1 The Origins of Value

and Wealth

Marx began the first volume of Capital with a
chapter entitled “The Commodity” The basic real-
ity of capitalist society, the commodity, possessed
a “two-fold nature” It possessed both use value
and value. Commodities were produced for sale,
rather than for personal use but could not be sold
if they had no use value. This distinction between
use value and value was crucially important for
Marx, as it was for earlier political economists.
While use value was the origin of wealth, exchange
value was the sole basis for price or, simply, value.
In his later political commentary, A Critique of the
Gotha Programme, Marx chided other socialists
for claiming that labor was the source of all wealth
and therefore labor deserves the entire product.
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Marx’s position that wealth, as a use value, also
has its origin in nature and that capital also plays
a part in its creation [22]. Exchange value or, sim-
ply, value depended upon the average amount of
socially necessary labor that was embodied in its
production, a similar, if more refined, version of
the labor theory of value of Ricardo.

This distinction manifests itself as an analysis
of circuits. The first Marx called “simple com-
modity circulation” An independent artisan
entered the market possessing title to a com-
modity. He or she would sell that commodity for
money and use the proceeds to purchase another
commodity. The goal here was to obtain a differ-
ent use value of the same value (say 10 hour of
labor). Like previous adherents to the labor the-
ory of value, Marx began Capital by assuming all
commodities exchanged at their value. With the
goal met, the circuit self-extinguished, although
the owner of another commodity may make
another exchange. Money, for Marx, was a
medium of exchange. In simple commodity cir-
culation, if C represents a commodity, and M
represents money, the circuit can be depicted as
C-M-C. The value at the end equals the value at
the beginning.

Marx contrasts this with the circuit of capital.
Money, in this case, was the object of desire, not
just a medium of exchange, or as he called it, “the
universal equivalent of commodity values” The
capitalist begins with money, buys commodities,
and sells them for more money. The additional
money is then reinvested and the system becomes
self-perpetuating. Unlike most economists, who
viewed capital as a thing, Marx saw capital as a
process of self-expanding value! Schematically
this is represented as M-C-M,, with M’ > M. But
how is this possible if all commodities exchange
at their value? The answer is found in the types of
commodities capitalists buy as capitalists. As
wealthy individuals capitalists may purchase
expensive transportation, elegant housing, and
tancy clothes. But as capitalists they purchase
means of production (machines and energy) and
labor power. Marx made special efforts to distin-
guish labor from labor power. Labor power, or
work per unit of time, was a commodity with an
exchange value. The value of labor power was the
cost of reproducing the worker or the subsis-
tence wage, with subsistence defined culturally
and historically as the average bundle of wage
goods consumed by the working class, not a
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minimum biological subsistence in terms of cal-
ories. Labor power was also the potential to
work. Labor was a use value and part of the
human essence, as expressed by Marx’s collabo-
rator and benefactor Frederick Engels in his
essay, “The Part Played by Labour in the
Transition from Ape to Man” [23]. Since labor is
the essence of humanity, a capitalist does not
purchase either labor or the human being. Rather
he purchases a worker’s ability to work for a spe-
cific amount of time. If a capitalist can get a
worker to produce more in a day’s work than the
cost of subsistence, then the extra value pro-
duced, or surplus value, accrues to the capitalist.
This surplus value is the basis of profit.

In the era before the widespread use of fossil
fuels, the only means of increasing surplus value
was to either lengthen the working day or increase
the intensity of the labor process. Both measures
had physical and social limits. Both increasing the
time workers remained on the job without increas-
ing wages and implementing harsh supervision
provoked absenteeism, high quit rates, political
Factory Acts to limit the work day, and many, many
strikes. Marx called this method absolute surplus
value. Although working hours have fallen from the
daily average of 12-14 hours in Victorian England,
profits have not disappeared. This means another
method must have been successful. Marx called this
relative surplus value. The basic premise of classical
political economy was that workers were paid at
their value. Reducing wages below the costs of sub-
sistence was not a long-term option for capitalists.
However, if capitalists could reduce the costs of
wage goods, they could reduce the money wages of
workers but maintain their real wage, which was the
value of labor power. Mass production, powered by
fossil fuels, accomplished this goal. Moreover,
mechanization augmented the possibilities of inten-
sifying the labor process. Coal-driven steam engines
could provide continuous power, and they and
steam-powered machines could be run faster than
machines driven by other sources.

Marx’s analysis was qualitative as well as quan-
titative and focused upon the quality of work life
as well as wages. Economists who focused only on
the quantitative aspects of lower prices and higher
productivity overlooked the changes in the pro-
cess of labor. Marx’s critique of the existing politi-
cal economy was grounded in terms of both
qualitative and quantitative approaches to value.
He believed that qualitative relations among

people undergird the quantitative relations
between people and things. The accumulation of
capital depended upon the extraction of surplus
value from immediate producers (i.e., workers),
and the profit rate depended upon increasing the
rate of surplus value or labor productivity. To
accomplish this, the character of work became
stripped of its meaning. The mental work was
separated from the manual work, first by organi-
zational means such as the division of labor and
later by the application of fossil fuels to machin-
ery. These changes had many social impacts. The
worker became an appendage to the machine, no
longer directing its application for the improved
quality of the product, but rather the worker had
to follow the dictates and pacing of the machine.
The intellectual unity of head and hand was sev-
ered for all but a very few workers whose skills
were sufficiently unique such that they could not
easily be replaced by machines. The resulting
alienation that the worker felt from the products
and processes of production would drive social
change. Marx believed it was likely that wages
could rise with economic growth but that the
changes in production and the degradation of the
labor process could not be overcome with more
money. This qualitative aspect formed a crucial
part of Marx’s theory of income distribution and
inequality and the inevitability of social revolu-
tion.

2.10.2 Supply and Demand

Marx chided Ricardo for defending the automatic
balance between supply and demand (“the child-
ish babble of a Say, but hardly worthy of the Great
Ricardo”). Marx argued that Say’s law was appli-
cable only to the stage of simple commodity cir-
culation where an independent artisan enters the
market with a commodity and sells it for money
to purchase a different commodity. It was not
applicable to an industrial capitalist society. The
possibility of such an equilibrium occurring in a
simple economy did not imply its inevitability in a
modern one. Marx’s writings on the balance of
aggregate supply and demand in a modern econ-
omy can be found in the little-read Volume II of
Capital, where Marx discussed the process of
exchange. Here Marx begins with the abstract and
highly unlikely possibility of a nongrowing capi-
talist economy, where the entire surplus value is
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consumed and the economy goes on year after
year at the same level and composition of output.
He calls this “simple reproduction,” as opposed to
a growing economy that he terms “extended
reproduction.” To begin the analysis, Marx divides
the economy into two sectors or “departments.”
Department I produces means of production,
known today as the capital goods industry.
Department II produces means of consumption.
In both sectors, the total value (V) is composed of
the sum of constant capital, variable capital, and
surplus value. Equilibrium necessitates that the
output of these two sectors is balanced [24].

In plain English, Marx believed that the com-
bined demand of workers and capitalists in the
department producing capital goods had to
balance the demand for capital goods in the
consumption goods sector. The formula for this is
¢, = v, +s,, where ¢ stands for constant capital or
means of production, v stands for variable capital
or the money advanced for wages, and s equals
surplus value. This is highly unlikely and highly
abstract. It is a mathematical equilibrium condi-
tion. The reason for the low likelihood is that
capitalism is a dynamic system of self-expanding
value. The driving force of capitalist competition
is technological change to increase labor produc-
tivity. Capitalists simultaneously restrict their
own consumption while paying workers no more
than the value of the subsistence wage to accumu-
late capital. Therefore, there is no reason to believe
that this abstract equilibrium condition will occur
in an actual economy. If the conditions of simple
reproduction are not met in an actual economy,
crises can occur for a variety of reasons. The pace
of technological change may result in a capital-
labor ratio that increases faster than does labor
productivity, precipitating a tendency for the rate
of profit to fall. Slowly growing wages and techno-
logical unemployment may lead to insufficient
effectual demand, and disproportionalities may
develop as the capital goods and consumption
goods sectors grow at different rates. For Marx,
sectoral imbalances are the norm, while the pos-
sibility of a balance in aggregate supply and
demand is but a highly unlikely theoretical possi-
bility that contradicts the very essence of
capitalism [28].

In the first volume of his 1867 opus, Capital,
Marx turned to the accumulation that occurred
prior to the emergence of industrial capitalism
[13]. His chapters on “the so-called primitive

43

accumulation” chronicle the process by which
former artisan producers and independent
farmers—even before the evolution of industrial
capitalism—were forcibly “stripped of the means
of production” by those with more financial or
political power and left with only their labor
power to sell. Furthermore, Marx analyzes the
effects of mercantile strategies where fortunes
were built on colonization, slave labor, and war.
Unlike Smith, who attributes the origins of wealth
and capital to the virtuous behavior of the frugal
saver, Marx declares “If money...comes into the
world with a blood-stain on its cheek, capital
comes dripping from head to toe, from every
pore, with blood and dirt” [25]. Thus, Marx
added, or continued to add, a moral dimension to
how economies worked under different systems.

Accumulation

Marx did not have a theory of the stationary state.
Unlike his classical predecessors, Marx wrote in
an era of fossil fuels where a fixed supply of land
was no longer the limiting factor. Rather, he
believed the internal contradictions of the capi-
talist system could result in its passage into
socialism before the physical basis of the end of
accumulation arrived. For Marx only human
labor created new value, although it was aug-
mented to an unprecedented extent by the appli-
cation of coal to large scale mechanization. Such
mechanization reduced the per unit labor con-
tent of commodities resulting in the reduction of
their prices. Capitalists competed by means of
mechanizing to reduce the price of their individ-
ual commodities below the social average. But as
the expansion of constant capital increased faster
than the increase in productivity, profits would
fall. This touched off an economic crisis, which
could not, in the long run, be overcome by the
mere addition of more fossil fuel-driven equip-
ment. Marx termed the tendency for the rate of
profit to fall a “law of motion of the capitalist sys-
tem.” A second law of motion was the tendency
toward monopolization, as during the crisis bet-
ter capitalized and better managed companies
would acquire their less fortunate rivals, creating
bigger operations that were owned by fewer capi-
talists. The resulting depression “solved” the ten-
dency for the rate of profit to fall by decreasing
the level of capital to labor, as bad debts were
written off and factories shuttered, as well as by
increasing the productivity of labor when
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desperate workers would work harder for less.
Before the stationary state set in the increasing
severity of periodic crises and a socialist political
party would transform society by instituting
rational planning into the investment process
resulting in an end to economic crises and the
true beginning of human history.

2.10.3 Marx and the State

Human history has not actually worked out as
Marx envisioned. His vision of socialism was one
where workers would use the state to humanize
the labor process and to distribute incomes more
evenly. It was a system, unlike capitalism, that was
not crisis prone and crisis dependent. Growth and
accumulation would serve the needs of the popu-
lace, rather than being the sine qua non of the sys-
tem. Communism would arrive when the state
was no longer needed and workers could manage
the economy by themselves. Socialism and com-
munism in the real world tended to be character-
ized by strong rather than by withering states, and
worker alienation remained high. After the fall of
the Soviet Union in the late 1980s and the trans-
formation of the People’s Republic of China into
highly centralized state capitalism, few examples
of socialism in the real world still exist. The pros-
pects for the future, whether some form of demo-
cratic socialism could still emerge, remain
unknown at this point. But the future of capital-
ism is also unknown. In » Chap. 23 we will dis-
cuss a series of planetary boundaries and
biophysical limits, some of which we have already
exceeded. We do not know how a system in over-
shoot can grow its way into sustainability. Neither
do we know how a nongrowing capitalism can
exist in the absence of stagnation and high
unemployment.

Marx on Money

As mentioned previously in the analysis of cir-
cuits, money took different forms for Marx. It
could be a simple means of exchange or it could
be money capital. This money capital could be
used to purchase means of production (constant
capital) or labor power (variable -capital).
Surplus value was the basis of profit and
accounted for in monetary units. Like his classi-
cal predecessors, Marx wrote in an era of com-
modity money or money that was backed up by

a precious metal. This meant the amount of
money could not be expanded at will, as is the
case today. However, Marx was also aware of the
extension of credit and that in a time of eco-
nomic crisis, financial factors themselves could
exacerbate the crises caused by a tendency for
the rate of profit to fall.

The Metabolic Rift

By the third volume of Capital, Marx was deeply
concerned about the fate of the Earth, arguing that
capitalism systematically undermines the material
conditions of its very existence: human labor and
the soil. He was profoundly influenced by Justus
von Liebig, telling Engels that the work of the agri-
cultural chemists was more valuable than that of
the political economists. In his chapters on ground
rent, Marx tried to incorporate new understand-
ings of energy and entropy. Ricardo based his
principle of diminishing marginal return on the
“original and indestructible powers of the soil”
Through his careful study of Liebig, Marx realized
that the powers of the soil are not indestructible.
Rather, large-scale commercial farming (British
high agriculture) according to Liebig was a “gener-
alized system of robbery” Nutrients would be
shipped from the rural agricultural districts in the
form of food and not returned to the soil.
Unfortunately, because matter and energy are not
destroyed, these missing nutrients, which we now
know to be nitrogen and phosphorous, emerged as
pollution in large cities such as London. We will
see in » Chap. 23 on planetary boundaries that the
disruption of such biogeochemical cycles remains
a problem in the modern day. The appropriation of
the land by large-scale agricultural monopolies
created a metabolic rift between humans and
nature, and the abolition of these monopolies
would be essential to create the kind of society we
now call sustainable [10].

2.11 The Origin of Neoclassical

Economics

This period of classical economics lasted
through the early 1870s. Then the discipline
underwent a profound transformation in ques-
tions of value, production, and distribution. This
shift in emphasis and analysis led soon to the
emergence of neoclassical economics, based on
the concept, or perhaps faith, that mechanical
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details of the market economies are based on the
“invisible hand” of Adam Smith. Furthermore,
that markets are self-regulating by means of
competition and flexible prices and that these
could be well represented by analytical models
borrowed from physics. The originators of this
idea came from the French-Swiss Léon Walras,
Englishman Stanley Jevons, and Austrian Carl
Menger and focused much less on production
and much more on “marginal value,” that is that
the value of something became less the more of
it you had. Neoclassical thought derived from
this “marginal revolution” was fully synthesized
by the early years of the twentieth century and
remained the primary mode of thought until
the Great Depression of the 1930s. Then system-
wide economic collapse rendered the prevailing
orthodoxy incapable of understanding the depth
of economic decline or formulating policies to
improve it. In this climate of dislocation, the
theory advanced by the British economist John
Maynard Keynes provided an alternative that
soon dominated the profession.

Keynes visions and methods are in sharp con-
trast with neoclassical economics, which was
enunciated in the 1870s and continually refined
until the present day. The neoclassicals were inter-
ested in the development of universally applicable
theory, modeled after physics and independent of
historical context. Nobel Prize winning econo-
mist Robert Solow stated this clearly if somewhat
tongue in cheek:

My impression is that the best and brightest
in the profession proceed as if economics is
the physics of society. There is a single
universal model of the world. It needs only to
be applied. You could drop a modern
economist from a time machine—a
helicopter maybe, like the one that drops
money—at any time in any place, along with
his or her personal computer; he or she could
set up business without even bothering to
ask what time and what place [26].

British economist G.L.S. Shackle stated that
the principle around which neoclassical econom-
ics was organized, the principle that served as the
equivalent of gravity in celestial mechanics, was
self-interest [7]. But neoclassical economists
focused not on the pursuit of self-interest, as did
Smith and the classical school, but upon the max-
imization of personal self-interest through the
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mechanism of people buying what they want in
markets. Their approach was mathematical and
abstract and based upon relative scarcity as a uni-
versal principle. In short, neoclassical economics
was the marriage of differential calculus with
utilitarian philosophy. The classical focus on
social class as the unit of analysis was replaced
with that of the individual, and the role played by
accumulation gave way to a stress upon static
equilibrium and allocative efficiency. A neoclassi-
cal analysis of growth was not to appear until the
1950s when it was enunciated by Robert Solow.

2.11.1 Value and Wealth

Perhaps the greatest break with classical political
economy came in the area of value theory. Classical
political economists all commenced their analyses
from the viewpoint that value and wealth were cre-
ated in the process of production and that value
could be calculated objectively from the costs of
production. Neoclassical economics was, and con-
tinues to be, grounded in the proposition that
value, like beauty, is in the eye of its beholder—that
is a matter of subjective well-being or utility. Their
overall objective was not to pursue the origins of
wealth as much as to show, under ideal theoretical
conditions, that market economies are self-regulat-
ing by means of small, or marginal, fluctuations in
prices driven by competition on the individual
level. The result of voluntary trades, based solely on
the maximization of self-interest, leads us to a situ-
ation of Pareto efficiency (named after its origina-
tor, Vilfredo Pareto) where no one individual can
be made better off without making another worse
off. this state is called Pareto Efficiency. According
to neoclassical doctrine, government intervention
could do no good, and much harm, as it would dis-
tort the signals of the market, which is seen as a
perfect carrier of information [27].

An important problem facing economists in
1870 was what is often called the “diamonds vs.
water” paradox. Water was, and remains, essential
for human life. But since it was abundant and
often available for the taking in rural areas, it did
not command a high price. In the parlance of clas-
sical political economy, water had great use value
but little exchange value. Diamonds, on the other
hand, had little use value, except as ornaments,
but a very high exchange value. Classical political
economists would attribute this to the great
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amount of human labor that had to be expended
in mining the stones, cutting them, and polishing
them for the market. Water, on the other hand,
took little labor to harvest from the ground.

The newly evolving neoclassical economists
saw this as a “paradox.” But from our perspective,
the reason was not some fundamental problem
with the classical view but was because the neo-
classicists did not separate use value from exchange
value. Unlike classical economists, who saw
exchange value as independent from use value, the
early neoclassical economists viewed use value,
now called utility, as the source of exchange value.
Thus, the relative prices of water and diamonds
now became a paradox to them because how could
something so useful be so cheap, while something
of little use, like diamonds, command such a high
price? Their resolution was to make exchange
value subjective. Diamonds were costly because
people liked them, they were not especially abun-
dant, and people were willing to pay a lot of money
for them. Water was mundane but abundant.
Scarce commodities carried a higher price.

The change that neoclassical economics
brought to this problem was a change in the con-
ception of value. Classical economics believed
that humans generated value objectively by trans-
forming the products of nature into things
humans wanted through the actions of labor.
Neoclassical economists, on the other hand,
thought that the origin of value was subjective.
Value was determined by human preferences, and
these preferences were revealed by what humans
chose to purchase in the marketplace. This was, at
least in theory, a very democratic process in that
any consumer is as important as any other in that
his or her purchases will “send a market signal” to
the whole economy about what that economy
should be producing.

This subjective approach became the jumping-
off point for neoclassical economics, whose prac-
titioners began a “new” approach to economics in
the early 1870s—and still dominate the profession
today. They differed from the classical economists
in not being particularly interested in the origin
of wealth, other than to agree with Smith that the
origins of wealth could be traced to the virtuous
behavior of individuals. By and large they accepted
the idea that wealth was a stock. From the begin-
ning Swiss economist Léon Walras, one of the
originators of neoclassical economics, saw the
study of economics as the transformation of

stocks of natural resources into human-satisfying
utilities, with production relegated to a rather
irrelevant intermediate position [28]. Thus, neo-
classical economists changed the focus of the dis-
cussion from an objective theory grounded in
economic surplus and the (labor) costs of produc-
tion to a subjective utility grounded in psychologi-
cal scarcity which ultimately was translated into
willingness to pay. To create the core of neoclassi-
cal economics, this idea was married to utilitarian
philosophy, based on the propositions that indi-
viduals rationally endeavor to increase their hap-
piness, also married to differential calculus as
well. If a commodity provided utility (greater hap-
piness), more of that commodity would provide
more total utility.

The focus of early neoclassical thought was
also upon marginal utility or the extra utility
received from consuming one more unit of the
good. Neoclassical economists believed that it was
marginal utility, also known as the final degree of
utility, or rareté, that determined value or price.
Marginal utility declines as more of a commodity
is consumed. Thus, the first liter of water that
might be consumed would have a nearly infinite
value, and each subsequent liter was less valuable
to the subjective tastes of the consumer. Since
water was abundant, it was not worth too much.
Theoretical “rational consumers” were thought to
continue to trade with one another until the mar-
ginal utilities of the two traders equalize. At that
point neither party will benefit from additional
trading. No individual consumer can be made
better off by trading without making another
worse off. This is the genesis of what is called
Pareto efficiency. The reader should note the irony
that although the neoclassical concept of value is
based on “economic scarcity;” this is only relative,
not absolute scarcity. Even though industrializa-
tion made possible an abundance of goods, neo-
classical economists spoke about scarcity only
from the perspective of an individuals infinite
wants.

The theory of neoclassical economics assumes
that in a money economy, consumers will con-
tinue to purchase a “set” of two or more “com-
modity bundles” even though they have less and
less additional value to them. Therefore, they
experienced diminishing marginal utility. The
consumer will cease buying when the ratio of
marginal utilities equals the ratio of prices, result-
ing in “consumer equilibrium?” Graphically this
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—— indifference curve

utility max

'

B Fig. 2.1 Consumer equilibrium is reached when the
slope of the indifference curve (or the marginal rate of
substitution) just equals the slope of the budget con-
straint. At this point the consumer values the tradeoff at
the same rate as does the market

can be depicted in @ Fig. 2.1. Utility is constant
along any indifference curve, labeled U,. Its slope
is the ratio of marginal utilities. A budget con-
straint, B, exhibits a slope that is equal to an
exogenous price ratio.

In other words, when a consumer trades
good x for good y at the same rate that the mar-
ket trades them off, she or he will be in the best
possible position. As prices change, so, too, does
the equilibrium position, with lower prices gen-
erally resulting in higher quantities purchased.
Although the initial assumptions require that
interpersonal utilities cannot be compared, they
can be aggregated mathematically. The standard
“rite of passage” for every student of intermediate
microeconomics is to decompose these changes
into income and price effects and derive a down-
ward sloping demand curve, despite the complete
unreality of the assumption.

For a consumer-based price theory to replace
the classical value theory based on costs of pro-
duction and social classes, let alone come to dom-
inate economic thinking, a reasonably large
cohort of consumers must exist. This consumer
class was first created by means of low food prices,
enabled by the application of fossil fuels to eco-
nomic production. The industrialization of agri-
culture began to drive food prices down by the
early 1830s, and the increase in productivity made
possible by the application of coal to machinery
drove down the price of wage goods sold to
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workers. Moreover, mechanization was accompa-
nied by an increase in the ranks of supervisory
employees who enlarged a nascent middle class
whose incomes allowed the expansion of con-
sumption and the expansion of the market [29].

By the late years of the nineteenth century,
neoclassical economists expanded their early
marginalist roots by extending the marginal util-
ity approach to the analysis of production. They
believed that production functions mirrored util-
ity functions and that efficient production begot
equilibrium in utility as well. Factor price ratios
(such as the ratio of wages to profits) were substi-
tuted in their equations for the price ratios of util-
ity theory, while ratios of marginal productivities,
or the change in output with respect to the addi-
tion of one more factor, took the place of ratios of
marginal utilities. Producer equilibrium occurs
when the two ratios are equal. Moreover, the the-
oretical distinction between production and dis-
tribution found in classical political economy
simply vanished. The theory of production and
the theory of distribution are one and the same in
neoclassical economics. The neoclassical theory
of production does not deal explicitly with energy,
but the very functions themselves are built upon
pre-thermodynamic energetics [30]. The typical
production function is simplified to include only
capital and labor as the independent variables that
produce output.

2.11.2 The Marginal Productivity
Theory of Distribution

The neoclassical vision of distribution could not
have been more different from that of Mill. Rather
than separating the mechanisms undergirding
production and distribution, as Mill had done, the
neoclassical theories of production and distribu-
tion are virtually identical. For 20 years, following
the 1870s marginal revolution, neoclassical eco-
nomics, based on scarcity and utility, was solely a
theory of demand. Production was still based on
classical principles of cost. But classical theory
utilized an economic surplus approach, which
entailed the possibility of exploitation—value cre-
ated by one class is appropriated by another.
Marginalism would become neoclassical eco-
nomics only when production was placed on a
marginal utility basis, and the possibility of
exploitation was eliminated (at least in theory).
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The fundamental idea is that each factor of pro-
duction [land (T), labor (L), and capital (K)] earns
its marginal product (or incremental contribution
to total output), no more and no less, as rational
individuals follow the price signals of the market.
The result is equitable—one’s reward depends
solely upon one’s contribution to society. The
marginal product of labor therefore equals the
wage rate (w), profits (z) are equated with the
marginal product of capital, and rents (r) are
determined by the marginal product of land. This
can be added up to generate the total output (P),
with MP, being the marginal contribution of
labor, capital, and land.

P=MP, ¢ L+MP, oK +MP; oT.

P = Total output.

MP, = Marginal product of labor.
L = Labor.

MP, = Marginal product of capital.
K = Capital.

MP,. = Marginal product of land.
T = Land.

Unfortunately, this equation can be true only
under a limited set of mathematical conditions.
British economist John Hobson showed that if
marginal product of labor exceeded the average
product (or the output elasticity is positive), the
product of MP, «L can exceed the total output to
be distributed. But this is possible only if one or
more of the factors (e.g., labor, capital) are not
paid their marginal contributions. Economists in
the neoclassical tradition arrived at some elegant
solutions in the subsequent years. However, they
depended upon two conditions being met.
Equations of degree one are linear, either because
they have no exponents, or because the exponents
add to one, as in a Cobb-Douglas production
function. The function had to be linear homoge-
neous, and of degree one, and equal to zero.
Furthermore, production had to exhibit constant
returns to scale [49].

Constant returns do exist when output expands
proportionately with the increase in all inputs. In
1928 mathematician Charles Cobb and economist
Paul Douglas published an article on long-term
trends in income distribution. They were most inter-
ested in why the distribution of income remained
stable, despite momentous changes in industrial
structure and the position of the United States in the

world economy. However, the paper is most famous
for the Cobb Douglas production function.

Q — aKaLl—a

This equation says that the quantity of produc-
tion (Q) equals the product of capital (K) and
labor (L). The Greek letter a represents capital’s
share of the income distribution, while the
remainder (1 — a) was labor’s share. Cobb and
Douglas estimated capital’s share to be 25% of
national income, with labor receiving 75%. The
fact that the two exponents added to one assured
constant returns to scale and the substitutability
of resources. Land, which symbolizes all natural
resources and which had been used in most pre-
vious assessments, was simply left out of the
equation, as was energy. Both were subsumed,
inappropriately, under the category of capital, as
capital, as a productive asset, is essentially useless
without energy. But if all inputs are substitutes,
the theory implies that society can maintain, and
even increase, its level of output in the virtual
absence of resources or energy, even were these
included explicitly. This failure of neoclassical
economics to include energy in their basic equa-
tions of production has bothered many biophysi-
cal scientists greatly, including Nobel prize
winning chemist Frederick Soddy, anthropolo-
gist Leslie White, ecologist Howard Odum and
his students Robert Costanza and Charles Hall,
physics trained economist Phillip Mirowski, and
other economists including Nicolas Georgescu-
Roegen. Nearly a century after the formulation of
these neoclassical equations, Cleveland et al. [31]
and Reiner Kiimmel [32] showed that 90% of
productivity increases can be attributed to
increases in net energy, that the productivity of
labor is principally determined by the energy
used to subsidize labors’ muscles, and that capital
is important because it is the means of using
energy. More explicitly when energy is inserted
into Cobb Douglass type functions, it is a far
more important determinant of changes in pro-
duction than is either capital or labor. Why this
basic and empirically incontestable concept has
escaped incorporation into general economic
thinking is astonishing to us and to the distin-
guished scientists mentioned above.

The marginal productivity theory can be shown,
mathematically at least, to produce equity, or fair-
ness, but only under conditions known as perfect
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competition. As seen in » Chap. 1, this hypothetical
market structure entails creating an abstract model
in which equally powerless firms meet perfectly
rational consumers in an impersonal market. In
addition, firms must be willing to accept zero eco-
nomic profit in long-term equilibrium. In this
model entrepreneurs earn only a “normal” profit,
which is what they could earn in wages working for
someone else. In 1934 economist Joan Robinson
demonstrated that such outcomes are equitable only
under conditions of perfect competition. In perfect
competition workers are paid what they are worth.
The pay of a worker is a combination of their indi-
vidual productivity and the value of the extra pro-
duction that the firm sells. Technically, this is known
as the value of the marginal product, or MRP. It is
the production of the marginal product of labor
(MP, = AQ/AL) time marginal revenue (MR =
ATR/AQ), where total revenue (TR) equals all the
money the firm brings in by selling its products. TR
=P x Q. The Value of the Marginal Physical Product
is marginal Revenue x Price. Since in perfect com-
petition, and only in perfect competition, marginal
revenue equals price, the marginal revenue product
and the value of the marginal physical product are
identical. However, in imperfect competition, with
any degree of control over price on the part of the
firm, marginal revenue is less than price. This
means the marginal revenue product (what workers
are paid) is less than the value of the marginal phys-
ical product (what workers are worth.) Mrs.
Robinson referred to this as exploitation. She and
we believe this to be the normal, not exceptional,
situation [33].

In summary, neoclassical economists built a
mathematically elegant structure establishing a
nonexploitation theory of distribution. The func-
tions that explain distribution are the same as
those that describe production. The two theories
are indistinguishable. However, the theory
depended upon structures that do not occur in
the real world: perfect competition, unlimited
and reversible input substitution, and constant
returns to scale. In addition, they do not give
energy any special role—it is just another com-
modity. Nonetheless students of economics are
trained routinely and often exclusively on such
models of perfect competition. It is the only mar-
ket structure that has been conceptualized in
which distribution is equitable and exploitation
cannot exist, but it is contradictory to the reality
in which humans operate.

2.12 What Most Economists Missed:
The Impact of Industrialization

The production and accumulation of wealth have
been a central issue of economics since its earli-
est days, but the concept that energy is a critical
factor in that production was (and is) generally
treated only peripherally, if at all. The physiocrats
understood that land was the origin of wealth,
but they had little or no explicit understanding
of land as the way that solar energy was captured
and turned into things of economic value such
as crops or wood, often from photosynthesis of
nutrient-starved plants on long-depleted soils.
Not surprisingly, most early economics focused
upon understanding and explaining the primacy
of land in overall production. But since resources
took substantial amounts of human labor to extract
and the rewards were distributed unequally, they
rightfully thought labor was important. Malthus
thought that the meager agriculture of his time
would limit human populations to something like
what were present in his day.

But once humans discovered coal, and later
oil, our ability to do economic work, including
agricultural production, soared. The energy den-
sity found in these new resources led to the rapid
transformation of the human condition.
Population, which had barely grown for a thou-
sand years, reached one billion in the early 1800s
and has soared to nearly seven and one-half bil-
lion by 2017. A very few economists, such as
William Stanley Jevons and Karl Marx, did
address energy explicitly. Jevons found in 1860
that “all economic activity leads back to coal”
Marx understood that large-scale economic pro-
duction was not possible without coal and empha-
sized the role of coal and machinery in increasing
labor productivity. We know now that energy is
central to all economic issues and is likely to have
serious influence upon, and even limit, the econo-
mist’s usual goal of economic growth. But even
Marx and Jevons mentioned energy only periph-
erally in their most important writings [34, 35].

As time went on humans constructed an eco-
nomic infrastructure of factories, refineries,
bridges, automobiles, suburban homes, and shop-
ping malls and could now exert a greater degree of
control over nature than at any time in the past.
However, working conditions for those laboring
in nineteenth century textile factories were often
horrid and degrading, as are the contemporary
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conditions for most textile workers in Africa,
Asia, and Latin America. The prosperity of the
fossil fuel era has not been equally visited upon
the world’s diverse population. Yet the economic
situation, in terms of access to material goods, for
most people has not been better than today [36].
This is largely because each human can generate
vastly more wealth per unit time than in the past
because of the subsidy by fossil fuel.

Thus, humans have increased their ability to
acquire and accumulate resources through the use
of fossil fuel. Although we have been trained to
think about the economy as something run by
money, from our perspective, money is just our
means of keeping track of debt, facilitating
exchange and serving as a lien on the acquisition
of surpluses of energy and labor. The fossil fuel-
based economy has given each of us in the indus-
trialized countries the equivalent of 60-80 of what
futurist Buckminster Fuller called “energy slaves,”
and the more money you have, the more energy
servants you can have. Why economists mostly
missed the importance of the industrial revolu-
tion as they developed their theories is rather a
mystery.

2.12.1 Supply and Demand

Most of what is taught as introductory microeco-
nomic theory in English-speaking colleges and
universities today is but an updated version of the
neoclassical theory enunciated by Alfred Marshall
in his 1890 Principles of Economics [37]. Marshall
was among the first to link marginal utility with
demand, and he aggregated market demand
curves from individual ones. By linking supply
and demand, Marshall reasoned that equilibrium
in the labor market occurred when individuals
decided to supply hours to the market up to the
point where the marginal utility of the wage
equaled the marginal disutility of the work. This
unrealistic point, although rejected by Keynes,
still forms the theoretical core of modern labor
economics.

Marshall also based his analysis on the sub-
stitutability of resources. Consumers will substi-
tute one good for another based on the ratio of
extra utility to the price that must be paid.
Rational consumers substitute the relatively
cheaper good for the more expensive one, as
long as happiness or utility remains nearly

constant, and substitution ends when the ratio
of marginal utility to price is the same for all
commodities considered. This is known as the
equimarginal principle. Marshall's mode of
analysis applied equally to the firm as it did to
the consumer. The theory of the firm began with
the “representative firm” that exhibited no mar-
keting, energy, or technological advantage over
any other. He divided his analysis into periods.
The short period was one in which one factor
(capital) was fixed but labor would be allowed to
vary. This period was ruled by diminishing mar-
ginal productivity. If a firm applies increasing
quantities of a variable input to a fixed input,
eventually the rate of increase in output begins
to decline. Ricardo first enunciated this idea in
his debate with Malthus, but Marshall formal-
ized it.

The onset of diminishing marginal returns
implied an increase in marginal cost. If each addi-
tional laborer produces less output then, once
diminishing returns have set in, a firm would
need to hire additional workers, at additional
costs, to produce the same incremental increase
in output. The marginal cost curve, above the
minimum point of average variable cost, becomes
the supply curve. This became the basis of profit
maximization for the individual firm. Profits
would be optimized at the point where marginal
cost equals marginal revenue or the extra income
derived from selling an additional product. Since
the marginal cost curve was equivalent to supply
and marginal revenue could be equated with
demand, this point also represents the intersec-
tion of supply and demand. Any profits in excess
of the normal rate, which Marshall termed “quasi
rents,” would be eliminated by price competition
among firms (B Fig. 2.2).

In Marshall’s long period, all factors of pro-
duction are variable. Consequently, diminishing
marginal returns, which require the application of
variable inputs to fixed inputs, cannot operate.
Long period costs were regulated by economies of
scale. Traditionally classical political economists
had posited that capitalists would add fixed and
circulating capital up to the point of constant
returns to scale, where output expanded propor-
tionately with the application of inputs, and the
investment of additional resources would yield no
more than the value of the investment. But
Marshall saw no a priori reason to assume con-
stant returns. In the era where land played the
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primary role in production, Marshall, following
Ricardo, believed there was a tendency toward
decreasing returns to scale. But in the era in which
the restrictive role of nature was diminished, and
the application of fossil energy could increase
productivity dramatically, the tendency was
toward increasing returns [29]. This rendered a
parabolic long-run average cost curve where con-
stant returns to scale represented the minimum
achievable cost.

In Marshall’s neoclassical synthesis, the mar-
ket will self-regulate to generate long-period
equilibrium where marginal revenue = marginal
cost = price = the minimum short-period aver-
age cos = long-period average cost. At this point
profits are forced to the “normal” level, and
the outcome is allocative efficiency. Allocative
efficiency occurs when the market price cov-
ers fully all underlying incremental costs and
resources flow to their most lucrative use. Firms
unable to achieve constant returns to scale can
produce only at above average cost and will be
forced into bankruptcy by price competition.
Since the firm-level supply can be aggregated
into market supply and market demand is sim-
ply the summation of individual demands, the
market-level balance of supply and demand is the
most efficient allocation of resources. The idea

that markets allocate efficiently is a deeply held
belief of almost all economists, including most
ecological economists.

By the 1920s, supply and demand analysis had
been extended to describe the workings of the pri-
mary sectors of the overall economy. According to
Marshall the supply of labor, set by the disutility
of the work, would come into balance with the
demand for labor, which was determined by mar-
ginal productivity by means of subtle adjustments
in the price of labor, or the wage rate. If wages
were below the equilibrium rate, shortages would
occur, causing competing employers to offer a
higher wage in order to attract workers.
Unemployment was a surplus of labor, caused by
workers demanding wages in excess of equilib-
rium. The solution for unemployment was there-
fore a reduction of wages. In many ways, the
neoclassical or market model provided logical
rationales for management to pay labor as little as
possible.

Economist Knut Wicksell offered an analysis
of the market for savings and investment, called
loanable funds, based on the idea of the self-
equilibrating market. Savings were specified as a
positively sloped function of the interest rate (the
price of money). Those with enough income to
save would be induced to augment their savings
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by an increase in interest rates. Investment was
negatively related to interest. At higher interest
rates, the costs of borrowing rose, and less profit-
able investment projects would be curtailed. The
market would find its own equilibrium interest
rate, and savings would equal investment.

2.12.2 The Neoclassical Perspective
of Indefinite Growth

Neoclassical economists held a very different
opinion on the future of economies. The poten-
tial of continued dramatic increase in productiv-
ity (made possible by fossil fuels, although that
was not mentioned) relegated questions of accu-
mulation and growth to secondary status.
Consumption was limited only by a budget con-
straint. However rational consumers would max-
imize their well-being by substituting cheaper for
more expensive goods, so that consumption
could increase indefinitely. A similar process
worked on the production side. Initially the opti-
mal situation was the point at which supply bal-
anced with demand. While the possibility that
that reinvested profits could lead to economic
growth was considered, the focus was clearly on
static equilibrium. Only later, in the profound
depression of the 1930s, did a neoclassical theory
of growth begin to emerge. Sir John Hicks devel-
oped the idea of the elasticity of substitution—
which meant in practice that expensive, unreliable
labor could be substituted by cheaper, more reli-
able capital. He believed that a progressive soci-
ety necessitated a positive elasticity. In other
words, the price of progress was the redistribu-
tion of wealth from labor to capital. This would
allow growth to continue indefinitely.

One conspicuous exception exists in the work
of William Stanley Jevons. Before Jevons solidi-
fied his reputation as a marginalist, he produced
the previously mentioned empirical work, The
Coal Question. Jevons theory was based on that of
Malthus, but he argued the limiting factor had
switched from corn to coal. He had no particular
interest in sustainability or resource conservation.
Rather he wanted to maintain England’s indus-
trial and imperial domination of the world. These
depended upon the development of mass produc-
tion industry, especially textile manufacturing,
and industry depended upon an adequate supply
of cheap coal [10]. But Jevons believed there was

no prospect for a reliable and cheap substitute for
coal and that Englands mines were slowly
becoming exhausted. This would render much of
England’s population superfluous (and perhaps
incapable of being fed) and essentially create the
conditions for the return of the stationary state.
While Jevons offered no satisfactory solutions, his
essay represents the initial exercise of the eco-
nomic consequences of the absolute scarcity in
the age of fossil fuels [29]. For Jevons, England’s
greatness depended upon lavish use of a declining
resource, and he looked toward the future with
trepidation. “We have to make the momentous
choice between brief but true greatness and lon-
ger continued mediocrity” [34]. Many today still
fear this prospect, and this will make the transi-
tion to living within nature’s limits all the more
difficult.

Jevon’s Paradox, today called the rebound
effect, shows that an increase in resource effi-
ciency increases resource use. If you recall the
supply and demand diagrams from » Chap. 1, the
rebound effect becomes less paradoxical.
Increased resource efficiency increases supply and
relative to stable demand, drives down prices. The
lower prices increase quantity demanded and
resource use. Savery’s inefficient steam engine
used very little coal because almost nobody could
afford to use it. Watt’s engine led to the expansion
of coal use because the engine was efficient
enough to compete with, and eventually domi-
nate, water power.

2.12.3 Accumulation and Growth

Neoclassical growth theory emerged as a critique
of the Keynesian economists Roy Harrod and
Evsey Domar, who proposed separately that the
growth path of a capitalist economy would be
unstable because of the system’s internal dynam-
ics. We will review their work in detail in the
next section. In 1956, Robert Solow argued that
the flaw in the Harrod-Domar approach was in
the way they specified their equations. According
to Solow, the Harrod-Domar model used fixed
proportions between labor and capital. When
he replaced these fixed coefficients with a Cobb-
Douglas function the instability disappeared
and the functioning of markets would lead to
stable growth trajectories. Solow managed to
turn a social problem into a technical one and
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maintained the neoclassical ideal of self-regulat-
ing markets over the long term [37].

Unfortunately, Solow’s model suffered from
a large unexplained residual. As we stated pre-
viously, Reiner Kummel explained the residual
satisfactorily by adding energy to the production
function. Solow’s explanation was that the resid-
ual was due to technological change that could
increase output without increasing the quanti-
ties of labor and capital [38]. In this approach,
technological change was exogenous, appearing
as “manna from heaven” rather than being deter-
mined within the parameters of the model. In the
mid-1980s, following the most severe recession
since the Great Depression in 1981-1982, neoclas-
sical economists sought to model technological
change as endogenous to the process of accumula-
tion and growth. Economists such as Paul Roemer
and Robert Lucas theorized that investments in
innovation and “human capital” were important
determinants of economic growth. These models
are often termed “AK” models because all inputs
were specified as a form of capital. No longer were
there land, labor, and capital. Now there are natu-
ral capital, human capital, physical, capital and
money capital. Expenditures on education and
training are therefore important for the future
and within the domain of proper government
activity, and government policies should focus on
innovation and competition. The model assumes
that marginal productivities are constant at the
aggregate level, so no declines occur due to the
addition of capital. The models also tend to utilize
perfect competition as the basic market structure.
Although short-term monopoly profits might fall
to those in research and development, but free
entry into the market will equalize these profits
in the long term.

The current state of the art of neoclassical
growth theory is known as dynamic stochastic
general equilibrium theory or DSGE. Dynamic
refers to change over time, which is the very
essence of growth. Stochastic is used not just as
being probabilistic but in the sense of the econ-
omy being subject to random errors. If all errors
are random, then policy prescriptions are essen-
tially irrelevant. The model is cast within
Walrasian general equilibrium theory. If you
recall, general equilibrium holds that individual
agents will trade amongst one another, with accu-
rate knowledge and foresight of prices until no
trader can be made better off until another is
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made worse off. This is referred to as Pareto effi-
ciency. Since all agents have the same perfect
information of the present and future and the
same reasoning process, they can be treated as
exactly the same, and the entire economy can be
reduced to a single representative agent.
Technological changes are a random error, and
treated as frictionless, despite the fact that tech-
nological changes benefit some in the real world
and hurt others. Moreover, in the words of James
K. Galbraith, capitalism is treated as a perfect or
nearly perfect system, the analog of a frictionless
physical system, that adjusts to random shocks
and results in a steady-state growth trajectory
[38]. The two main variants of DSGE are real
business cycle theory, based on perfect competi-
tion, and new Keynesian economics, which
allows for some monopolistically competitive
price setting.

Thorstein Veblen
and the American
Institutionalists

2.13

Institutionalism as a school of economic thought
focuses on the structural transformation of social
institutions over time, and not price formation, as
the key to understanding how an economy func-
tions. Institutional change affects human behavior
and human behavior affects institutional change.
Institutionalism’s main proponent, Thorstein
Veblen, can be classified more as a social critic
than as an economist, for he read and wrote
widely in science, politics, anthropology, philoso-
phy, and history, as well as economics. Veblen is
most known for being a vociferous critic of neo-
classical economics, taking on the giants of the
day such as monetary theorist Irvin Fisher and his
own mentor, John Bates Clark who was the origi-
nator of marginal productivity theory. Veblen’s
critique of neoclassical economics, a phrase which
he coined and often used interchangeably with
“the hedonistic approach,” stemmed from his
active study of science, especially Darwinian evo-
lution. Veblen adopted Darwin’s descent with
modification based on random variation and
natural selection in a way that was far different
than other “social Darwinists” such as Herbert
Spenser and William Graham Sumner who
focused on the competitive nature of humanity
and “the survival of the fittest” Veblen juxtaposed
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the competitive, or predatory, side of humanity
with the altruistic, that took the form of the
“instinct of workmanship” or the parental bent.
Veblens adaptation did contain one important
difference from Darwin’s ideas on evolution in the
nonhuman world. Humans can adapt to changes
in the biophysical world by changing their behav-
ior within one generation. Within this context,
much of Veblen’s work was rhetorical in the strict
sense of the word: the art of persuasion. Veblen
urged his readers to adapt to the pecuniary
exploits and fraudulent behaviors of the “captains
of industry” in the Guilded Age.

In one of his first articles, the 1898 “Why
Economics is not an Evolutionary Science,’
Veblen took on the utilitarian theory of human
behavior and classified it as “pre-Darwinian” He
asserted that the utilitarian perceptions of the
rational, self-absorbed homo economicus were
incorrect, as they allowed for neither the adapta-
tion of the individual nor the institution of the
market, which shapes individual behavior and is
shaped by behavior in return. For Veblen, the eco-
nomic life of the individual was a process of
cumulative adaptation, with the economic agent
and the social environment being the result of the
last adaptation. This is a far cry from the unchang-
ing individual with self-regarding preference sets
who is unchanged by the institutions of the mar-
ket. In Veblen’s words:

The hedonistic conception of man is that of a
lightening calculator of pleasures and pains,
who oscillates like a homogenous globule of
desire of happiness under the impulse of
stimuli that shift him about the area, but
leave him intact. He is an isolated, definitive
human datum, in stable equilibrium except
for the buffets of the impinging forces that
displace him in one direction or another.
Self-imposed in elemental space, he spins
about symmetrically about his own spiritual
axis until the parallelogram of forces bears
down upon, whereupon he follows the line of
the resultant. When the force of the impact is
spent, he comes to rest, a self-contained
globule of desire as before [39].

According to Rick Tilman, editor of A Veblen
Treasury, Veblen’s work was centered around
duality and conflict. Some of the main conflicts
included those between superstition and science,
between business and industry, and predatory

exploit and warlike animus vs. peaceable congeni-
ality and workmanlike efficiency. These conflicts
appeared in all of his major works [40].

Veblen’s best-known work was his 1899 Theory
of the Leisure Class [41]. It was here where he
coined the term “conspicuous consumption.”
Veblen historically and anthropologically, ana-
lyzed the role played by a growing economic sur-
plus (based on an energy surplus) in the
development of a class that did not have to work.
Veblen’s analysis began with hunting and gather-
ing societies and the emergence of settled agricul-
ture (which, in the parlance of the day, Veblen
called savagery and barbarism). Predatory activi-
ties such as war and sports led to the highest of
social statuses, and people emulated these upper
classes to improve their own senses of well-being.
Veblen believed that the utility preferences of the
common man could not be understood in absence
of understanding the preferences of the upper
classes. In this work, he began to utilize his con-
cept of instincts that would appear throughout
the remainder of his works. Veblen used instincts
differently than would an animal behaviorist. For
Veblen, instincts were more like propensities.
They were purposive, learned behaviors.

In his 1904 Theory of Business Enterprise [42],
Veblen refined the distinction between business
and industry and the instinct of predation and
the instinct of workmanship. Pecuniary activity
(making money) was grounded in the instinct of
predation while making products found its base
in the instinct of workmanship or doing a good
job for the sake of doing a good job. Veblen called
the process of consciously denying efficiency for
the sake of pecuniary gain (think of the recent
revelations regarding Volkswagen) to be sabotage.
It was also in the Theory of Business Enterprise that
he enunciated his theory of the business cycle.
Veblen was among the first to incorporate analy-
ses of monopoly concentration and finance into
his analyses, stating that the cause of economic
instability lay in excessive capitalization and credit
inflation. Fundamentally, there is a tendency for
firms to borrow too much based on overestima-
tion of their future earning power. When banks
and creditors realize this, they call their loans
which set off a chain of bankruptcies and liqui-
dations. When expectations of future earnings
coincide, once again, with reality, the bankrupt-
cies stop until the next round of speculative excess
drives the cycle once again. Veblen thought that
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the growth of monopolies and wasteful govern-
ment spending might stop the cyclical instability
but did not express a great deal of optimism.

Veblen never enunciated a theory of income
distribution, although he spent a great deal of
time criticizing the marginal productivity theory
of his mentor, John Bates Clark. He thought that
the assumption that compensation equals effort
was wholly untenable, for there was no reliable
way to measure an individual’s contribution in a
social setting, especially when pecuniary activity,
based on the instinct of predation, was at the base
of the process. Veblen ridiculed theories of absti-
nence and waiting that justified the appropriation
of economic rents by those absentee owners who
did their best to avoid hard work. He also realized,
because of the pecuniary processes, that wages
were administered rather than being the result of
supply and demand in competitive markets.
Veblen was an ardent supporter of unions, most
notably the Industrial Workers of the World, and
advocated for democracy in the workplace instead
of dictatorial control by the agents of predation.

Economist Lisi Krall asserts that this distinc-
tion between business and industry and the con-
cept of administered prices is crucial for
understanding the dynamics of the oil industry in
the second half of the age of oil. The Saudi-led car-
tel realizes that if prices are maintained at too
high a level for too long, the oil-dependent indus-
trial nations of the global North will find alterna-
tives and find them quickly. Historically, the
business strategy has been to limit production to
maintain the “correct” administered prices, just
the process that Veblen termed “sabotage” Yet
despite price fluctuations and peak oil, the motives
and the power of the oil industry have not been
negated [43]. With the advent of new technolo-
gies such as hydraulic fracturing, one cannot fully
understand the future prospects without looking
at the institutional structure of the oil industry.
The theories of Thorstein Veblen are a good place
to start.

2.14 Keynesian Economics

The beginnings of Keynesian economics date to
1936 with the publication of The General Theory
of Employment, Money, and Interest [44]. In this
work Keynes was mostly interested in how uncer-
tainty led to declines in capital investment and an
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imbalance with aggregate savings. He concluded
that periodically the overall level of economic
activity would fall as a result of falling investment,
leading to an overall decline in the level of
(aggregate—or total national) demand for goods
and services. The economy could come to rest at
an equilibrium point that was characterized by
elevated levels of unemployment unless the econ-
omy was stimulated by an outside force. Keynes
attributed the depression to a market economy’s
inability to sustain sufficient demand for goods
and services over the long period, as well as the
misguided policies of neoclassical economics that
reduced consumption demand as they advocated
wage cuts to reduce business cost. Keynes believed
in a mild redistribution of income from rich to
poor, primarily by means of job creation, and gov-
ernment stimulation of demand during reces-
sions. Keynes was somewhat of an advocate of
economic planning and restricted trade.

A more “business-friendly” although perhaps
somewhat corrupted Keynesian economics was
synthesized, primarily in the United States, in the
1950s. Most students of economics learn that
Keynes was mostly about the government’s use of
its power to tax and spend (known as fiscal policy)
and its control over the price and quantity of
money (monetary policy) to keep the economy on
an even keel. For decades, it appeared to many
that Keynesian economics was the longed-for
antidote to periodic business downturns until, in
the 1970s, it itself fell victim to the prolonged eco-
nomic stagnation following the peak of US oil
production and the subsequent “energy crises”
Keynesian economics was no longer able “deliver
the goods” of economic growth with stability.
Neoclassical economics made a strong comeback
from the 1980s until the global financial collapse
of 2008 and the subsequent recession. Recently
Keynesian economics has seen somewhat of a
revitalization, but there also has been a great deal
of resistance to Keynesian measures that exists in
the circles of economic policy as well as in eco-
nomic theory. As of 2017 there is no clear agree-
ment of what kind of economics works and what
kind does not.

Economies in general, and capitalist economies
in particular, suffer from strong cycles of expansion
and recession. Recessions tend to bring enormous
hardships to people as workplaces close, and fewer
people are employed. John Maynard Keynes had,
unlike his neoclassical predecessors, developed a
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theory that these cycles were caused by internal
conflicts. The market as a system was not self-regu-
lating. In his 1936 work, The General Theory of
Employment, Interest, and Money, Keynes showed
that a mature market economic system could reach
equilibrium at considerably less than a full employ-
ment level. Consequently, the market could not be
left to its own devices to restore balance, especially
if was already “balanced’, but by doing so through
substantial numbers of people unable to find work.
Keynes considered himself a “moderate conserva-
tive” and was primarily interested in saving the
market economy from its own worst feature of
periodic depressions accompanied by high rates of
unemployment. Instead of believing that market
forces of competition and flexible prices would cor-
rect the ills of depression, Keynes thought that the
imbalance of savings and investment led to a defi-
ciency of aggregate demand that is for goods and
services. Rather than wishing to replace capitalism
with another form of organization and governance,
Keynes believed that judicious use of government
policy could boost the overall level of demand to
reduce unemployment during recessionary times.
In the 1950s a new generation of economists call-
ing themselves Keynesians would attempt to “fine-
tune” the economy by spending more when the
economy was contracting and less when it was
expanding too rapidly as to make prices rise. These
actions would, they thought, tend to smooth out
economic fluctuations over time. One can argue
that in fact it worked, as the proportional fluctua-
tions in the US economy decreased to much less
than before the general acceptance of Keyness
ideas. We will explore this period in our chapter on
the postwar economic order.

2.14.1 Keynes and the Taming

of Economic Cycles

John Maynard Keynes, who influenced the appli-
cation of economic theory to day-to-day econom-
ics more than nearly anyone else since Adam
Smith, had little to say about wealth and value or
price formation. He accepted, on face value, util-
ity theory and marginal productivity theory and
was relatively uninterested in price formation. He
did base his critique of the labor market on the
proposition that wages were “sticky” and did not
fall as workers attempted to protect their stan-
dards of living. This, however, was not original to

Keynes, as his neoclassical mentor Arthur Cecil
Pigou had worked on this topic.

John Maynard Keynes had little to say about
income distribution and what he did offer was
contradictory. In » Chap. 2 of The General Theory
he stated that the classical theory of employment
rested upon two premises. First, the wage
equaled the marginal product of labor. This
established the demand for labor as capitalists
would hire labor only up to the point where the
marginal product of labor equaled the prevailing
equilibrium wage. At that point, they would
cease hiring additional workers. Second, neo-
classical theory asserted that the marginal utility
of the wage equaled the marginal disutility of the
work or the pleasure obtained from the wage
earned equals the displeasure of the work done.
In other words, the prevailing wage is sufficient
to bring forth the needed amount of labor. While
he rejected premise number two, Keynes
accepted marginal productivity theory without
reservation. But this implies that a reduction in
wages can expand employment. Unfortunately,
this was inconsistent with much of Keynes’ main
point that the economy can balance at full
employment only if the population has enough
money to spend purchasing the products they
have manufactured.

In » Chap. 10 of The General Theory, Keynes
discusses the relation of savings vs. spending in
stimulating the economy. Specifically, he exam-
ined the role played by the propensity to consume
(or the fraction of additional income that is
spent). Keynes utilized R.F. Kahn’s multiplier
principle when he considered overall investment
and employment, which states that income is
expanded by an amount that equals propensity to
consume, that is, the amount of consumption
changes with respect to the rise and fall of income.
Mathematically, k = AC/AY, where. C symbolizes
consumption and Y stands for aggregate income.
But Keynes realized that savings came primarily
from the wealthy, which he called “the saving
classes”” If the poor saved a smaller proportion of
their incomes than do the rich, then a redistribu-
tion of wealth would result in greater total spend-
ing and a greater multiplier effect and a more
rapid expansion of income and employment. But
Keynes never came out for a policy of income
redistribution. Rather he addressed the issue
indirectly, calling for an expansion of public
works [44].
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Overall many economists, especially classical
economists, thought deeply about the questions
of distribution of wealth between the different
classes of society. We can say that their discourse,
and others like it, had a great deal of effect on the
actual implementation of economic policy, at least
until the last two or three decades. This was
because tax and other government policies based
on their thinking tended to result in a much
greater equity in the distribution of the great
wealth made possible by the industrial revolution,
especially in the United States and Europe.

These two conclusions about the functioning
of aggregate markets served as the backdrop for
John Maynard Keynes’ critique of neoclassical
economic policy. For John Maynard Keynes, the
question was not one of whether overall, or aggre-
gate, supply would balance with aggregate
demand, but whether or not the balance would
occur at full employment. Keynes began his 1936
opus, The General Theory of Employment, Interest,
and Money, by accepting all the neoclassical pos-
tulates except two. He rejected Says law and
Marshall’s idea that the supply of labor is deter-
mined by the interaction of the marginal utility of
the wage and the marginal disutility of the work.
Whether this change in two initial propositions
constituted a revolutionary change in the profes-
sion or was a matter of “moderate conservatism,’
as Keynes himself believed, has been and probably
will continue to be a matter of considerable
debate. But Keynes’ conservatism was not about
domestic spending. He saw the enterprise econ-
omy of the 1930s as being limited by internal and
external factors. The internal factor was the per-
sistence of severe unemployment and social dislo-
cation that characterized the depression. The
external factor was the presence of two alternate
systems, Fascism and Bolshevism, which Keynes
found highly distasteful. Keynes conservatism
came from his desire to save and perpetuate the
free enterprise system. His moderation came
from a belief that leaving the economy to its own
devices and awaiting the triumph of market forces
would be insufficient to solve the problems cre-
ated by the Great Depression.

The prevailing orthodoxy in the middle third
of the last century was grounded in the notion that
savings determined the level of investment.
Furthermore, the balance of saving and invest-
ment was needed to achieve the overall balance of
supply and demand. A simplified version modifies
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the circular flow model, (which is essentially a
depiction of Say’s law), to accommodate the reality
that not all firms and household members spend
all their money in current consumption. Money
“leaked” out of the system flow when individuals
saved a portion of their income, when taxes were
levied on income, and when purchases of foreign
goods were made. On the other hand, income
flowed into the system when businesses made
investments, when the government purchased
goods and services, or when an economy sold
goods in foreign markets and received the incomes
from doing so. Consequently, the traditional cir-
cular flow model can be augmented with both
leaks and injections.

Given the conventions of the early twentieth
century of a political commitment to a balanced
budget that equated government spending and
taxation, along with an international gold stan-
dard that balanced imports and exports, the main
question facing Keynes was to what degree would
savings balance with investment? Unless savings
and investment balanced the aggregate supply of
products (which were increased by investments)
and the effectual demand for them (which were
increased by consumptive expenditures) would
not balance at full employment. He believed that
finding adequate investment outlets for surplus
savings, and not wage reductions, was the key to
finding a macroeconomic equilibrium at full
employment. The prevailing orthodoxy, on the
other hand, was to treat the market for savings
and investment as a market for loanable funds.
Competitive market forces would lead savers and
investors to vary the amount of funds with the
price, leading the market to find an equilibrium
rate that balanced savings and investment. Keynes
disagreed vehemently that this was how it worked.
Savings, in his analysis, depended upon income,
and savings would increase only as income rose.
Investment depended upon expected profit and
the rate of interest. Savings and investment were
functions of different variables. Keynes believed
there were no reasons for planned (or ex ante)
savings to equal realized (or ex post) investment.

Keynes’ greatest concern was not a shortage of
savings but savings that exceeded investment. The
orthodox method of increasing savings was to
increase the interest rate. This had the unfortu-
nate effect of simultaneously depressing invest-
ment, thereby reducing the level of aggregate
output and employment. As investment fell, so
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too did employment. Workers with less money
buy fewer products, forcing business to reduce
investment once more. The economy spiraled into
depression, and when it came to a balance, the
equilibrium was at a low level of output and a high
level of unemployment. But if the interest rate is
not determined in the loanable funds market,
where is it determined? For Keynes, interest was a
monetary phenomenon. The amount of money in
the system depended upon the interaction of the
supply of money (determined politically by mon-
etary authorities) and the preference investors
have for holding their money as cash (called
transactions demand) or as balances to be invested
in financial securities (called speculative demand).
Money plays an essential feature in a modern
economy, and the economy could not run without
it. For Keynes, the fundamental problems of
investment were those of uncertainty. The pres-
ent, when investments are made, lies between an
unchangeable past and an unknowable future.
Despite efforts of economists and mathemati-
cians, the uncertainty posed by investment over
the long term makes the rational calculations of
neoclassical microeconomic theory essentially
impossible. The future is sufficiently uncertain
that the self-regulatory capacity of the laissez-
faire economy is unlike that posed by neoclassical
theory. Keynes believed that the object of the
accumulation of wealth entailed investing now to
receive rewards in the distant future. But our
knowledge of the future is uncertain. In an oft-
quoted passage from his 1937 Quarterly Journal of
Economics article entitled “The General Theory of
Employment,” Keynes declared:

The calculus of probability, tho mention of it
was kept in the background, was supposed
to be capable of reducing uncertainty to the
same calculable status of certainty itself...By
“uncertain”knowledge, let me explain, | do
not mean merely to distinguish what is
known for certain from what is only probable.
The game of roulette is not subject, in this
sense, to uncertainty; nor is the prospect of a
Victory bond being drawn. Or, again, the
expectation of life is only slightly uncertain.
Even the weather is only moderately
uncertain. The sense in which | am using the
term is that in which the prospect of a
European war is uncertain, or the price of
copper and the rate of interest twenty years

hence, or the obsolescence of a new
invention, or the position of private wealth
owners in the social system in 1970. About
these matters there is no scientific basis on
which to form any calculable probability
whatever. We simply do not know [45].

The use of money allows for a method to avoid
all of one’s assets being fixed in permanent and
unchangeable assets. This ruled what Keynes
called the speculative demand for money. But
speculation is subject to waves of pessimism and
optimism. While the primary driving force of out-
put, and therefore employment, was investment,
the level of consumption was also important in
determining the level of aggregate demand. The
amount of consumption, like savings, was depen-
dent primarily upon the level of income. The frac-
tion consumed (the marginal propensity to
consume) was subject to multiplier effects. Since
the poor spend a greater fraction of their income
than do the wealthy Keynes believed that some
augmentation of income growth could be affected
by a redistribution of income. Given the uncer-
tainty of investment, and the limitations of
expanding the economy by means of money cre-
ation when interest rates are low, Keynes allowed
for the state to spend to assure sufficient aggregate
demand for the economy to balance at the full
employment level of income. We will return to his
methods in the final question of this chapter.

What should we conclude about this main
question of economics, about how economists
view whether supply can possibly balance
demand, and lead the economy away from the
troubling boom and bust patterns that have
characterized capitalism? The optimist might
point out that most economists believe that firm-
level supply is aggregated into market supply and
likewise market demand is simply the summa-
tion of individual demands. Together these
forces operating at the market level balance sup-
ply and demand well enough and in a way that is
the most eflicient allocation of resources. The
idea that markets allocate efficiently is a deeply
held belief of almost all economists. But cycles
remain, although much less as a percent of GDP
following the publication of Keynes magnum
opus and its partial implementation [31]. Even
so, today Keynes, as represented by arguments as
to whether, or to what degree, governments
should undertake deficit spending to restore
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ailing economies, is very much hotly contested.
The cynic might say “economists throughout the
history of economics often held strongly held
beliefs that were in fact often contradictory to
each other. Today we have little or no better idea
than in the past as to which is correct” This is
hardly a surprise to anyone who follows eco-
nomics today.

What is missing from this and other econom-
ics questions is a consideration of what has
become what is likely to be the most critical issue
of economics today: issues of energy and other
resources. And environmental degradation. The
issue was always how to take nature’s abundance
and mobilize forces to turn that into wealth and
employment. We can perhaps understand how
this came about since economics was mostly
developed before the appropriate science, but the
roots of economics have hardly budged with the
new information we have now on resources and
the environment, and probably most economists
today do not think there is any particular reason
to worry too much about resource or environ-
mental limitations.

2.14.2 Accumulation and Growth

Keynesian economics gained prominence in the
failed growth economy and Great Depression of
the 1930s, but it was, perhaps surprisingly, not
particularly oriented toward growth. Rather it
focused on an explanation of the role of inade-
quate demand and uncertainty in producing
depression, as well as the futility of relying upon
markets alone to produce sufficient demand to
end the depression. A Keynesian growth theory
was not to emerge until the very end of the
depression in 1939. Roy Harrod, Keynes’ collabo-
rator and biographer, began his “Essay on
Economic Dynamics” with the conflict between
what he termed “the actual growth rate” (G) and
the “warranted growth rate” (G,). The actual
growth rate is the percentage change in output
from year to year, x, -x,/x,. The warranted growth
rate follows from the Keynesian tradition of psy-
chological theories of the trade cycles. This is best
remembered as Keynes’ idea of the role of “ani-
mal spirits” in the investment process. It is the
growth rate that leaves all parties satisfied that
they have produced neither more nor less than
the correct amount or the growth rate that will
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lead them to produce just enough to maintain the
rate of growth. The warranted growth rate is
determined by the ratio of the propensity to save
or the change in savings relative to the change in
income (s = AS/AY) and the value of capital
goods needed to produce one unit of output (C).
Stated mathematically: G, = s/C. The instability
emerges from this fundamental equation. If there
is excessive output and G exceeds G, the actual
increase in capital goods per unit of output falls
below the desired level and will lead to an unde-
sired reduction of the capital stock by means of
inventory depletion. Investors will then increase
their capital stock even more, causing a further
movement of G from G . The larger the gap, the
greater the stimulus for further expansion. If the
actual growth rate falls below the warranted
growth rate, excess capacity will emerge, result-
ing in a decline in the incentive to invest. This
creates a positive feedback loop and economic
instability due to the internal dynamics of the
investment process. In Harrod’s own words:

A departure from equilibrium, instead of
being self-righting, will be self-aggravat-
ing...A unique warranted rate of growth is
determined jointly by the propensity to save
and the quantity of capital required by tech-
nological and other considerations. Only if
producers keep to this line will they find that
on balance their production in each period
has been neither excessive nor deficient. On
either side of this ‘field’in which centrifugal
forces operated, the magnitude of which var-
ies as the distance of any point from the war-
ranted line. Departure from the warranted
line sets up an inducement to depart farther
from it. The moving equilibrium of advance is
a highly unstable one [46].

On the 17th page of a 22-page essay, Harrod
introduces the concept of the natural rate of
growth (G ). We mention the pagination
because Solow’s aforementioned critique of
Harrod in his 1956 paper advanced the proposi-
tion that Harrod’s conflict was between the war-
ranted and the natural growth rate, not the
warranted and actual growth rate as Harrod
contended. Population, work/leisure prefer-
ences, capital accumulation, and technology
determined the natural growth rate, which was
defined as the maximum growth rate allowed by
these factors. Furthermore, there is no inherent
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tendency for the warranted and natural growth
rates to coincide. If the warranted rate were to
exceed the natural rate, a depression (or stagna-
tion) would result as the social and economic
forces are limited by the systematic biophysical
limits found in the natural rate. The warranted
rate must fall to the natural rate, and this can be
achieved only by chronic unemployment.
Harrod’s policy recommendations were to
“manipulate the proper warranted rate [by
means of public works, fiscal and monetary
policy] so that it would be equal to the natural
rate” [Harrod 1939: 32].

Harrod’s natural growth rate can be inter-
preted on a biophysical basis by adding the
quantity and quality of energy sources, as well as
the assimilative capacity of the atmosphere and
the oceans as independent variables. The fun-
damental problem remains that the warranted
growth rate that would lead to maximum prof-
its exceeds the natural rate but now by a greater
fraction. Stagnation and unemployment will still
result, and stimulative measures, which may be
successful in the short term, will not rectify the
long-term problem. This problem would rever-
berate through the economy as a whole, includ-
ing labor and financial markets. Combined with
the structural changes enabled by information
technologies that reduce the need for human
workers in the manufacturing and service sec-
tors, short-term stimulative policies may be suc-
cessful in increasing the growth rate but will not
lead to full employment [38]. The impact of the
structural shift in labor markets will not be mea-
sured fully in the unemployment rate but rather
in slow rates of growth of wages and labor force
participation and in long-term underemploy-
ment. Reducing the warranted rate to the natural
rate will be a difficult problem in the absence of
significant social restructuring. Energy prices
will eventually rise, as the undulating plateau
created by the interaction of supply and demand
is transcended by geophysical realities. Most
probably before we lack access to sufficient fossil
fuels, growth-dependent financial markets may
fluctuate wildly before declining. The debt-based
global economies will find it difficult, to say the
least. In a nongrowing economy, capitalist soci-
eties may well tear themselves apart with distri-
butional conflicts in the interim. The problem of
living within nature’s limits is considerably more
difficult than technological optimists believe.

What is needed is to decouple employment from
economic expansion.

Seven years after Harrod’s paper was pub-
lished, Evsey Domar enunciated a similar theory
of growth and instability, although he never read
Harrod’s work until after his own papers went to
the publisher. He made explicit connections
between economic growth and employment in
two papers published in the immediate postwar
period [47, 48]. The expansion of employment
depends not just upon the growth of national
income but upon the rate of growth of national
income. Job growth necessitates that national
income and effective demand (consumption +
investment) grow perpetually at an increasing
rate. After making a set of simplifying assump-
tions including no time lags, the use of net savings
and investment, and a constant price level, but not
fixed proportions of labor and capital, Domar set
out a model word add dynamic elements to the
static Keynesian system. New investment is sim-
ply capital accumulation. It increases national
income but also increases the productive capacity
of the economy. Unfortunately, the national
income that produced full employment would not
be sufficient to produce it in the next because of
increases in technology, the labor force, and
access to new resources. Domar criticized the
mainstream (neoclassical) approach of increasing
income by reducing prices, as price decreases
were a rare occurrence in the monopolized econ-
omy that he observed.

The essence of Domar’s argument lies in the
dual nature of investment. New investment is sim-
ply capital accumulation. As a form of spending,
investment increases aggregate demand and
national income. However, on the supply side,
investment also increases productive capacity.
The instability comes from the fact that the stimu-
lation of demand is short lived, while the expan-
sion of capacity is long lived. Excess capacity
reduces the demand for new capital formation.
From this simple realization, Domar developed a
model that included the growth of investment on
both the supply side and the demand side.

If Y = national income, a = the marginal pro-
pensity to save, then 1/a will equal the multiplier
(k) which shows the degree to which an increase
in spending will translate into an increase in
national income. Domar also posited that o rep-
resented the productive potential of the economy
or, more precisely, the average social productivity



2.15 - Biophysical Economics

of investment. 6 measured the dollar amount
of capital needed to produce a dollar increase
in national income. From the supply side per-
spective, ol represented the total output that an
economy can produce. From the demand side,
AI 1/a indicates the total aggregate demand. In
equilibrium:

AY=All/a =0l

To maintain a constant state of full employment,
investment and national income must grow at a
constant percentage rate ao, which equals the rate
of compound interest. To expand employment to
keep up with resource availability, technology,
and labor force, growth investment must grow
perpetually at an increasing rate. This is unlikely,
if not impossible, because the buildup of excess
capacity stunts the rate of investment growth.
Domar’s model was in the tradition of multiplier-
accelerator models. Balanced growth is difficult
because to have a high multiplier, one must have a
high marginal propensity to consume. To have an
equally high accelerator, one must have a high
propensity to save. Since the sum of marginal pro-
pensity to save and the marginal propensity to
consume = 1, it is impossible for this seemingly
simple mathematical condition to exist in the real
world. Domar concluded by stating that excess
capacity would not be a problem in a competitive
economy, as those firms with too much capital
would go bankrupt. Yet in a monopolized econ-
omy, excess capacity would be a chronic problem
that the private sector could not solve on its own.
According to Domar, the government needed to
assume the role of investment banker to keep the
funds for expansion flowing.

2.15 Biophysical Economics

Most of the economic schools mentioned so far
were growth oriented to greater or lesser degrees.
The main disagreement then, as now, was how
would growth be best achieved? Classical political
and neoclassical economists tended to focus upon
market processes in achieving accumulation and
growth. Karl Marx explored the internal contra-
dictions that inhibited the accumulation process.
Keynesian economics relied on the role of the
government to provide the growth stimulus when
private economy could not. In the absence of
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growth, employment would stagnate and human
well-being would decline. In the early classical
era, growth could be achieved principally by orga-
nizational means; the capacity to increase mate-
rial output by means of technological change
barely existed. It was only in the later stages of
classical political economy, neoclassical, and
Keynesian economics that the ability to increase
output dramatically by means of harnessing
energy-dense fossil fuels was possible.

What, then, should be the purpose of biophys-
ical economics, the approach we are advocating in
this book? Clearly it must deal with a world that is
increasingly dependent upon stocks of fossil fuels,
the depletion of those stocks, and the increasing
difficulty of achieving growth as depletion occurs.
Unlike the utilitarians, biophysical economics
considers and encourages the possibility that
humans can achieve happiness by means other
than the acquisition of ever-increasing quantities
of material goods—goods that cannot be produced
with declining resources. As such, it calls back to
the center stage the question of distribution: for
generations that question has been suppressed. If
the pie has been getting larger then everyone can
get a larger piece. But if the size of the pie is not
growing, who should get how large a piece?

Biophysical economics serves as a wake-up
call to the impending and inevitable end of the
economy based on high-quality fossil fuels and
with it the end of growth economics. It also pro-
vides important caveats as to which of the many
alternatives proffered has a good chance of suc-
ceeding by providing guidelines for the assess-
ment of alternative sources of energy. How we
can live well within nature’s limits is a question
we can no longer afford to postpone or subsume
to a series of equations unconstrained by reality.
But to answer this whole new set of questions, we
must first assess how economists have addressed
the age-old ones, for these questions remain as
relevant for these new conditions as they were
for the circumstances when they were asked. In
other words, for a relatively few decades—a cen-
tury and a half at most—in the most favorable
situations has a year by year increase in general
affluence been the normal condition. It was not
true back when early economists were writing
and it appears no longer true. So, we must pay
attention once again to their questions—but we
need to do that while including an energy per-
spective.
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2.16 Summary

In this chapter, we chronicled the development of
economic thought over the ages focusing, when
we could, on the role played by energy. We also
tried to emphasize the major transitions that
occurred in the actual economy and explored how
they affected the course of economic thought.
Economic thinking and writing in the ancient and
medieval world tended to justify the prevailing
social order of a small elite controlling the society
through land ownership. Collective sets of privi-
leges and obligations were codified as natural law,
and individual self-advancement was castigated
as a mortal sin. By the early 1500s, individualism
emerged in the age of exploration, the Renaissance,
and the Enlightenment.

The first recognized school of thought were
advocates of expanded trade known as the mer-
cantilists. Their basic theory held that the origin
of wealth could be found in the process of
exchange. Buy cheap, sell dear. The real money
was to be made in colonial exploitation and con-
trol of the carrying trade. By the mid-1700s, the
idea that wealth and value could be determined
by adding up the costs of production, rather than
by counting sales, began to emerge. The first
school of thought, the Physiocrats, held that all
value came from “the natural bounty of the land”
and the agriculturalized labor that transformed
nature’s bounty. By the late 1700s, the idea of value
being produced by labor in general became the
norm, as enunciated by Adam Smith and David
Ricardo. Value, and price, could be determined
objectively by adding the costs of production,
especially labor costs.

Smith and Ricardo, along with Thomas
Malthus, lived in an age of the solar flow. Animate
power, biomass, and water served as the primary,
and limited, energy resources. Energy was
embodied in a fixed supply of land and that fixed
amount of land gave rise to diminishing returns
and pressures of a growing population upon the
limited capacity to grow food. Limited energy
densities helped account for the small-scale
nature of production. Although all the classical
economists advocate policies of capital accumula-
tion and economic growth, all believed the even-
tual fate of an economy would be a nongrowing
stationary state. Ricardo and Malthus, especially,
engaged in great debates about the distribution of
society’s income, and each advocated a policy to

redistribute income to their favored classes, as
class was the primary unit of analysis. Ricardo
favored putting money in the hands of the newly
emerging capitalist class, who would invest the
money to drive economic progress, while Malthus
tavored the landed aristocracy who would spend
the money on comforts and personal servants,
ensuring adequate spending and keeping the
economy from stagnation and depression.

John Stuart Mill was a transition figure. He
started out as an advocate of the labor theory of
value but popularized the principles of utilitarian-
ism that would come to characterize neoclassical
economics. Mill still believed that the fate of the
economy was in the stationary state, but unlike
his predecessors believed such a state could be
superior to a growing economy where individuals
stepped on one another’s backs in order to get
ahead.

Karl Marx was the first economist of the
industrial revolution. He realized the productive
power of fossil fuel-driven machinery to enhance
labor productivity and to augment wealth and
income. But Marx’s analytical method looked for
contradictions. The same economic forces that
increased wealth and income expanded the
exploitation of labor. The economic process of
recapitalizing the surplus labor of workers sets the
condition for an internally generated decline in
the rate of profit and an economic crisis. The pro-
cess of capital accumulation that resulted in
increased wealth also undermined systematically
the very material conditions of its existence: the
worker and the soil. Unlike prior classical political
economists, Marx was interested in the transition
to the next society, rather than the perpetuation of
the existing form of capitalism.

Within a decade of the publication of the first
volume of Marx’s Capital, a fundamental episte-
mological break occurred in economic theory.
The marginal revolution occurred, and the deter-
mination of value was to be found in the sphere of
exchange rather than in the process of produc-
tion. In addition, value now depended upon the
subjective well-being of the individual rather than
upon an objective counting of labor hours. Social
class ceased to be a proper category of analysis,
and the historical specificity of classical political
economy gave way to universal theory. The focus
of accumulation gave way to a search for static
equilibrium. The marginalism of the 1870s
became the neoclassical economics when the
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process of production was placed on a marginal
utility basis. Supply and demand graphs made
their appearance, and the purpose of economics
became price determination. By the 1920s, the
neoclassical approach expanded beyond the well-
being of the individual and began treating the
economy as a whole as if it were an individual
market. Competition and flexible prices became
the method of self-regulation, not just for indi-
vidual markets but for the entire economy.

At the turn of the nineteenth to the twentieth
centuries, institutional economists such as
Thorstein Veblen criticized strongly the neoclassi-
cal ideas about human behavior, ideas on perfect
competition, and the very idea of self-regulation.
For Veblen and his followers, price formation
should not be the focus of economics. Rather eco-
nomic evolution by means of structural and insti-
tutional change was the path to a deep
understanding of how an economy operated.
Veblen, like Marx, based his theory on conflict
and contradiction: the conflict between business
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idea that substitution of resources would result in
a steady-state growth path. Keynesian and neo-
classical debates characterized the 1960s, but
Keynesian economics fell into disrepute when its
policies could not solve the problem of simultane-
ous recession and inflation. Neoclassical econom-
ics reemerged as the dominant mode of economic
thought in the 1980s and has remained the pri-
mary approach by which today’s students are
taught about the economy.

Yet there is need for a more comprehensive
theory, as the mainstream Keynesian-neoclassical
synthesis excludes the crucial role of energy and
discounts the disruption of the Earth’s biophysical
systems. This is the void that biophysical econom-
ics seeks to fill. Fortunately, many lessons can be
learned from economic analyses of the past, espe-
cially those of classical political economy. We
hope you have gained a better understanding and
appreciation that the role of history plays in shap-
ing the future.

and industry and the conflict between the ethic of §) Questions

workmanship and that of predation.

While the dominance of neoclassical econom-
ics could survive the ideas of a Veblen, it could not
so easily survive the devastation of the Great
Depression. The idea of self-regulation fell into
disrepute in an era of 25-50% unemployment
rates and a collapse of industrial production. This
social dislocation provided a fertile backdrop for
the ideas of John Maynard Keynes who argued
that economic equilibrium could occur at any
level of output, even levels that produced high
unemployment. Keynes advocated reducing
unemployment by expanding overall, or aggre-
gate, demand. He discounted the idea that the
private economy could produce sufficient
demand, so he advocated the role of government
spending as a solution. Yet Keynesian economics
was not about producing economic growth, it was
about recovery and stability. If anything “proved”
Keynesian economics worked, it was the eco-
nomic recovery, especially in the United States
that accompanied the Second World War. Little
concern was displayed, even by the most conser-
vative legislators, for budget deficits when it came
to defeating fascism.

After the war both a Keynesian and a neoclas-
sical growth theory emerged. Keynesian growth
theory emphasized the instability of the economy,
while neoclassical growth economics stressed the

1. Do you think that combining natural
science and economics is a good idea?
Why or why not?

2. How is a city like a natural ecosystem?
How is it different?

3. What ideas did you get in this chapter
from earlier economists that you think
might be important for understanding
our current situation?

4. Can you think of a “peak oil” situation
that occurred 150 years ago? Does that
have any relevance today?

5. Why do you think economists have
tended to ignore energy in their basic
equations? Were they justified in doing
that?

6. Where did the early group of economists
known as the physiocrats believe that
wealth came from?

7. Define relative vs. absolute scarcity.

What is economic surplus?

9. What are Heinberg’s “five strategies for
obtaining energy?”

10. Discuss one of the four main economic
questions.

11. List four major schools of economics
over time and one idea associated with
each

12. What is natural capital?

©
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13. What is the source of wealth for a
physiocrat? A classical economist? A
neoclassical economist? Yourself?

14. What was the “Wealth of Nations?” How
does that relate to the title of this book?

15. Give one of the great economic ideas
derived by David Ricardo.

16. What was the “diamonds vs. water”
paradox? How was it resolved?

17. How did Keynes think we could diminish
the large swings in the capitalist
economy?

18. What did classical political economy
have to say about the distribution of
wealth?

19. Discuss comparative advantage.

20. What is the “best first principle?”

21. Was Karl Marx principally interested in
communism?

22. Did Mill think about the distribution of
wealth?

23. What important factor did the
Cobb-Douglass production function
leave out?

24. What are the main two views as to
whether economies can balance supply
and demand?

25. What earlier economist probably had the
largest impact on what is taught today in
basic economics courses?
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3.1 Introduction [1]

The first chapter of this book summarized how
we undertake economics, and our explanation
for that approach in the modern Western world.
The second chapter introduced the idea that this
contemporary view of understanding econom-
ics is just one of many ways that humans have
understood how the economy operates. The last
century has seen the ascendancy, indeed intel-
lectual dominance, of neoclassical economics
(NCE, also known as Walrasian economics).
The basic NCE model represents the economy
as a self-maintaining circular flow among firms
and households, driven by the psychological
assumptions that humans act principally in a
materialistic, self-regarding, and predictable way.
Unfortunately, the NCE model violates a number
of physical laws and is inconsistent with actual
human behavior, rendering it to be an unrealistic
and a poor predictor of people’s actions. Recently,
an array of experimental and physical evidence
and theoretical breakthroughs demonstrate the
disconnect between evidence and neoclassical
theory. Despite the abundance and validity of
these critiques, few economists seriously ques-
tion the efficacy of the neoclassical paradigm
that forms the foundation of their applied work,
although behavioral economists such as George
Ackerlof and Richard Thaler have received Nobel
Prizes precisely for questioning the assumptions
about rationality. This is a problem because policy
makers, scientists, and others turn to economists
for answers to important questions. The sup-
posed virtues of “privatization,” “free markets,”
“consumer choice;” and “cost-benefit analysis”
are considered to be self-evident by most practic-
ing economists, as well as many in business and
government. In fact, the evidence that these con-
cepts are correct is rather slim and contradictory.
Thus, this chapter is a strong critique of economic
theory, in this case NCE.

We offer a review and synthesis of NCE, pay-
ing particular attention to the lack of connection
of NCE to biophysical reality and its inadequate
characterization of human behavior. When all the
criticisms are taken as a whole, it is clear that the
NCE framework stands on an untenable founda-
tion and that some other basis for interpreting
economic reality must be found. NCE is very lim-
ited in its usefulness and cannot guide us in our
attempts to deal with the most critical issues of

our time, such as the depletion of oil and gas, cli-
mate change, financial crises, inequality, and the
destruction of much of nature. We end by sketch-
ing alternative characterizations of human behav-
ior and economic production.

3.1.1 Economic Issues
Appropriately Assessed
with Conventional Economics

Before we begin we wish to emphasize that there
are any number of conventional “economic” ques-
tions about which we believe that conventional
economic procedures are accurate and appropri-
ate. For example, we have no argument with cost
and gain accounting procedures used by busi-
nesses and individuals. One must balance one’s
own accounts using just dollars, although one can
think about the meaning of those dollars in terms
of their energy backing. Our issue is with the
theory that forms the basis for economic think-
ing. This theory is the basis for more complex
economic thinking.

3.2 Some Fundamental Myths

of NCE

The edifice of NCE is built on myths and based on
an outdated worldview. These myths are not
merely harmless allegories because they provide
the foundation upon which economic policy is
made and cultural attitudes are distilled. Thus, the
worldview and policy prescriptions of most econ-
omists can only be described as “faith based”
because many fundamental tenets of NCE are
inconsistent with economic reality.

3.2.1 Myth 1: ATheory of Production
Can Ignore Physical and
Environmental Realities

Real economies are subject to the forces and laws
of nature, including thermodynamics, the con-
servation of matter, and a suite of environmental
requirements. NCE does not recognize or reflect
the fact that economic activity requires the
inputs and services of a finite biophysical world
which is usually diminished and degraded by
that activity.
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3.2.2 Myth 1a: The Economy Can
Be Described Independently
of Its Biophysical Matrix

NCE begins with a model depicting abstract
exchange relations considered only as goods and
services and money within a world unrealistically
limited to markets, firms, and households. Real
economies also require material and energy from
the natural world to allow that exchange and are
limited by the material and energy transformations
necessary for economic activity. Students are intro-
duced to the circular flow model of the economy in
the first days of principles of economics. This con-
ceptual vision of the economy is one of a self-
contained and self-regulating system independent
of the biophysical system and its laws. There are but
two sectors, households and firms, with goods and
services going from firms to households, and pro-
ductive inputs (land, capital, and labor) going from
households to firms. As seen in » Chap. 1, all human
interactions take place in markets. Firms acquire
the property right for land, labor, and capital in the
factor market by payment of rents, wages, interest,
and profit. Consumers in the household receive
goods and services in exchange for money. All
exchanges are seen as voluntary and made in the
pursuit of self-interest. For the model, at this basic
level, to be self-regulating the money that flows
from firm to household (the sum of factor pay-
ments) must equal the total expenditures on goods
and services. No money is saved, and no profits are
retained by business for reinvestment. But more
importantly from a thermodynamic point of view,
the material and energy inputs required for produc-
tion are simply left out of the model.

Neither monetary value nor physical materials
are lost to heat or erosion as inputs are trans-
formed into goods and services. Thus, the circular
flow model represents an abstract notion of an
economic system that cannot exist.

The NCE notion of scarcity is disconnected
from biophysical reality for it is never absolute but
only relative to unlimited wants. If we are con-
fronted by the limits of one resource, the imagina-
tive human mind, driven by the proper set of
monetary incentives and protected property rights,
we will always create a substitute. No input is criti-
cal, therefore neither absolute scarcity nor the need
of any particular resource is a problem in the long
run. Thus, in the NCE world the economy can
simultaneously experience relative scarcity and
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infinite growth. Competitive prices, formed in mar-
kets, assure that resources flow to their best use.

Nicholas Georgescu-Roegen and his student
Herman Daly were among the first to point out the
absurdity of this depiction of production. Real
economies cannot exist outside the global biophys-
ical system, which is essential to provide energy,
raw materials, and a milieu within which it can
operate and assimilate wastes [2, 3]. Their first step
to make an economic model consistent with reality
is to put the economy inside the global biophysical
system. Some natural scientists have gone several
steps further. Several writers [4-7] demonstrate
clearly that the NCE model is unacceptable because
(1) its boundaries are drawn incorrectly and (2) the
model is de facto a perpetual motion machine
because it has neither energy inputs nor entropic
loss. Many economists today, including many
recent Nobel Prize winners (e.g., Paul Krugman,
Amartya Sen, Joseph Stiglitz, George Akerlof, and
Elinor Ostrom) have very serious reservations with
the contemporary model. Most of the authors ref-
erenced in this paragraph, the authors of this book,
and many other physical and social scientists are
not interested in simply making corrections to the
basic NCE models. Instead these scientists and
others believe that the NCE model is incorrect at
its core. For starters, while money may cycle seem-
ingly indefinitely among goods and services, the
real economic system cannot survive without con-
tinual inputs from, and outputs to, nature.

3.2.3 Myth 1b: Economic Production
Can Be Described Without
Reference to Physical Work

The neoclassical economists’ model of production
does not require any specific physical inputs but is
solely an exchange of existing entities among firms
and households. The economic process is driven
not by the availability of physical resources, but
rather by human ingenuity as depicted in the still
widely used Cobb-Douglas function. The quantity
of output produced (Q) is a function of only capital
(K) and labor (L).

Q = AK°LP where « represents capital’s share
of output,  stands for labor’s share, and 1 > a > 0.
Moreover, a + p must add to one, so p = 1 - a. The
product of capital and Labor is also multiplied by
some constant A, considered “pure technological
change,” or total factor productivity.
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In this model technology is independent of the
inputs of land and capital and is calculated as a
“residual” left when the contributions of the mea-
sured factors (i.e. capital and labor) are subtracted
from the growth rate of total economic output [8].
Not surprisingly the residue tends to increase over
time. Thus, most economists believe that technology
is difficult to measure but can increase the produc-
tive power of the economy without limit. With the
assumption that there are no diminishing returns to
technology, there is no need to worry about physical
work or the scarcity of any productive input.

The preoccupation with pure technological
change as the driver of economic growth has caused
earlier neoclassical economists to virtually ignore
the critical importance of energy in powering the
modern economy [8]. In contrast, many natural
scientists and some economists have concluded
that the explosion of economic activity during the
twentieth century was due principally to the
increase in the ability to do work through the
expanding use of fossil fuel energy. In fact, the neo-
classical economist’s technology residual disap-
peared when energy was included as an input.
Energy as a factor of production was more impor-
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GOODS AND SERVICES
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O Fig. 3.1 The neoclassical view of how economies work.
Households sell or rent land, natural resources, labor, and
capital to firms in exchange for rent, wages, and profit
(factor payments). Firms combine the factors of production

tant than either capital or labor for Germany, Japan,
and the United States in recent decades [6]. Further
Ayers and Warr [9] found that most improvements
in “technology” have been simply an increase in the
quantity of energy used or the efficiency of getting
it to the point where the work is done. Although
NCE models purport to show that technology
alone has driven the industrial economy, histori-
cally, it has been a technology that mostly has found
new sources of, and applications for, energy.

There are a number of additional, more spe-
cific, criticisms that the natural scientist can level
against the basic neoclassical model as summa-
rized in Hall et al. 2001 [6]. These criticisms are
devastating to the fundamental approach taken by
neoclassical economics and taken together mean
that there is no possibility that we can assign any
validity to the basic neoclassical model.

3.2.4 Specific Criticism 1:
Thermodynamics

Contemporary economics and its fundamental
household-firm-market model (8 Fig. 3.1) pays
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and produce goods and services in return for consumption
expenditures, investment, government expenditures, and
net exports. This view represents, essentially, a perpetual
motion machine. See also B Fig. 1.1
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only minimal attention to the first law of thermo-
dynamics, and none at all to the second. In fact, the
second law is completely incompatible with the
conceptual model known as the circular flow. In the
circular flow diagram, there is never any value lost
to waste or entropy. Specifically, there is no dissipa-
tion of the useful work of energy as it is used, and
hence no requirement in that model for an input of
new energy. This is a serious conceptual flaw and an
obstacle to designing economic policies that can
meet the challenges of pollution, resource scarcity,
and depletion successfully. In effect, the two laws of
thermodynamics say, “Nothing happens in the
world without energy conversion and entropy pro-
duction” The consequences are: (1) Every process
of industrial and biotic production requires the
input of energy. (2) Because of the unavoidable
entropy production, the valuable part of energy
(called exergy) is transformed into useless heat at
the temperature of the environment (called anergy),
and usually matter is dissipated, too. This results in
pollution and, eventually, the exhaustion of the
higher-grade resources of fossil fuels and raw mate-
rials. (3) Human labor, powered by food, can be,
and was, replaced by energy-driven machines in
the course of increasing automation. This has
allowed an increase in the productivity of labor, as
each worker can do more real work. But it also
makes much of labor increasingly superfluous.
Although the first and second laws of thermo-
dynamics are among the most thoroughly tested
and validated laws of nature and state explicitly that
it is impossible to have a perpetual motion machine
(i.e., a machine that performs work without the
input of exergy), the basic NCE model is a perpet-
ual motion machine, with no material require-
ments and no limits (8 Fig. 3.1). Most economists
have accepted this incomplete model and have rel-
egated energy and other resources to unimportance
in their analysis. Rather than placing the economy
within the confines of nature, this approach rele-
gates all the limits of nature to a minor position
within a system of self-regulating markets. This
attitude was cemented in the minds of most econo-
mists by the analysis of Barnett and Morse [34],
who found no indication of increasing scarcity of
raw materials (as determined by their inflation cor-
rected price) for the first half of the twentieth cen-
tury. However, their analysis, although cited by
nearly all economists interested in the depletion
issue, was seriously incomplete. Cutler Cleveland
showed that the only reason that decreasing con-
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centrations and qualities of resources were not
translated into higher prices for constant quality
was because of the decreasing price of energy [10].
Thus, it is only because of the historic abundant
availability of many natural resources that econom-
ics can assign them low monetary value despite
their critical importance to economic production.

3.2.5 Specific Criticism 2:
Boundaries

The basic model used in neoclassical economics
(B Fig. 3.1) does not include boundaries that in any
way indicate the physical requirements for, or effects
of, economic activities. We believe that at a bare
minimum @ Fig. 3.1 should be reconstructed as
O Fig. 3.2 to include necessary resources and genera-
tion of wastes. Taking this assessment one step fur-
ther, we believe that something like B Fig. 3.3 is the
diagram that should be used to represent in more
detail the physical reality of an economy’s working. It
shows the flow of energy and matter across the
boundary separating the reservoirs of these “gifts of
nature” from the realm of cultural transformation
within which sub-boundaries indicate the different
stages of their further transformation into the goods
and services of final demand. Such a diagram should
be presented to every student in an introductory
economics course so that the ways the economic
process operates in the real world are properly
understood. Another way of reflecting the necessary
changes is that @ Fig. 3.4 shows the standard econo-
mist’s view of one person’s role in the economy, while
@ Fig. 3.5 gives the biophysical perspective of what
biophysical materials are actually needed to operate
the economy for one person for 1 year. Superior, and
more detailed conceptual models of the biophysical
perspective will be found in » Chap. 5.

3.2.6 Specific Criticism 3: Validation

Natural scientists expect theoretical models to be
tested before applied or developed further.
Unfortunately, economic policy with far reaching
consequences is often based on economic models
that, although elegant and widely accepted, are not
validated. Economists test regularly many hypoth-
eses. Topics such as the effects of income on con-
sumption or the tax rate on economic output are
regularly subjected to the rigors of linear regres-
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B Fig.3.3 A more comprehensive and accurate model
of how real economic systems work. This is the minimal
conceptual model that we would accept to represent how
real economies actually work. Natural energies drive
geological, biological, and chemical cycles that produce
natural resources and public service functions. Extractive
sectors use economic energies to exploit natural
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resources and convert them to raw materials. Raw
materials are used by manufacturing and other intermedi-
ate sectors to produce final goods and services. These
final goods and services are distributed by the commer-
cial sector to final demand. Eventually, non-recycled
materials and waste heat return to the environment as
waste
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O Fig.3.4 A conventional
economist’s view (or
perhaps a caricature of
that) of one person’s inputs
and outputs to the process
of economic production
for 1990 (Source:

Hall et al. [32])
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sion, and even nonlinear statistical methods.
However, questions about the ideological world-
view of NCE are not often tested. Behavioral
assumptions such as rationality, self-regarding
preferences, and the connection between higher
levels of material consumption and happiness are
not always, if ever, tested. Neoclassical economists
consider them to be “maintained hypotheses” that
do not require empirical verification. Validation
also proves difficult or impossible because both
classical and neoclassical theories were originally
developed using concepts of production factors as
they existed in preindustrial and agrarian societies

[14]. These theories have been transferred more or
less unchanged to applications in the modern
industrial world. No provisions have been added
to the basic theory for industrialization and its
consequences. As the Nobel Laureate in Economics
Wassily Leontief noted [12], many economic
models are unable “to advance, in any perceptible
way, a systematic understanding of the structure
and the operations of a real economic system”;
instead, they are based on “sets of plausible but
entirely arbitrary assumptions” leading to “pre-
cisely stated but irrelevant theoretical conclu-
sions”
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While we have no argument with the develop-
ment of theoretical assumptions or models, they
normally should be put forth as hypotheses, that is,
as a good assumption or guess as to how something
operates. This is how the scientific method works,
and this is the most powerful way that we have to
find out how the world actually works. Then the
hypotheses can be tested, and if it stands up well can
be advanced to a theory or perhaps eventually a law.
But although there are some economists who appro-
priately use hypotheses, there has been no attempt to
build up the main theoretical model of economics as
a set of testable and tested hypotheses. Instead eco-
nomics is constructed as a series of logical constructs
that make a certain sense (from a limited perspec-
tive), but hardly encompass how real economic sys-
tems operate. We believe economists should adopt
this perspective and test the supposedly maintained
hypotheses, instead of treating belief in the self-
regulating market as a matter of faith!.

Most noneconomists do not appreciate the
degree to which contemporary economics is laden
with arbitrary assumptions. Nominally objective
operations, such as determining the least cost for a
project, evaluating costs and benefits, or calculating
the total cost of a project, normally use explicit and
supposedly objective economic criteria. In fact, such
“objective” analyses, based on arbitrary and conve-
nient assumptions, produce logically and mathemat-
ically tractable, but not necessarily correct, models.

The authority economists often assign to their
“physics-based” models, starting with the basic
neoclassical model of the economy, are somewhat
curious. In neoclassical production theory, the
price vector is given by the gradient of the output
in the space of the production factors just as the
vector of a conservative physical force is given by
the gradient of potential energy in real space [13].
The quite imperfect economic analogy should not
be confused with the thermodynamically rigor-
ous model in physics, and unavoidably fuzzy
economic models should not become more pre-
cise simply because they distantly share concepts.

3.2.7 Myth 2: A Theory of
Consumption Can Ignore
Actual Human Behavior

The second main way that conventional neoclassi-
cal economic models are unrealistic is that the
model assumes that humans behave as individuals

and do not care what others think of them. These
are referred to as “self-regarding preferences”” Yet,
we have known since the time of Aristotle that
humans are social animals. Few of us would want
to live in total isolation, no matter how many crea-
ture comforts we might possess. Interestingly
enough, most economists pay homage to Adam
Smith, but few have ever read him in the original.
If you chose not to follow this path, we suggest you
read Smith’s Theory of Moral Sentiments, in which
he spends hundreds of pages detailing how social
approval governs our behavior, and that humans
have an altruistic side as well as an individualistic
one. But just as NCE production assumptions vio-
late principles of physics, its assumptions about
human behavior are inconsistent with both a large
body of psychological and neurological research
and even everyday human experience. It is well
established that real human beings are other
regarding, that is, how one person values a certain
economic outcome depends on how much it is
valued by others. It is also well established that the
consumption of market goods cannot be equated
with an individual’s happiness. Nevertheless, the
fundamental behavioral assumptions of NCE
require self-regarding consumers whose happi-
ness depends essentially, or even only, upon their
consumption of market goods. The cultural con-
text of behavior is deemed irrelevant to neoclassi-
cal economic analysis as the emphasis is entirely
on the behavior of the isolated individual.

3.2.8 Myth 2a: Homo Economicus Is
a Scientific Model That Does
a Good Job of Predicting
Human Behavior

At the heart of standard neoclassical economic
theory is the model of human behavior embodied
in homo economicus or “economic man.” Economic
texts usually begin with a very general statement
about human nature that is soon codified into a set
of rigid mathematical principles resting upon the
idea that “people maximize their well-being by
consuming market goods according to self-
regarding, consistent, constant, well-ordered, and
well-behaved preferences” However, the assump-
tion that people are entirely, or mostly, self-regard-
ing has been shown to be false by considerable
contemporary work in behavioral economics,
neuro-economics, and game theory [15-17]. For
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example, Henrich and colleagues, after examining
the results of behavioral experiments in 15 societ-
ies ranging from hunter-gatherers in Tanzania and
Paraguay to nomadic herders in Mongolia con-
cluded: “[T]he canonical [NCE] model is not sup-
ported in any society studied” In experimental
settings and under real-world conditions, humans
consistently make decisions that favor enforcing
social norms over ones that lead to their own
material gains [18]. Gintis describes several exper-
iments showing that humans are both far more
altruistic and far more vindictive than the NCE
“rational” actor model allows. They will make
decisions to punish persons they will never again
encounter if those people “cheat” in experimental
transactions, even if this means considerable
monetary loss to themselves. Rather than humans
being simply self-regarding, they have a high
regard for seeing that others “follow the rules” and
treat other people decently.

The centrality of the behavior of isolated indi-
viduals is reflected in the notion that consumers
are sovereign, meaning independent in their
behavior, in a market economy. Ackerman and
Heinzerling [19] point out that the rise of eco-
nomic orthodoxy put consumers at the center of
analysis. The idea is that producers respond to
consumer preferences rather than the reverse. Yet
we all know that, in fact, consumer tastes are both
grossly and subtly manipulated and that firms
barrage us with advertising to increase their mar-
ket share. Nonetheless, the centrality and preemi-
nence of the individual in orthodox economic
analysis precludes any analysis or emphasis on the
context of individual behavior.

3.2.9 Myth 2b: Consumption of
Market Goods Can Be
Equated with Well-Being
and Money Is a Universal
Substitute for Anything

Most economic texts simply equate utility with
happiness and assume that utility can be mea-
sured indirectly by income without any substan-
tive or formal discussion of the matter [20]. The
higher the income, the better off an individual
(and hence society) is supposed to be. Yet there is
considerable evidence that, past a certain point,
income is a positional good; that is, if everyone’s
income goes up there is little or no long-term gain
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in social well-being. This implies that policies
designed merely to increase per capita income
may have a negligible effect if the goal is to
improve social welfare.

Psychologists have long argued and docu-
mented that well-being derives from a wide vari-
ety of individual, social, and genetic factors. These
include genetic predisposition, health, close rela-
tionships, marriage, and education—as well as
income [20]. It is generally true that people in
wealthier countries are happier than people in
poorer countries, but even this correlation is weak,
and the happiness data show many anomalies
[21]. For example, some surveys show that people
in Nigeria are happier than wealthier people in
Austria, France, and Japan [22-24]. Past a certain
stage of development, increasing incomes do not
lead to greater happiness. For example, real per
capita income in the United States has increased
sharply in recent decades, but reported happiness
has declined [25].

When economists equate utility with income
in the NCE model, this affects the policy recom-
mendations of economists which in turn impact
the natural world. According to Arrow and col-
leagues [26], “sustainability” means simply main-
taining the discounted flow of income over time.
Leaving future generations with the same or
greater real income than the present leaves them
at least as well-off no matter what happens to spe-
cific features of the natural world. By this reason-
ing if the present discounted value of a rainforest
is $1 billion in ecosystem services if left intact, but
can generate a discounted investment flow of $2
billion if it is clear cut and sold, then it is the moral
responsibility of the present generation to cut
down the rainforest. With $2 billion the future
generation could buy another rainforest or some-
thing of equal value and have $1 billion left over.
This is the logic used by some economists to jus-
tify the destruction of a substantial portion of the
planet’s ecosystems and species [27].

3.2.10 How the Neoclassical
Model Fails to Deal
with Distributional Issues

A different but extremely important and pungent
critique of the neoclassical model comes from
recent work by John Gowdy [27, 28]. Gowdy takes
as his starting point the welfare model of John
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Rawls. (Here “welfare” is the same as “utility”) The
basis of welfare economics is that each individual
gains welfare proportional as his or her real dis-
posable income increases. Thus, a given individ-
ual will be “better oft” 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 optimization. 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 eco-
nomics and has been used incessantly as a logic
for developmental plans that tend to pay most
attention to increasing GNP and relatively little
attention to who gets the proceeds. This of course
avoids the contentions within the developing
world that development tends to enrich those
who have, while doing little, or even impoverish-
ing, those that have not. By the Rawlsian-Pareto
logic, or at least as employed by most contempo-
rary neoclassical economists, if the total wealth is
increased the distribution is not important, or at
most is quite secondary. The entire economic per-
spective is often associated with social notions
that people are well-off or not in accordance to
their own efforts rather than due to factors out-
side their control.

Gowdy argues against the economists’ posi-
tion that distribution is not an important issue by
summarizing considerable recent psychological
investigation that shows that human welfare and
happiness does not increase linearly with income,
but rather is curved downward. Hence supplying
poor people with the basic necessities of life gen-
erates 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 is
well-off. Curiously this is a conclusion also
reached by thinking about the concept of mar-
ginal value—that the first units of something have
much more value than additional units—a fact
conveniently ignored by marginalist neoclassical
economists! Instead the marginal utility of money
is assumed to be constant. If it were not, the neo-
classical theory of income distribution could not
produce efficiency and equity. Finally, 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 the basic tenets of neoclassical
economics.

What Economists Think
of These Ideas

3.2.11

Mostly conventional economists do not think at
all about these problems with conventional eco-
nomics but stick very closely to the accepted neo-
classical model. But there are some partial
exceptions. The Nobel Laureate in Economics
Robert M. Solow considered the possibility in
1974 that “The world can, in effect, get along
without natural resources” because of the techno-
logical options for the substitution of other factors
for nonrenewable resources [11]. More recently,
Solow stated “It is of the essence that production
cannot take place without some use of natural
resources.” Clearly, there is need for more analyti-
cal and empirical work (some of which we pro-
vide in later chapters) on the relation between
economic production and natural resources,
especially energy, and how much of the resources
are actually needed. Many economists today,
including many recent Nobel Prize winners (e.g.,
Akerlof, Krugman, Sen, Stiglitz) have very serious
reservations with the contemporary model,
although none has explicitly endorsed the bio-
physical alternative.

We might ask why economists pay so little
attention to the biophysical alternative. The con-
ventional neoclassical view of the low importance
of energy and materials goes back to the early
days of neoclassical economics. Initially, the focus
was not so much on the generation of wealth but
rather on the “efficiency of markets” and the dis-
tribution of wealth. The model of pure exchange
of goods starts without considering their produc-
tion. With a set of mathematical assumptions on
rational consumer behavior, it was shown that
through the exchange of goods in markets, an
equilibrium situation results in which all consum-
ers maximize their utility. This benefit of (perfect)
markets is generally considered the foundation of
free market economics. It shows why markets,
where greedy or at least “self-regarding” individu-
als meet, work at all. Later, when the model was
extended to include production, the problem of
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the physical generation of wealth had to be insep-
arably coupled to the problem of the distribution
of wealth. In the neoclassical concept of equilib-
rium, the activity of profit maximizing entrepre-
neurial behavior generates the situation where
factor productivities (e.g., the respective contri-
bution of capital, labor, and energy) equals factor
prices. This means that in conventional economic
analysis, the weights which the production factors
contribute to the physical generation of wealth are
determined by, and evaluated by, the factor cost
shares. Thus, energy’s importance is assumed by
most economists to be equal (only) to its cost,
which typically is small, only 5-10% of the cost of
all goods and services.

Unlike their classical predecessors, neoclas-
sical economists do not even bother to include
the process of how things are actually made in
their analyses. They just take the input prices
and put them into a function, and the price and
quantity of output are automatically generated.
Here lies the historical source of the economists’
underestimation of energy as a production fac-
tor, because in industrial market economies
energy cost, on the average, is only 5-6% of the
total factor cost (and of GDP). Therefore, econo-
mists either neglect energy as a factor of produc-
tion altogether, or they argue that the
contribution of a change of energy input to the
change of output is equal only to energy’s small
cost share of 5-6%. This has led to a long-lasting
debate on the impact of the two energy price
explosions in the years 1973-1975 and 1979-
1981 when the cost of energy increased to 14%
of GDP even while supplying less physical
energy. As we show below, and more explicitly in
Hall et al. (2001), energy is more important in
production than either labor or capital, although
all three are needed. Curiously energy’s low
price is the reason for its importance, not its
unimportance. For 200 years the economy has
received huge benefits from energy without hav-
ing to divert much of its output to get it. This is
because basically we do not pay nature for
energy, but only the cost of exploiting it.
Likewise, the finite emission absorption capacity
of the biosphere is more important to future
economic growth than its present (nearly van-
ishing) price seems to indicate.

Neoclassical models built on the assumptions
of B Fig. 3.1 cannot explain the empirically
observed growth of output by the growth of the
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factor inputs. There always remains a large resid-
ual (i.e., a statistical “leftover” that is not explained
by the factors used in the analysis, in this case,
capital and labor). This is formally attributed to
what economists call either “technological prog-
ress” or improvements in “human capital,” which
are long-term increases in skill and education of
workers. Even Robert Solow stated, “This ... has
led to a criticism of the neoclassical model: it is a
theory of growth that leaves the main factor in
economic growth unexplained” [11]. As we will
argue below, weighting a factor by its cost share is
an incorrect approach in growth theory.

In fact, the human economy uses fossil and
other fuels to support and empower labor and to
produce and utilize capital. Energy, capital, and
labor are then combined to upgrade natural
resources to useful goods and services. Therefore,
economic production can be viewed as the pro-
cess of upgrading matter into highly ordered
(thermodynamically ~ improbable) structures,
both physical structures and information. Where
the economist speaks of “adding value” at succes-
sive stages of production, one may also speak of
“adding order” to matter through the use of free,
or unbounded and available, energy (exergy). The
perspective of examining economics in the “hard
sphere” of physical production, where energy and
material stocks and flows are important, is called
biophysical economics. It must complement the
social sphere perspective.

3.2.12 Why Theory Matters

It is in the policy arena that the ideological nature
of NCE reveals itself most completely. Most econ-
omists substitute the mythical NCE world of
rational agents, certainty, and perfect information
for the complex reality and uncertainty of real
economies. Where reality and the neoclassical
model disagree, reality is increasingly forced
through policy to conform to the neoclassical
model [29]. Neoclassical economists generally
assume that people always respond rationally and
consistently to price signals; therefore, the goal of
economic policy is to assign property rights and
“get the prices right” The corollary assumption is
that things of value to people have a price, and
anything without a market formed price must lack
value. Prices are theoretically capable of reflecting
all the relevant attributes of any good or service
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and all that people value. The rest of us are asked
to take the validity of these assumptions and anal-
yses on faith and to turn our complex decision-
making increasingly over to barely regulated
markets and cost-benefit analyses. This emphasis
frequently leads to fundamental policy-related
failures and problems that include the following:
1. The ultimate policy goal of NCE is not to
correct any particular problem directly but
rather to correctly value the problem in terms
of everything else so that the “calculating
machine” of the market can establish the
pecking order of priorities. The focus on
establishing “general market equilibrium”
frequently means neglecting essential details
of the policy problems under consideration,
especially those for which it is difficult or 4.
impossible to determine a price (i.e., oil
depletion, environmental degradation, and
global climate change). Hence when we pur-
chase a gallon of gasoline, we pay only for get-
ting that gallon to the pump, not for finding a
new gallon to replace it, or something else if
oil depletion makes replacement impossible.
2. The NCE model makes no qualitative dif-
ference between needs and wants, or among
commodities produced, or among specific
productive inputs, including energy. Every-
thing we find useful is treated like an abstract
commodity substitutable for and by anything
else. Absolute scarcity does not exist nor,
within certain broad limits, are any specific
conditions deemed necessary for human
existence. Value is a relative matter expressed
in relative prices. Because no single thing is 5.
essential, substitution among resources and
commodities will occur until the marginal
value of a commodity is the same for all com-
modities. At this point, rational individuals
have made optimal choices, and the sum of
all optimal choices leads us to the “best of all
possible worlds.” Thus, the tastes of affluent
teenagers in malls for unnecessary but heav-
ily advertised clothes or gadgets are given as
much weight per dollar spent as health care
or education for the less affluent.
3. The model assumes that aggregate income
is a complete and sufficient measure of
well-being. Operationally this means that
total costs and benefits of policies can be
determined by merely adding the monetary
changes in the incomes of all isolated individ-

uals affected. This implies that relative income
effects don’t matter to the individual—for
example, a loss of $1000 to a poor person can
be more than compensated for by a gain in
$1100 to a billionaire. Similarly, neoclassical
economists consider preferences to be exog-
enous to social context. Yet numerous studies
have found that relative income effects matter
and sometimes these effects can completely
cancel out increases in total income which is
always the primary goal of NCE. How much
one person values a gain or loss depends on
what others get, the income of each person
relative to others, the “fairness” of the income
change, and a variety of other social factors
which are not included in the NCE model.
“Sustainability” in the NCE model means
sustaining only the discounted flow of per
capita income, not anything else such as
biodiversity, oil stocks, human health, or
social cohesiveness. This is known as weak
sustainability. However, to live within nature’s
limits, we need to arrive at the conditions of
strong sustainability, which requires that the
profits from the depletion of a resource or
degradation of an ecosystem are reinvested in
developing alternatives or restoring degraded
systems. This entails looking at the bigger
picture of how market systems function and
interface with the biophysical world [29-32].
Consequently one cannot arrive at a social
decision to achieve an optimal macroeco-
nomic scale by merely aggregating many
separate efficient market outcomes.

Perhaps most importantly the neoclassical
model has nothing to say about the relative
power of diverse groups of people to influ-
ence the “free market” through influencing
politicians with expensive contributions,
through supporting advertisements in the
media, or simply through their own massive
purchasing patterns. The consequence has
been to increasingly make the rich richer and
the poor poorer. The advertising campaign
against the role of government has undercut
many programs that have helped alleviate
somewhat the difference between the rich
and the poor. There is a rich literature on this
subject [33], much of it extremely critical of
the neoclassical model, but much of the pub-
lic still believes that markets are the best way
to distribute economic goods and services
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despite the lack of compelling evidence that
this is true. For example, Sekera has demon-
strated clearly that government can deliver
services more efficiently than private entities,
but few citizens seem to understand that. The
work of Piketty and Sekera, along with that
of other income distribution scholars, will be
developed in more detail in » Chap. 23.

NCE dominates policy making yet provides an
inadequate toolbox for confronting the major
problems of the present world: global climate
change, biodiversity loss, oil depletion, loss of wil-
derness, and the recalcitrant problems of poverty
and social conflict. It has been used as the basis for
“the Washington Consensus” which has been and
continues to be exported to the developing world
with essentially no assessment of its effectiveness or
basis in reality and with enormous social and envi-
ronmental problems [30, 31]. We are led to believe
that our most pressing environmental and social
problems can be dealt with by simulating efficient
market outcomes as if this alone provides the elixir
for all that ails us. Yet we know that the concept of
market efficiency rests on an untenable and faulty
foundation and that the real market economy is not
best described in this framework. The perpetuation
of neoclassical economics, usually to the exclusion
of other possible approaches, is essentially the sub-
stitution of faith for reason, science, and empirical
testing in many areas of economics. We must move
beyond this “faith-based” economics and find a
more illuminating way of understanding economic
activity and informing decision-making so that our
policies will amount to something more than win-
dow dressing for the status quo.

0 Questions

1. What are some of the “myths” of
neoclassical economics? Do you agree
that these are myths? Why or why not?

2. Why is the circular flow model of the
economy inconsistent with the laws of
thermodynamics? Is that possible?

3. Nicholas Georgescu-Roegen and his
student Herman Daly are economists.
Why are they such critics of conventional
economics?

4. Economic productivity in neoclassical
economics is usually represented as a
function of capital and labor. Do you agree
with that perspective? Why or why not?
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5. What, in your opinion, should be the
proper boundaries to be used in
economic analysis? Can you draw a
picture of how you would represent
these boundaries?

6. What does validation mean? Why is this
often difficult for economic models?

7. What are thought to be (within
conventional economics) the main
characteristics of homo economicus (or
“economic man”)?

8. Do you think that having greater
amounts of money to spend will make
you happier? Why or why not? Do you
think wealthier people that you know
are happier than poorer people?

9. Does an increase in income of, say, 1000
dollars have the same meaning for a
wealthy person as for a poor person? How
does that relate to the usual economist’s
position on Pareto optimality?

10. Why have neoclassical economists
attempted to generate a “value neutra
approach to economics? To what degree
have they succeeded, in your opinion?

11. Why does theory matter in economics?

|u

12. What does sustainability usually mean
within conventional economics? What might
be some problems with that definition?
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In our first chapter, we provided a review of how
modern (neoclassical) economics operates as a
social science-based means of allocating “scarce”
resources, including the philosophy behind the
assumptions that govern the operation of that
model of how economies work. In this approach
markets are seen as especially important as a
means of making economic decisions and guiding
the allocation of productive resources.

» Chapter 2 reviewed earlier approaches to
economics, many of which were based on a more
explicit understanding and acknowledgment of
the biophysical basis of real economies. Thus,
while most people who do think about economics
today probably believe that the conceptual model
(neoclassical circular flow model) that dominates
economiics is the only possible and proper way to
think about economics, there are many alterna-
tives. In fact, as was obvious from » Chap. 2, there
are many very different ways we can think about
economics that accurately describe at least some
important aspects of what is going on in real
economies. We just happen to live in a time when
there is a dominant form that excludes other
world views of what constitutes economics.

Many criticisms have been leveled at this dom-
inant “neoclassical” model. » Chapter 3 under-
takes a thorough and damning review of the many
problems that exist with the intellectual basis of
conventional economics. It focuses specially on
the conceptual and logical problems that arise
from assuming that economics should be based
only on the social sciences even while the basis for
actually existing economies is the production and
transport of goods and the provisions of services,
all of which must take place in the real world of
matter and energy and hence are best studied
using the natural sciences. Professional econo-
mists as a group tend to be uninformed about, or
uninterested in, the criticisms that have been lev-
eled at their discipline. In a sense, they have been
successful at circling their wagons to protect their
core beliefs, ignoring the criticisms, and proceed-
ing with their craft, independent of the criticisms
or the degree to which it is or is not successful in
describing reality or making predictions.

In the next two chapters, we introduce the
reader to another equally or, we believe, more
appropriate and accurate approach to econom-
ics—biophysical economics. The concept has
a very old history, starting with the recognition
by whatever might have passed for economists

in the Stone Age that one’s material well-being
depended upon nature and those things that
humans might be able to extract from nature and
the difficulty or ease in doing so. As humans eased
into the first stages of agriculture, we know that
they paid a great deal of attention to the mate-
rial conditions of their economic life due to the
large part of whatever wealth they had that was
“invested” into observatories, temples, and activi-
ties that attempted to understand and beseech
their gods to provide rains, good harvests, and so
on. The people may not have understood well the
forces that generated or not their economic pro-
duction, but they knew them as important. The
work of Anthony Aveni, for example, has led to
an entire new discipline of archeoastronomy. He
has shown convincingly that entire cities (such as
the area around the temples of the sun and moon
in Mexico) were constructed to determine the
movement of the sun relative to the Earth, leading
to a better understanding of planting times.

While we cannot interview such people, as
they are long dead, we can examine (or could
until recently) the various cultures around the
world that are little touched by industrialization
to see how they operate. Do they in fact operate in
a way consistent with the assumptions of modern
neoclassical economists? When the anthropolo-
gist Karl Polanyi undertook an examination of a
large series of preindustrial “folk” societies, he
found that while market transactions had always
existed, most people traded their surplus goods
[1]. Things were not produced specifically for sale,
and markets did not form prices. Societies allo-
cated what we now call goods and services by
means of trade, reciprocity, and redistribution. In
other words, economics was based more on their
material basis than on money. We call this mate-
rial basis “biophysical economics.”

4.1 Background to Biophysical

Economics

As we stated in the first sentence of the introduc-
tion to this first section, economies exist indepen-
dently of how we perceive or choose to study
them. Also, we noted that economists have cho-
sen over the past 150 years—for more or less acci-
dental reasons—the social sciences and an
inappropriate and overly simplified analytical
model borrowed from physics as the essential
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conceptual base for undertaking our definitions
and analyses of economies and economic systems.
This is the case, even though actual economies are
as much about biophysical as social activities.
Actually existing economies must be based on
many things, including the physical materials and
the energy required to provide goods and services
as well as the NCE-sanctified market interactions
that transfer these goods and services from firm
to household or household to firm. This was well
understood by earlier physiocratic and classical
economists. Curiously, starting in the 1870s or so,
economics somehow became only a social sci-
ence, and it has remained that way for the most
part. In this social science-based model, the mate-
rial world is represented only by the prices of
things within the material world.

42 WhatIs Biophysical

Economics?

Biophysical economics is a system of economic
analysis that is based on the biological and physi-
cal properties, structures, and processes of real
economic systems as its conceptual base and
fundamental model. It has two components:
biophysical science itself and economic analysis
that is consistent with science and other social
sciences such as psychology and anthropology. It
acknowledges that the basis for nearly all wealth is
nature and views most human economic activity
as a means to increase (directly or indirectly) the
exploitation of nature to generate more wealth. As
such, it focuses on the structure and function of
real economies from an energy and material per-
spective, although it often considers the relation
of this structure and function to human welfare
and to the money (i.e., dollar) flows that tend to
go in the opposite direction to energy [2]. From
a biophysical perspective, one’s job is viewed as
trading one’s time at work (the monetary value of
which is related to the energy flows of society con-
trolled by the individual) for access through wages
and salaries to the energy flows of the general
economy. This “general economy” contains goods
and services created from the extraction of energy
from the earth in anticipation of some demand for
them. At present, each dollar we spend requires
roughly 5 megajoules (about half an 8 oz. coffee
cups worth of oil or equivalent energy) to gener-
ate the good or service purchased. With economic
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inflation, the energy per dollar decreases over
time so that in 1970, one could receive about ten
times more energy (as used to generate goods and
services) per dollar than he or she can today. The
ice cream that fueled Hall's paper route in 1954
cost only 5 cents, but required for its production
roughly the same amount of energy as today. A
biophysical economist might ask “how many
minutes of labor did you have to put in to earn
that nickel? At your current salary, do you put in
more or fewer minutes for that ice cream cone? If
your salary is high, is it commensurate with the
energy flow in society that you control?” Or per-
haps “when you spend your salary, how much of
the world’s nonrenewable resources are depleted,
and how much did you contribute to changes in
the atmosphere?”

O Figure 3.1 is the “firm and household” dia-
gram said to represent the economy in most intro-
ductory economics textbooks. We find this model,
which represents the basis of most economic
theory and teaching, to be less than useful in rep-
resenting the real things that must occur within
a real economy. As developed in Hall et al., this
representation violates the laws of thermodynam-
ics (which nothing real can do), has completely
inadequate and incorrect boundaries, and has
not been tested using the scientific method [3].
Our perception of the simplest diagram that one
could use to represent a real economy, which is far
more complex and infinitely more accurate than
@ Fig. 3.1, is @ Fig. 3.3. This diagram, and real
economies, includes (from left to right) (1) energy
sources (principally, the sun) that are essential for
any economy; (2) the material that circulates upon
the earth’s surface through natural and seminatu-
ral ecosystems; and (3) the human-dominated
steps of exploitation, processing, manufacturing,
and consumption. Blue and yellow arrows show
the transfer of materials and energy through the
economy. Raw materials are refined by human
activities using fossil fuels until the heat is dis-
sipated and the materials are either released as
wastes to the environment or recycled back into
the system. From this diagram, one could argue
that the most important activity of the economic
process is the proper functioning of the hydrolog-
ical cycle, since virtually all economic production
and manufacturing are extremely water intensive.
From the standpoint of a traditional economist,
the hydrological cycle is not important because
we pay next to nothing for it. A biophysical
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economist, on the other hand, would argue that
it is critical for many reasons and that it is only
because we can extract its services from nature
at little direct monetary cost that we can have the
high generation of wealth within today’s economy.

A fundamental premise of biophysical econom-
ics is that wealth is produced basically by the appli-
cation of energy, initially human muscles, draft
animals or wood, and increasingly fossil fuels, to the
resources of nature to generate wealth (8 Fig. 4.1).
This can readily be seen from several pictures of
agricultural harvesters (B Figs. 4.2 and 4.3). Studies
of the cost of energy to society show that energy has
become much cheaper over past centuries as fossil
fuels were exploited (B Fig. 4.4).

43 Conceptual Sources

of Biophysical Economics

Biophysical economics derives from three
main sources of ideas: (1) earlier thinking by
economists, such as Francois Quesnay and the

eighteenth-century physiocrats, who called
themselves “Les Economistes,” and a few
economists of the latter part of the nineteenth
and the beginning of the twentieth centuries;
(2) conceptual thinking about how ecosys-
tems operate; and (3) scholars from various
disciplines at the end of the twentieth century
who introduced a new perspective about the
limitation of the Earth to support an increas-
ing human population. All of these ideas first
came together under the word “biophysical”
in a 1984 cover article by Cleveland et al. in
Science entitled “A Biophysical Analysis of the
United States Economy.” These concepts gained
a further following by the great interest in the
“peak oil” movement of the first decade of the
twenty-first century and a series of meetings on
BioPhysical Economics in Syracuse, New York,
starting in 2008. The participants formalized the
International Society of BioPhysical Economics
in 2015, and the organization continues to meet
on an annual basis. These ideas are developed in
more detail below.
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O Fig.4.2 33 Horse-
power combine in about
1900

O Fig.4.3 200 Horse-
power combine in 2000
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200 HP mechanical power (controlled by 1 worker)

4.4 Biophysical Basis of Early

Economists

The present social science focus of economics and
economists was not particularly the case with ear-
lier economists, who were more likely to ask “where
does wealth come from?” than are most main-
stream economists today. In general, these earlier
economists started their economic analysis with
the natural biophysical world, probably simply
because they had common sense but also because
they deemed inadequate the perspective of earlier
mercantilists who had emphasized sources of
wealth as “treasure” (e.g., precious metals) derived
from mining or trade. The first formal school of

economics, the French Physiocrats, focused on
land as the basis for generating wealth [4]. The bio-
physical perspective continued with Thomas
Malthus’ famous “Essay on the Principle of
Population,” (there were six of them) which
assumed that human populations would grow
exponentially—because it seemed unlikely that
anyone, other than the well-born, would control
the “passion between the sexes”—unless somehow
“checked” by factors that either reduced the birth
rate or increased the death rate. Since Malthus had
little faith in the “moral restraint” of the working
classes and believed that birth control was “vice;” he
recommended a rather draconian social policy to
increase the death rates among the poor. In Malthus’
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view the agricultural production needed to feed
this exponentially increasing human population
could grow only linearly, i.e., less rapidly than the
number of humans. He also opposed the importa-
tion of cheaper continental grains, as a limited food
supply assured increasing rents for his patrons, the
landed aristocracy, and squeezed the profits of the

rival capitalists. It was this view that the human
prospect was limited by inadequate food supplies
and that class conflict was inevitable, which led the
Victorian philosopher Thomas Carlisle to give eco-
nomics the label of “the dismal science”

As chronicled in » Chap. 2, Adam Smith
and other classical economists focused on land
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and especially labor as a means of expropriating
the resources generated by the natural world,
and then transforming them into materials that
we perceive as constituting wealth. Later, David
Ricardo made important observations about
the general need to use land of increasingly
inferior quality as populations (and hence total
agricultural production) expanded. Karl Marx,
who focused on the part played by labor in cre-
ating value, realized the crucial role played by
nature in creating wealth. He was keenly inter-
ested in the long-term adverse effects of large-
scale agriculture on soil quality and firmly
believed that capitalism exploits the land as it
does labor, and the process of capital accumula-
tion creates a metabolic rift in the organic con-
nection between humans and nature.

Thus a number of economists made important
conceptual and philosophical advances that
formed the basis upon which biophysical eco-
nomics has been built. Early economists Quesnay,
Malthus, Carlisle, Smith, Ricardo, and Marx all
were aware of, to varying degrees, the importance
of biophysical inputs and processes to the econ-
omy. Additionally, Kenneth Boulding in his paper
“The Economics of Coming Spaceship Earth’
focused on the impossibility of continued eco-
nomic growth on a finite planet: “Anyone who
believes that exponential growth can go on forever
in a finite world is either a madman or an econo-
mist” Nicholas Georgescu-Roegen was a Harvard-
trained economist who found the intellectual
structure of conventional neoclassical economics
enormously misleading and wrote extensively
detailing the failures of conventional economics.
His most prominent contributions were Energy
and Economic Myths and The Entropy Law and the
Economic Process. But the real foundation for bio-
physical economics was laid by his student
Herman Daly, who through a series of excellent
books and presentations examined the biophysi-
cal requirements for modern economies. His
main emphasis was that we could not grow indefi-
nitely and that any growth at all would cause
unacceptable damage to the Earth. His main
vehicle for thinking about this was the develop-
ment of “steady-state economics,” that is, an eco-
nomics not based on growth. In addition he was
among the first, and certainly the most thought-
ful, in criticizing the intellectual underpinnings of
conventional economics because it did not begin
with the biophysical reality of the physical systems
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that are essential for supplying the materials and
energy required for any economic activity. Nor
did it consider the limiting effects of entropy. Daly
extended Karl Polanyis idea of the embedded
economy with a focus upon the economy as a sub-
system of the planetary ecosystem. His thoughtful
and gentle personality allowed him to deliver very
sharp criticisms to the economic community from
one of their own. Nevertheless, most of Daly’s
many followers came from outside, not inside, the
discipline of economics. Other economists who
made important contributions to biophysical eco-
nomics include John Gowdy and Lisi Krall, espe-
cially as regards their work on humans as an
ultrasocial species and the crucial role played by
the production of surplus at the dawn of the
Neolithic era.

45 Ecology as a Source of Ideas

Ecology as a concept for understanding nature
dates back to at least Theophrastus in ancient
Greece, and the economic importance of prop-
erly functioning natural systems was well rec-
ognized by various scientists in, for example,
Ukraine and Russia during the first half of the
twentieth century. But ecology as a self-under-
stood academic discipline hardly existed before
the middle of the last century. One key event
was the publication of Eugene Odum’s Principles
of Ecology, and another was the publication of
Howard Odum’s (Eugene’s younger brother)
Environment, Power, and Society. The latter was
an ambitious attempt to show commonalities
among various natural ecosystems and human
societies using energy flow diagrams. Thus we
can consider ecosystems such as natural streams,
forests, or grasslands as economic systems ([2,
5]; @ Fig. 4.5). These systems have “economic”
structures for production (photosynthesis), con-
sumption (grazing, predation, respiration), and
transfer of “goods” (food, minerals) through
exchange processes (e.g., transfer of materials
and energy between the physical environment
and organisms through processes of plant uptake
of nutrients and capture of energy, plant and ani-
mal uptake of water, and transfer through food
chains). They are different in that the human
economy is the result of conscious effort by
humans and their expenditure of energy to
change nature into what humans want.
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A critically important insight that has been
gained from the study of these natural ecosystems
is the importance of a thermodynamic perspec-
tive. While the importance of energy for biology
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was well recognized by, for example, Ludwig
Boltzmann as early as 1880, energy as a concept
was not well understood during the time period
when modern economics was being developed.
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Whether economics as a discipline would have
been built on a foundation of thermodynamics, as
were physics, chemistry, and ecology, if thermo-
dynamics had been better developed during mod-
ern economics formative stages is impossible to
answer but seems likely [6].

As thermodynamics was developed, ecologists
began to understand that in the absence of a con-
tinual input of energy, the highly ordered mole-
cules within an ecosystem will, over time, degrade
into completely random assemblages. It is only the
continual input of energy from the sun, the cap-
ture of this energy by green plants, and the effec-
tive transfer of energy to other components of the
system that allows ecosystems and their compo-
nents to fight the general tendency of all things
toward randomness (often called a tendency for
disorder or entropy to increase). Ecosystems have
often been called “self-organized” entities; organ-
isms within the ecosystem, and perhaps ecosys-
tems themselves, interact to build a biological
structure that best captures and utilizes available
energy [7]. The blueprints laid down in an organ-
ism’s DNA are fine-tuned through natural selec-
tion so that energy may be used to capture,
reorder, and maintain both additional energy and
the molecules in that organism in the otherwise
extremely unlikely patterns that we call life.
Energy is captured and used to generate biological
structure, which in turn maintains, replicates, and
sometimes changes itself through natural selec-
tion. It does not take too much imagination to
transfer this concept to human economies, as both
are equally biophysically based, although addi-
tionally powered by fossil fuels (8 Fig. 4.5). This is
what Howard Odum initiated in Environment
Power and Society and other publications [8].

A particularly interesting and important con-
cept developed for both natural and economic sys-
tems by Howard Odum was “the maximum power
principle” (MPP). Odum and his colleague physi-
cist Richard Pinkerton started with simple physi-
cal systems such as Atwood’s machine (a simple
pulley with two baskets that allowed differential
loading of energy inputs and backforce [9]). They
then change the ratio between the force (the weight
in the heavier, descending basket) and the back-
force (the weight of the load (“goods”) in the
ascending basket). They found that the maximum
useful work that could be undertaken per unit of
time (i.e., power) was when the heavier basket was
twice the weight (gravitational force) of the
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ascending basket. If the baskets were more equal in
weight, more “goods” could be delivered per trip
and per unit input energy, but the machine worked
more slowly even if more efficiently. Conversely,
when the baskets were very different in weight, the
goods were delivered very rapidly, but not much
per trip, and most of the input energy went into
heat as the basket hit the ground. The maximum
useful work per unit time was when the ratio
between the two weights, and hence forces, was
2:1. Odum and Pinkerton went on in that paper,
and many more, with many other examples includ-
ing economic analogies. The basic idea was that in
a competitive world, one cannot be too efficient,
for otherwise ones competitors would exploit
resources before you were able to. The conse-
quences are not always comfortable. For example,
if the United States chose to use Middle Eastern oil
more slowly, would that open up the resource for
additional exploitation by the Chinese?

Most of us would not consider systems of
nature as “real” economies because that term
tends to be reserved for systems that include
humans, human processes, market transactions,
money, and/or other human-directed activities.
Nevertheless, actual economies (including those
of the city of Syracuse, NY, or of the country of
Costa Rica) are, in fact, subject to the same forces
and laws of thermodynamics as natural ecosys-
tems and have much in common with them—
structure, function, energy requirements, material
cycles, and so on. In our view modern cities, agri-
cultural systems, and even entire nations are
indeed industrial ecosystems. Since the structure
of many human-constructed systems (e.g., cities)
contains so much more abiotic and animal mass
than that of natural systems, the energy require-
ment to construct and maintain them is much
larger and must be supplied from outside the sys-
tem. Today this requires not only the usual input
of solar energy but also the concentration of mas-
sive quantities of fossil fuels and energy-intensive
materials, which in turn generate enormous “eco-
logical footprints” on the rest of the world. Hence
these “real” economies are as much about the
movement of materials and the use and dissipa-
tion of energy as they are about the social or
human-involved transactions.

As a consequence of studying natural systems
from this perspective, many ecologists, led by
Howard Odum [e.g. 2, 8], were quite ready to
begin to look at economies from an energy and
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material perspective, and they already had the
conceptual, measurement, and modeling tools to
do so. They found ready acceptance and collusion
with Herman Daly and a very few other econo-
mists, but no interest at all from traditional neo-
classical economists.

4.6 Limits to Growth

The third main source of ideas that led to the
development of biophysical economics was a
series of quite startling and, many would say, pes-
simistic scientific reports about the future that
took place in about 1970. The most important, or
at least the ones that received the most attention,
were the “Club of Rome’s” Limits to Growth [10]
and The Population Bomb [11] by Paul Ehrlich.
The Limits to Growth was the result of a computer
model generated at MIT, initially by Jay Forrester,
and then refined and promulgated by his students
Dennis Meadows, Donella Meadows, Jorgen
Randers, and William Behrens III. The model
was a very basic projection of human population,
including birth rate and death rate, per capita
industrial production, per capita food produc-
tion, pollution, and nonrenewable resources,
which is modeled as one entity that is depleted
over time. The results of the “standard run” gen-
erated growth in population, food production,
and industrial production for a while but even-
tually serious complications due to pollution or
resource depletion that led to serious population
decline. The investigators varied their assump-
tions in many ways to see if they could generate
a scenario that was stable. Counterintuitively,
increasing investments or controlling pollutants
only delayed the negative impacts. In the model,
it was only by extreme population control and
eliminating all investments that a stable future
could be derived. The model and its critics are
discussed further in » Chap. 12. The Population
Bomb discussed the growing human populations
and the many problems associated with humans
using more and more of the Earth’s resources to
support them. This too predicted quite dire impli-
cations of the continuing population growth.
While the most extreme of Ehrlich’s predictions
did not come true, there are many ways that in
fact his predictions have come to pass [12].

These reports added concerns about human
population growth and pollution to the existing

concerns based on the predictions by Shell Oil
Geologist M. King Hubbert [13] of the inability of
both the United States and the world to keep
increasing the production of petroleum. Hubbert
assumed that over time the use of a nonrenewable
resource would grow and then decline in approxi-
mately a normal-shaped (bell-shaped) curve, ini-
tially increasing rapidly and then reaching one (or
several) peak when about half of the resource was
consumed. Again, the results of this projection are
somewhat ambiguous: oil is still abundant and rela-
tively cheap (although more expensive than in the
past), but globally conventional oil has ceased grow-
ing or nearly so. But a country-by-country analysis
shows that oil production in most countries does
follow fairly closely a Hubbert curve [14]. As we
discuss later, the timing of some of these predictions
for the globe may be a little off, while the fundamen-
tal pattern projected is very much on target.

These reports implied in various ways that the
human population appeared to be becoming very
large relative to the resource base needed to sup-
port them—especially at a relatively high level of
affluence—and that it appeared that some rather
severe “crashes” of populations and civilizations
might be in store. Meanwhile, many new reports
in scientific journals were published about the
many environmental problems such as acid rain,
global warming, pollution of many kinds, loss of
biodiversity, and the depletion of the Earth’s pro-
tective ozone layer. The oil shortages, the gasoline
lines, and some electricity shortages in the 1970s
and early 1980s all seemed to give credibility to
the point of view that our population and our
economy had in many ways exceeded the world’s
“carrying capacity” for humans, that is, the ability
of the world to support humans and their increas-
ingly affluent lifestyle.

Universities hired many new people in the pre-
viously obscure disciplines of ecology and envi-
ronmental sciences, and there was a great surge of
interest by students in issues related to resources
and the environment. Although courses in envi-
ronmental economics were added to some college
catalogs, most economists ignored these issues or
or, if anything, modeled nature as part of the econ-
omy and added in environmental factors to the list
of things that would be regulated by rational indi-
viduals responding to price incentives. The notion
of external limits to growth, based on biophysical
constraints, got a chilly reception from the com-
munity of mainstream economists, although the
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idea of an economy limited by nature began to
develop following among political economists in
the early 1970s [15] . Although economists have
written about the internal limits to growth since
the eighteenth century, these new works raised a
new possibility: our futures would be limited by
nature as well. Historically, humans have been able
to transcend nature’s limits by employing increas-
ing amounts of energy to the problems at hand.
But were we nearing those limits, either in sup-
plies of energy or in the consequences of using it?
If so, the age of convenience and growth of afflu-
ence and human well-being, primarily in the
global North, [15] might be replaced by living
within our means or even degrowth. The message
was not popular. President Jimmy Carter dis-
cussed on television the need for Americans to
conserve and even installed solar collectors on the
White House roof. He said that the American
people should view the energy crisis as “the moral
equivalent of war” For many people, it did seem
like humans had reached the limit of the abilities
of the Earth to support our species.

Most economists, however, did not accept the
absolute scarcity of resources or the concept of
limits to growth. The return to growth, they said,
was just a matter of implementing a series of
proper incentives and market-based reforms, as
well as dispensing with the dangerous ideas of
absolute limits. A series of scathing reports
appeared directed at those scientists who wrote
articles with the “limit” perspective (e.g., Passell
etal. [16]). They argued that economies had built-
in market-related mechanisms that would deal
with short-term (relative) scarcities. Technical
innovations and resource substitutions, driven by
market incentives, would solve the longer-term
issues. Critics of the early antinuclear movement
belittled the idea that using less electricity or gen-
erating it from less dangerous sources was
remotely viable. For them it was generate more
nuclear power or “freeze in the dark”

These three lines of thought converged more
formally in mid-1985 with the development of the
International Society for Ecological Economics,
along with national affiliates, and the journal,
Ecological Economics. There was a sense by many
that this society and journal, while undertaking
important research, focused too much on putting
a dollar value on environmental goods and ser-
vices while mostly missing the issues of depletion,
the institutional context in which economic
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decision-making takes place [17], and a contin-
ued commitment to neoclassical models and
analysis. Consequently about 20 years later, the
International Society for Biophysical Economics
was formed. Starting in 2016, the initiation of the
journal Biophysical Economics and Resource
Quality devoted itself to publishing papers exclu-
sively grounded in biophysical economics. Some
economists, increasingly, are agreeing with bio-
physical economists on the need to reform basic
concepts in economics to reflect the importance
of energy [e.g., 18].

What Can One Do with
Biophysical Economics?

4.7

Biophysical economics thus far has focused on

five major issues:

1. The inadequacy of neoclassical economics
(see » Chap. 3)

2. The need to incorporate biophysical realities
into economics (see » Chaps. 3, 4, and 5)

3. The importance of the fossil fuel revolution
for economic growth (see » Chaps. 4, 6,7, 8,
9,10,and 11)

4. Limits to growth as a real (if complex) issue
(» Chap.12)

This includes peak oil, declining energy
returns on investment (EROI).
Can renewables substitute for fossil fuels?

5. The need to improve and generate better esti-
mates for EROI and equations for biophysical
economics (see » Chap. 18)

Money is of great practical concern in day-to-day
life as we get paid or exchange money and so gain
access to food, fuel, or housing. In addition, many
financial practices that seem closely related, such
as accounting, bookkeeping, and simply balanc-
ing ones checkbook, are based on money and
have great practical importance and apparent
reality. In fact, those of us who advocate biophysi-
cal economics realize that money is useful as a
medium of exchange. And of course there is no
substitute for proper economic bookkeeping and
the normal everyday use of money as a medium of
exchange to obtain needed goods and services.
But what about the theory behind economics? Is
that the best way to understand the routine use of
money in our economy? We think not, as is obvi-
ous. Others disagree. Conventional economics is
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useful to those at the top, because it justifies the
prevailing economic order. It treats continuing
consumption of more and more stuff as the key to
happiness and holds that a private enterprise
economy is the best society that has ever existed.
Most importantly conventional economics is
based on money as the key to valuing and acquir-
ing stuff. Thus even the most arcane economics
has a certain appeal because it uses money, which
translates easily in most people’s mind.

But what is important to understand is that
money in its modern form is fiat money or
“money by decree” As such it has no intrinsic
value but value only in representing the willing-
ness of society or its representatives to accept it
for payment. The government accepts the money
for payment of taxes. We also use money to
acquire energy or energy-derived products to
generate the good or service that will then be
made available to the bearer of the money. Thus,
money is a lien, meaning a legitimate claim, on
energy (or energy that has been spent), as well as
labor, commodities, or money itself. As we saw in
» Chap. 1, money can serve as capital and as a
medium for speculation as well. Money creation
is how banks make profits, but ultimately money
can be best understood as a lien on energy.

Let us give an example. One might buy a won-
derful, high-quality bagel in New York City for a
dollar (more with cream cheese and/or lox).
Behind that dollar lies many biophysical activities
each of which must occur. Natural gas must be
used in Louisiana to make fertilizer, which is then
barged up the Mississippi River to Nebraska
where a tractor uses oil to spread the fertilizer on
the land and plant the wheat seeds. Later a tractor
uses more diesel to harvest the wheat, which is
then shipped by railroad to New York and ground
into flour. Electricity is used to mix the flour and
boil the water it is cooked in. Energy is used to
make the fertilizer plant, the barge, the tractor, the
railroad, and so on. It is the physical expenditure
of energy to do all the work necessary to generate
the bagel that is necessary, and the dollar is how
we keep track of that. Part of the dollar goes to pay
for the energy used at each step, and part of it is
used to pay for those who directed the work (i.e.,
labor and management). Energy is also needed to
give meaning to the worker’s paycheck or to the
proceeds given to capitalists through their profits.
Roughly 5 megajoules (one-seventh of a liter of
oil) of energy was used to make that one bagel.

In addition to, or overlapping with, the list
given above, we can ask how biophysical econom-
ics has been applied by its practitioners. The first,
most general application is visualizing how the
economy operates and understanding how energy
is required at each step. This can be seen by study-
ing @ Fig. 3.3 carefully. This leads to a number
of nonobvious implications. For example, if one
wishes to live within nature’s biophysical lim-
its, then people in the rich nations of the world
need to think mindfully about the energy used
and embodied in their day-to-day lives and act
accordingly.

A second major application of biophysical
economics is to evaluate realistically the potential
for economic expansion in poorer countries. Most
of the world is quite poor, and there are many
efforts directed at improving the lot of the poor,
some successful and some not so much. Overall
there has been a considerable improvement in the
lot of the poor in the past six decades, and in fact
since at least 1820, when according to one study,
90% of people were then living in extreme poverty
compared to only 10% now living in extreme pov-
erty, mostly in the global South [15]. Some might
consider with Roser’s numbers rather optimistic
as about a third of the Earth’s human population
live on less than two dollars a day. Where has this
increased wealth come from? The principle cause
has been the continuing industrial revolution,
which used fossil fuels to replace animate power
and, most importantly, increase food production
(see B Figs. 4.1, 4.2, and 4.3).

Nevertheless, there is a dominant viewpoint
among many of our agencies responsible for
financing development, such as the World Bank,
that what is important is not spending money
in the public sector but turning as much as pos-
sible of the financial workings of a country over
to the private sector. It is commonly held that
the private sector is more efficient than govern-
ment. Empirical analysis of this question does not
clearly show that to be the case and in fact often
the reverse [19]. The extreme view of the con-
cept that it is better to privatize functions com-
monly undertaken by governments is called the
“Washington Consensus,” and it was used to guide
development in Latin America in recent decades,
often with disastrous results [20]. Biophysical eco-
nomics approach has been used to examine these
often misguided policies and alternatives that may
offer hope for the poor (e.g., [21]).
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A third application of biophysical economics
is to understand some important trends in the
world today and to help us prepare for a future
that might be quite different. These trends include
secular stagnation, peak oil and declining EROL
There are also a whole suite of issues around
reducing carbon release and whether renewable
energy can replace some important proportion of
fossil fuels.

4.8 Secular Stagnation

The global North, from the end of Second World
War until the 1970s, once Europe had recovered
from the war, experienced historically unprece-
dented growth in energy use, and to some degree
energy efficiency and economic output increased
substantially (8 Fig. 4.1). But the growth rate of
most of the world’s industrialized economies has
slowed since the 1970s. The economies of the
United States, Europe, and Japan have experi-
enced declining growth since the 1980s, and most
of the current world economic growth is driven by
China and India, although they too may be declin-
ing, (B Fig.4.6). As of mid-2017 the GDP of coun-
tries in Europe and Japan had been essentially
stagnant for a decade or two. During the past
decade, the United States had a GDP growth rate
of about 1%, about half of the historical standard
of 1.9% since the Civil War [22] and about the
same as the population growth—hence there was
no increase in average per capita wealth. Among
economists there is considerable discussion and
controversy about these essentially stagnant
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economies [e.g., 23]. Much of this focuses on fac-
tors internal to the economy: consumer spending,
debt, banks, deficit spending, and Keynesianism—
whether or why governmental deficit spending,
which has been used extensively in the past to
“jump start” economic growth, no longer works as
it once did. We will discuss more extensively
mainstream and heterodox views of secular stag-
nation in the next chapter.

Biophysical economics may provide such an
explanation [24]. Most adherents to biophysi-
cal economics believe (as do many others) that
conventional (neoclassical) economics is fun-
damentally flawed (see » Chap. 3). Biophysical
economics believes that there is a general relation
between the declining abundance of resources,
as reflected in lower production and EROI for
oil and other important fuels, and the decline
and cessation of growth (8 Fig. 4.7). Murphy and
Hall put forth a model that gave a biophysical
economics-based explanation of economic cycles
that seems consistent with the actual behavior of
economies(B Fig. 4.8). The case for this was stron-
ger up to mid-2015, when oil was trading at $100
a barrel. At the time of this writing, it is about $50
a barrel, still high by historical standards and rela-
tive to, e.g., the 1990s when growth was still strong.
The OECD country with highest growth, although
still low, is the United States. In the United States,
natural gas, not quite as valuable as oil but still an
excellent fuel for industry, was at a very low price,
about a quarter of the long-term price, reflecting
over production from fracked areas in, e.g., the
Marcellus Shale in Pennsylvania. This could be
the reason for the slightly higher growth of the
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US economy compared to other OECD countries.
Curiously the oil and gas companies are still drill-
ing new wells even while they are losing money!
There may be another useful biophysical
concept from ecology. Eugene Odum in 1969
wrote a good paper representing the behavior of
ecosystems over successional time, that is, from
the establishment or colonization of life at a site,
such as an ecosystem that develops on a bare
patch of land or a newly filled aquarium until the
ecosystem reached “climax;” when it no longer
accumulates biomass. At first, as biomass became
established, production (the capture of energy
from sunlight) and respiration (the use of energy
for maintenance metabolism by all living things)
each increased rapidly, with photosynthesis being
larger than respiration (@ Fig. 4.9). The difference
between the two represented the energy absorbed
by the increasing biomass. But then at some point,
the respiration of the increasing biomass equaled
the production of the plants, and the system
stopped accumulating biomass. The relatively
constant biomass remaining at steady state was
limited by the respiration (i.e., for maintenance)
energy costs being as large as the gain from the

« 4

Stalled or Declining
Economy

capture of energy from the incoming solar energy,
and the system adapted to that. This takes place
around the world as most ecosystems are lim-
ited by the incoming solar radiation (or water)
and rather than growing indefinitely they reach
a steady-state biomass level. Odum believed that
human societies too would initially grow rapidly
(i.e. new construction exceeding maintenance
requirements, resulting in the accumulation of
infrastructure) but then would approach equilib-
rium as energy costs to maintain infrastructure
became very large. This is very different from the
indefinite growth of economies expected by most
economists. So have modern highly developed
economies with enormous infrastructures (think
roads and cities) reached a stage where all of the
available energy is used for “maintenance metabo-
lism” to support the infrastructure that exists and
little is available for net growth? Could this be an
explanation for secular stagnation? Will our exist-
ing growth-oriented economic models still be
appropriate (8 Fig. 4.10)? Or is it sufficient to say
that the growth of economies simply reflects the
growth of the energy that allows that to happen,
and that energy, once easy and cheap to get, is no
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O Fig.4.9 Ecological con-
cept of succession following
disturbance (or initiation

of ecosystem succession).
As time passes in a novel
ecosystem (such as in a new
forest clearing), both pho-
tosynthesis and respiration L
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increase, although initially
photosynthesis increases
more rapidly, resulting in
the production of more
biomass. Eventually the
increasing biomass uses
more and more energy for
respiration, so photosynthe-
sis and respiration are equal
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B Fig.4.10 Relation of our development of economic
models relative to the general pattern of increase, stagna-

longer so? Either way biophysical economics has
approaches that appear very useful to understand-
ing secular stagnation which should be explored
much more than they have been so far.
Meanwhile, the main problem that we face
with regard to fossil (and other) fuel supplies is
not their total quantity on Earth (there are enor-
mous supplies remaining) but their quality. To
survive and thrive, all species must balance the
relation between the energy cost of getting needed
resources, including additional energy, and the
energy (or other attributes) in the resource

T
2000

T T
2050 2100

tion, and eventual decline in production and availability
of fossil fuels

exploited. This applies to predators hunting for
food who must compare the energy expended in
the chase and the chances of success with the
energy obtained from the prey. Likewise, human
hunter-gatherer societies, if they are to survive,
must generate substantial surpluses of energy rel-
ative to their own investment energies. It also
applies to modern human industrial economies,
although they are different in that the energy
invested and gained is not metabolic but exoso-
matic (outside the body) energy. Thus, a critically
important issue for examining our energy future



96 Chapter 4 - Biophysical Economics: The Material Basis

is what is called energy return on investment

(EROI) of fuels. Investments are required to get

fossil and other fuels out of the ground and into

society. These investments are in terms of energy
as well as dollars, and just as we need a profit from

a financial investment, we need a net energy profit

from our energy resources for society to continue.

We will develop these concepts more fully later in

» Chaps. 18 and 19.

Perhaps the most important policy question for
us now is how we should make our energy invest-
ments. Huge investments will be needed if we are
to maintain the enormous human infrastructure
that we have built—simply to fight the inevitable
generation of entropy which nature dictates will
occur. As we move into the future, EROI is a criti-
cally important component of the decisions we
have to make but hardly sufficient by itself. The
main problems that we face at this time with respect
to understanding our situation are as follows:

1. The apparently incessant decline in EROI
which will greatly limit our options for
investing in new energy technologies, what-
ever they might be.

2. The need for professional, objective means
of gathering the needed data and evaluating
the alternative energy sources and claims.

It would seem that such an evaluation

would have to come from peer-reviewed or

government-sponsored program.

3. The total inadequacy of conventional eco-
nomics for the job.

4.9 Why Have Not Most Traditional
Economists Paid More
Attention to Biophysical

Economics?

Economists have had to pay little attention to bio-
physical economics largely because there seems to
be no crushing limits to growth as of yet. Perhaps the
basic question is whether Malthus has been put to
rest by the evolving technology of modern society.
Most economists would answer “Yes, Malthusian
concerns have been put to rest, mostly by continu-
ing technological advancement” According to
Bridge [25], “there is a post scarcity narrative — a
postindustrial (market-generated) resource tri-
umphalism - in which resource scarcity no longer
poses a limiting factor to economic development...
Neoliberal prescriptions for marketization and

privatization have come to dominate nearly all
areas of public policy over the last two decades”

But there have been at least three biophysical
factors that seem to be at least as important: the
opening of the Americas to immigration by the
surplus Europeans, their virtual extinction of the
Native American potential competitors there, and
the industrialization of agriculture, which gener-
ated an enormous increase in food production
and removed the stranglehold of land as a fixed
factor of production, upon which Malthus’ entire
theory depended. A fourth factor might be con-
sidered technology by itself, although most tech-
nologies were associated with industrialization so
that we might consider them as a force working
together. With this increasing creation of eco-
nomic surplus, economics, starting with Keynes,
focused increasingly on consumption and became
more and more intertwined with the social sci-
ences. Simultaneously, concepts of economic pro-
duction have focused increasingly on capital as an
abstract but critical notion, while labor has been
reconstituted as “human capital,” and land has
simply been omitted. Recently, in an attempt to
give value to nature, ecological economists have
christened biophysical stocks as “natural capital”
that subsequently produce flows known as natural
resources. But the continuing abundance of
energy, food, and disposable income by at least a
large part of the developed world has tended to
relax any concerns that economists might have
about resource limitations and hence the need for
biophysical economics. An additional issue is that
economics as a discipline tends to be “hermetic,
meaning completely enclosed within itself.

Many economists argue that since energy
costs are equivalent to only some 5% of GDP, then
they are trivial in importance compared to the
rest of the economy and that we need not be too
concerned about future possible energy shortages.
But what if this cheap energy declines in abun-
dance, as seems inevitable to many of us? When
energy and minerals increased to 12% of GDP in
the oil-constrained and economically devastated
decade of the 1970s, as is likely to occur again,
perhaps soon, the economic consequences were
enormously adverse. Hamilton [26] has found
that whenever the cost of energy approaches 10%
of GDP, a recession will occur. One can argue that
if the present 5% of GDP energy cost is subtracted
from the current economy, most of the other 95%
of GDP will cease to exist. In other words, we are
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extremely lucky that we must pay only the extrac-
tion costs, rather than the full-value production,
value to society, or replacement costs that Mother
Nature might charge if there were mechanisms for
her to do so. The full price would have to include
the costs of natural capital depreciation, including
both the fuel itself and the nature destroyed by its
extraction, shipping and use, as well as the military
costs of assuring resource availability. These we
are hardly paying at present. If and when we run
out of luck, and these costs come due, as will
likely be the case, economics will become a whole
new ball game in which the focus will return to
production and which will result in a new way of
thinking about monetary and energy investments.
Thus, there are good reasons to examine econo-
mies from a biophysical and energy perspective as
well as from a social- and market-based perspec-
tive. This may be a difficult leap initially, but the
shift in perspective should become obvious and
desirable once the idea is broached.

410 Are We Becoming More
Resource Efficient?

The material demands for societies continue to
grow despite very little empirical data to support
the popular idea that economies are becoming
more efficient in turning resources into economic
production. In fact, considerable empirical data
suggests that many economies are becoming
less efficient (see, e.g., 27-29) even while total
consumption increases nearly everywhere. (One
partial exception to this statement is seen in the
US economy since 1980, where GDP appears to
be increasing somewhat more rapidly than the
increase in resource use—although about half of
that supposed increase in efficiency is through the
increased proportional use of higher-quality fuels
such as primary electricity). An extremely impor-
tant question becomes: is petroleum a transition
element along the energy source road from slaves
to draft animals to water power to coal to oil and
gas to...something else? Or are liquid and gaseous
petroleum a one shot, extremely concentrated,
relatively environmentally benign, high energy
return on investment (EROI) premium fuels that
we will never see again at such a large scale? We
suspect the latter. A second critical question to
which we do not yet know the answer is “which
will win the race between innovation/substitution
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and depletion.” In the case of petroleum from the
United States, Mother Nature seems to be win-
ning, as the EROI has declined from at least 30
to 1 in 1970 to 18 to 1 in the late 1990s [30, 31].
When Cleveland made appropriate corrections for
the fact that increasingly we are investing higher-
quality energies (e.g., electricity) into producing
oil over time, the “quality-corrected” EROI has
declined much more sharply, to about 11 to 1 [32].
The EROI for our legacy giant oil fields continues
to decline even as new oil becomes more difficult
to find [33]. Likewise, the energy cost of getting
a ton of pure copper in the United States has
increased despite massive increases in technology
because the best ores are long gone [31, 32].
Essentially no resources today can be viewed
as truly sustainable at present rates of production,
consumption, and growth because all are subsi-
dized by cheap petroleum. “Sustainability” projects
such as those of ecotourism and, indeed, the entire
economy of “sustainable” places such as Costa Rica
[20] are not sustainable at all due to their ever-
increasing dependency on petroleum and the debt
that implies. The assumptions of growth-oriented
economists have resulted in enormous economic
and energy investments in developing tens of
thousands of expensive resorts in many lovely
but otherwise poverty-stricken tropical areas that
are based on the assumption that the people that
live there can and should live indefinitely on the
crumbs that fall off the tables of the industrial
world’s momentary wealth. As the supply of cheap
petroleum is exhausted through the increased
exploitation of the Earth’s highest-quality and most
accessible energy resources while demand for its
products continues to grow, the world will likely
be in for some very rough sledding ahead. We as
a society must recognize the need for a more bio-
physically based economic system, which includes
a focus on material things such as land, water, soil,
food, timber, other fibers, and, most importantly,
energy. The economy must focus once again on the
most fundamental issues of providing food, cloth-
ing, shelter, basic transportation, and other neces-
sities. It must come up with real solutions to the
critical problems we face (e.g., energy depletion
and impacts, soil erosion, over fishing, water man-
agement, massive inequity in the distribution of
wealth, etc.) that have been neglected thus far due
to our temporary patch-up “solutions” of cheap oil.
We must rethink very carefully what any increase
in efficiency might bring because of Jevons’
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paradox, for example [33]. We must think about
the critically needed international development
assistance in entirely new ways, and we cannot
allow an unjustified faith in the supposed virtues
of neoclassical economics mask where it is used
to sanctify the massive neocolonialism sweeping
the less developed world [34]. If in fact the grim
results of the Limits to Growth do come to pass,
do we castigate those politicians who for “moral”
reasons removed population from the agenda of
the US Government? How about those economists
who argued foolishly against that model’s utility
or, more generally, a biophysical approach to the
Earth’s problems? Do we put them in jail for the
lives lost and for encouraging us to make invest-
ments in the wrong places?

4.11 Biophysical Economics
as a Means of Synthesizing
Traditional Approaches

to the Generation of Wealth

One can summarize the three most important
approaches to economics as the physiocrats (with
their focus on land), classical economics (with its
focus on labor), and neoclassical economics (with
its focus on capital). These seem to be completely
independent conceptual approaches to economics.
Yet all can be understood from a biophysical per-
spective as an appropriate focus on the main energy
sources of their time. Land was important when the
main energy input to economies was the sun: farm-
ers redirected the solar energy of ecosystems to
human and draft animal mouths, and wood pro-
vided the most important source of heat so that land
became a source of wealth as emphasized by the
physiocrats. During the late eighteenth and nine-
teenth century, workers were increasingly concen-
trated in factories where their physical efforts were
important to the productive process. Over time, the
landed gentry who owned large solar-collecting
estates were replaced at the top of the financial and
social ladder by the new mill owners and then
industrialists who directed new production systems
using the more concentrated energies of coal and
then oil. Therefore, the physiocrats, such as Quesnay,
were correct for the time and place in which they
lived, when the land-derived capture of solar energy
generated the most wealth. Adam Smith, a contem-
porary of Quesnay but living in England, was cor-
rect for the time and place in which he lived, when

craft labor was increasingly the main way to gener-
ate wealth. Ninety years later, when artisans were
replaced by unskilled factory operatives, and landed
aristocrats were displaced by industrial capitalists,
Marx was able to contribute penetrating insights
into the relations of the new classes of people who
controlled different types and quantities of energy
flow. Perhaps today neoclassical economists are par-
tially correct to put the focus on capital—which is
the means of utilizing fossil energy. Unfortunately,
when all inputs are considered capital, it is more dif-
ficult to see this than in the days when capital pri-
marily signified means of production.

What these “mainstream” production func-
tions fail to emphasize is what every biophysical
economist knows to be the truth: it is the energy
that does the work of producing wealth and is
essential for its distribution as well, whether that
energy is derived from land, labor, or capital-
assisted fossil fuels. Ayres and Voudouris [35],
Kummel [36], and Hall and Ko [29] have shown
that the production of wealth in industrial soci-
eties is almost perfectly a linear function of the
energy use in those societies and that the correla-
tion gets tighter and tighter when proper correc-
tions are made for the quality of the energy used
(e.g., coal vs. electricity) and for the amount of
energy actually applied to the process (e.g., elec-
tric arc vs. Bessemer furnaces). Much, perhaps
most, technology is ultimately about these things.
It may seem obvious now that wealth is generated
by the application of energy by human society
to the exploitation of natural resources. Nature
generates the raw materials with solar and geo-
logical energies, and human-directed “work pro-
cesses” are used to bring those materials into the
economy as goods and services. These processes
have been made enormously more powerful over
time through technologies that are mostly ways to
use more or higher-quality energies to do the job.
Energy would be the first element to be consid-
ered by most natural scientists if they were asked
to construct a production function because they
are trained to think that way and because it is sta-
tistically the most important factor—more impor-
tant empirically than either capital or labor [36].
Where neoclassical economics treats production
as just another case of the maximization of indi-
vidual preferences, biophysical economics treats
production as scientists treat work—the transfor-
mation of inputs into outputs using energy while
subject to the laws of thermodynamics.
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412 Summary

Our expectations for our lives for the past several
hundred years have been based on an expanding
universe of lands (e.g., the Americas), energy, and
energy returns on energy invested. This has
generated in the minds of most of the world’s
affluent people the expectation that there was at
least the possibility of their bettering their own
material lot, and for many this indeed occurred.
We hear it in the pronouncements of economists
from all sides, how we are facing a situation where
many young people no longer have an expectation
of more than their parents. In fact, the issue often
enters the political arena as a failure of this or that
government to make the economy grow and some
other governmental philosophy having some
magic power to reinstate the growth that they per-
ceived as normal, as a birthright. To some degree
this decline in economic growth for average peo-
ple is clearly because the reins of power have
increasingly passed into the hands of the wealthy,
who tend to look out for their own. Most of us no
longer live in a democracy but rather a plutocracy,
meaning the rule of the wealthy. But something
else is happening too: Malthus is finally catching
up with us, if not exactly now (it probably is) then
it is likely to come on in spades soon. The global
population and its affluence can no longer be sup-
ported without piling up enormous debt, in mon-
etary terms but also energetically and
environmentally. Everywhere we look there are
serious environmental issues starting with the
potential impacts of climate change. There is cer-
tainly a lot of attention paid in some circles to
climate change. But we believe the potential
impact on our future society from issues related to
energy supply and EROI are likely to be as large or
even larger. It is likely that the effects of both will
occur in the same time frame, probably the next
few generations or perhaps sooner. Hopefully the
understanding and use of EROI in analyses and
public media will help soften the hard landing
ahead of us, as the high-quality fossil fuels that
have allowed many of the world’s 7.3 billion peo-
ple to live in relative luxury by the standards of
old are increasingly depleted.

But neither our economists nor our politi-
cians have the conceptual base or mental models
to deal with this and still rely on mental models
where the only operational levers for society are
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within the economy and are often some kind of
untested political ideology. Rather economists
must understand that much of what has deter-
mined human history and is likely to continue
to do so comes from outside the immediate
economy and is far less susceptible to internal
manipulation (8 Fig. 3.3). Biophysical econom-
ics is one antidote to this but hardly sufficient.
We need an entirely new approach to education,
including how we can work together to face a
world with increased constraints on our energy
and economic growth (@ Fig. 4.10). Our present
economic conceptual and mathematical models
are not only inappropriate but hugely misleading
if and as we enter this future.

Additional appropriate references can be found at a
supplement to our paper “Hydrocarbons and the
Evolution of human culture” (Nature 426 no. 6964.

p. 318-322). » www.nature.com/nature/journal/v426/
n6964/extref/nature02130-s1.doc
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5.1 Introduction

From its inception, biophysical economics has
been dedicated to the unity of the approaches
of natural and social science as a way to under-
stand the interaction of humans and nature. This
chapter explores methods of better accomplishing
this goal. We believe that such a unity of meth-
ods of inquiry will produce a deeper understand-
ing of the present and future problems that face
us in a potentially energy-short and climate-
compromised world. Usually the study of natu-
ral and social sciences is approached separately.
Ecology and biophysics are studied as natural sci-
ence while economics and social history as social
sciences. Upon what grounds can we unify them?
This unification is not as simple as it may
seem, as the methods differ greatly, not only
between natural and social sciences but among
social sciences themselves. Unlike many natural
sciences, social sciences seldom rely on controlled
laboratory experiments. If one wanted to test
the proposition that lack of adequate nutrition
adversely affects learning outcome in young chil-
dren, it would be ethically suspect to set up a con-
trol group and feed them well and simultaneously
deprive an experimental group of enough to eat.
That would be considered morally reprehensible.
Along with consistent use of the scientific
method, natural sciences have principles which
all practitioners believe. All natural sciences
must be consistent with the laws of thermody-
namics and basic principles of evolution. The
field of quantum mechanics unified physics and
chemistry. All natural sciences share these start-
ing points. The case is not the same with social
sciences. Mainstream economists start with the
idea that individuals are rational actors who
respond to incentives. The goal is to find the right
set of incentives to make people with self-regard-
ing preferences cooperate with one another.
However, many psychologists are reluctant to
accept the rational actor model. Moreover, some
try to prove what economists simply assume.
Anthropologists study mainly small-scale soci-
eties and focus upon culture. Sociologists give
primacy to large-scale modern societies. Political
scientists believe that political processes deter-
mine behavior, while neoclassical economists
place very little value on studying social or politi-
cal institutions [1]. In addition, social sciences
usually have a sense of purpose. But a sense of
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purpose implies delving into the messy world
of actual human behavior and fundamental dif-
ferences in what constitutes a good society. Is a
good society one in which market principles are
sufficient, or is it a collective society in which the
government is the agent of the common good?
Does voting imply democracy, or is a large-scale
participation of all social classes necessary? Is a
good society an equal society or one that rewards
individual effort with great riches? Social sci-
ences have debated these topics for ages, and
they continue in the present day without being
fundamentally resolved. We do not have defini-
tive answers to these questions, but rather the
perspective that the role played by energy in pro-
viding the material basis for our society needs
to be part of the debate. Without understanding
the crucial role of energy in transforming the
way we do work, the way we consume, and the
way we interact with one another, we doubt these
debates can ever be resolved.

We cannot speak for all social sciences in this
text, although as time passes, the incorporation of
more social scientists and their varied approaches
into biophysical economics is an important goal.
A theoretically and methodologically diverse
approach is capable of understanding more
dimensions of complex problems than is a single,
disciplinary approach. Rather we will focus on the
integration of biophysical sciences with economic
and historical analysis as we produce biophysi-
cal economics. Access to high-quality energy
is crucially important in determining what can
be produced and how. Discovering and exploit-
ing energy resources takes place in an economic
context. For example, coal is abundant and has an
energy return on investment (EROI) that exceeds
many forms of alternative energy such as wind
and solar. Yet, at the same time, coal mines are
shutting down, laying off workers, and filing for
bankruptcy. Understanding this complex inter-
action between the possibilities found in nature
and those in the human economy is the goal of
biophysical economics.

In the previous chapter, we outlined a set of
potential principles for biophysical economics
from the perspective of biophysical science.

1. The inadequacy of neoclassical economics.

2. 'The need to incorporate biophysical realities
into economics.

3. The importance of the fossil fuel revolution
for economic growth.
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4. Limits to Growth is a real (if complex) issue:
peak oil and declining energy returns on
investment (EROI). We must ask the question:
Can renewables substitute for fossil fuels?

5. The need to improve and generate better
estimates for EROI and equations for
biophysical economics.

As we turn, in this chapter, to biophysical eco-
nomics from a social science approach the list
needs to be somewhat modified. The first princi-
ple is that biophysical economics needs to include
economics. We need to study the economy in its
own right and not reduce all human economic
activity to questions of access to energy. The most
important point is that social and economic prin-
ciples must be consistent with the basic laws of sci-
ence and with research in other behavioral
sciences! With that said, let us now augment the
above list.

1. Biophysical economics must go beyond a
critique of neoclassical economics.

2. We have done that in many books and arti-
cles, including » Chap. 3, already. Fundamen-
tally, we need to transcend the orthodox ideas
of the rational, self-interested, hedonistic,
individualistic homo economicus operating
in the idealized world of perfect competition
and replace it with a broader understanding
of actual humans who behave in social and
institutional contexts. Moreover, biophysical
economics needs to transcend the idea that
the study of price formation should be the
fundamental goal of economics.

3. Building upon point number one, we need to
incorporate economic reality into biophysical
economics.

4. We live in a world economy characterized
by large-scale multinational corporations,
which maximize profits in the long run and
are often more powerful than the govern-
ments of the nations in which they operate.
In addition, industrial corporations, and
not just banks, are often complex financial
institutions. General Motors’ major profit
source comes from its financing operations,
General Motors Acceptance Corporation,
which also sells home mortgages. We can no
longer accept the notion that capital simply
denotes means of production in an era where
the share of gross domestic product claimed
by the Finance, Insurance, and Real Estate
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(FIRE) sector has increased from about 30%
in 1970 to more than 90% now [2]. The eco-
nomics in biophysical economics must reflect
the globalized, financialized, monopolized
nature of the actual economy in which we
live.

One can easily observe the connections
between fossil fuel use and economic activity,
but biophysical economics must explain the
connection more deeply.

In other words, what are the causal mecha-
nisms that link increased fuel use to overall
economic performance and labor productiv-
ity? In » Chap. 8, we develop such a link. The
fundamental question is why did coal-driven
steam engines displace water as a power
source when coal was expensive and water
power was essentially free, once the water
wheel was constructed? The answer lies in the
connection between human labor and fossil
fuels. Water-powered factories were located
primarily in rural areas where adequate and
disciplined labor supplies were difficult to
obtain. In urban centers, such as Manchester,
England, large numbers of workers were
ready and able to work for mere subsistence
wages. The consistent power of a fossil fuel
power source allowed manufacturers and
inventors to produce self-acting machinery,
replacing not only large numbers of workers
but also reducing the need for skilled labor
in the production process [3, 4]. Business
leaders do not want to give up their plans for
profit making, capital accumulation, and eco-
nomic growth simply because high-quality
energy is less available or energy prices
higher. They will often reorganize the labor
process spatially and in terms of skill require-
ments and number of workers to accomplish
their goals. The causal link between fos-

sil fuels and economic performance runs
through human labor, and the transition
from the solar flow to the terrestrial stock
enabled a veritable revolution in labor pro-
ductivity.

Limits to growth are economic as well as
biophysical, in the sense that the process of
capital accumulation is self-limiting, even
without biophysical constraints.

There are many limits to growth built into
the internal dynamics of the capital accu-
mulation process, resulting in prolonged
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periods of slow economic growth. Since the
1930s, economists have called this phenom-
enon “secular stagnation.” Most schools of
thought, from the most conservative to the
most progressive, have weighed in on the
causes of slow economic growth. We would
like to assert that the best starting point for
the development of a biophysical economic
theory of stagnation, one which ties the
biophysical limits to the internal dynamics of
investment, lies in heterodox political econ-
omy and institutional economics, rather than
in neoclassical theory. In this context, we will
explore a more realistic explanation of the
role that technological change plays in eco-
nomic development based in epoch-making
or Promethean innovations that fundamen-
tally reorder economy and society. Answering
questions about the adoption of alternative
energy sources will require a realistic theory
of technological change grounded in actual
historical practices and power relations.
Developing a more formal analysis for
biophysical economics is a good long-term
goal, and a great deal of current research is
directed toward this goal. However, there is

a certain danger in a quest for a formal set of
analytical tools in the absence of a solid con-
ceptual model. Nobel Laureate Paul Krugman
captured the essence of this problem when he
stated: “the economics profession went astray
because economists, as a group, mistook
beauty, clad in impressive-looking mathemat-
ics, for truth” [5]. There are many equations
in economics that constrain actual human
behavior to fit the equations. If the results do
not fit the idea that market economies pro-
duce efficiency, equity, and the maximum of
human well-being, then the actual behavior is
simply dismissed. Inclusion of concentrated
industries (or monopoly power) does a great
deal of harm to neoclassical theory. That is
why monopolization is treated as an after-
thought. On the other hand, mathematics
can be very useful. It can allow one to put the
barrage of data with which we are confronted
into recognizable patterns that can be more
easily analyzed. Mathematics alone, however,
cannot substitute for a theory grounded in
economic and biophysical reality. For that, we
need to develop a rigorous conceptual model,
whose pre-analytical vision is grounded in

biophysical and economic reality. We will
propose just such a set of models later in this
chapter.

5.2 A Selective History of

Biophysical Economic Thought

In this section, we will review prior writing by the
present authors and their colleagues on biophysi-
cal economics. Since biophysical economics has a
historical approach as part of its core methodol-
ogy, many of the articles mentioned contain
reviews of a broader literature. The term biophys-
ical economics was first used explicitly in the
1980s by Charles Hall and his colleagues Cutler
Cleveland, Robert Costanza, and Robert
Kaufmann. In a paper entitled “Energy and the
U.S. Economy: A Biophysical Perspective” [6], the
authors test several hypotheses relating energy
use to economic activity and find that gross
national product (GNP) and labor productivity
are correlated closely with energy use, especially
when corrected for energy quality.

5.2.1 Energy and the US Economy

The economic goals of stable prices, full employ-
ment, and increasing per capita wealth were
met during the long expansion from 1940 to
1970. After 1973, however, these goals became
incompatible. Increased spending produced not
stable prices, full employment, and prosperity
but simultaneous recession and unemployment.
Keynesian tools no longer worked well, and
Keynesian theory fell into disarray. The present
authors propose alternative explanations to the
beginning of the long period of post-1973 stag-
nation by introducing biophysical factors such
as oil consumption, the energy return on invest-
ment, and improvements in resource quality
into the argument. The paper lists several goals
and hypotheses. The approach was to approach
macroeconomics from a thermodynamic and
production perspective rather than from the
traditional neoclassical view of creating well-
being by exchange of goods and services for
money according to human preferences. In their
view, productions upgrade the organizational
structure of matter and energy into lower entropy
goods and services. Production is a work process
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which necessitates available free energy. A com-
prehensive analysis of economic production
needs to include the thermodynamics of work.
Furthermore, changes in resource quality affect
the ease, and cost, of extracting energy and the
economic throughput of matter and energy.

They argue that economic policy must incor-
porate the physical properties of resources, lest the
predictions and policy recommendations be less
accurate and less effective. They examined the
relations between fuel use, economic output, and
labor productivity over the 90 years preceding the
publication of the article by the method of ordi-
nary least squares using both time series and
cross-sectional analyses. They found a high coef-
ficient of determination (R?) of 0.98 for time series
and cross-sectional estimates. This showed a
strong link between economic output and fuel
use. They found that a large degree of the increase
of labor productivity was due to an increase in
direct energy use as well as the indirect energy use
embodied in capital equipment. This is an excel-
lent example where an understanding of the bio-
physical basis (increasing energy used per worker
per hour) of a social process (increasing labor
productivity) is facilitated by a biophysical assess-
ment. Furthermore, they found changes in the
price level correlated with changes in the money
supply relative to the physical supply of energy but
expressed concern that the energy costs of locat-
ing, extracting, and refining fuel have risen despite
significant technological changes. Technology
made previously inaccessible resources economi-
cally feasible, but at the expense of increasing
energy intensity of extraction. Economic output
per unit of fuel use fell 60% since 1939. Oil discov-
eries peaked in the 1930s, and oil production
peaked in the 1970s. Since then, energy returns on
investment have fallen from 30:1 in the mid-1960s
to 18:1in 1977 and to 10:1 in 2007. They conclude
that if the nation wishes to sustain economic
growth, alternative fuels with the same EROI as
fossil fuels must be found. In the absence of such
discoveries, energy availability and quality will be
a limiting factor in continued economic growth.

5.2.2 The Ecology of the
Economic Process

Hall, Cleveland, and Kaufmann followed the
1984 Science paper with a book-length mono-
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graph called Energy and Resource Quality: The
Ecology of the Economic Process [7] in 1986. In
this book, they use the principles of systems ecol-
ogy to analyze economic processes, defining in
the economy how energy is used to transform
natural resources into goods and services to meet
society’s material needs. Energy and economic
systems comprise a fundamental, interacting,
ecosystem whose mechanism cannot be under-
stood by viewing ecosystems and economies in
isolation. Understanding the role of energy in
human affairs is tied to virtually all environmen-
tal and economic questions, so energy should be
an analytical focal point. They state their motiva-
tions were a fascination with human-dominated
ecosystems based upon fossil fuel consumption
and a dissatisfaction with the state of current
economic theory. They argued that the energy
basis of economic activity, is not all that deter-
mines economic phenomena but should be
a crucial component to supplement standard
economic analysis. This book provided detailed
analyses of thermodynamics, the energy require-
ments of human activity, and the concept of the
energy return on investment, then expressed in
kilocalories.

The book introduced the method of careful
examination of schools of economic thought that
could serve as alternatives to the inadequately
developed neoclassical economics, including the
well-known figures from classical political economy
such as the Physiocrats, Adam Smith, David
Ricardo, and Karl Marx, along with lesser known
luminaries such as Sergei Podolinsky, Fred Cottrell,
Frederick Soddy, and Wilhelm Ostwald who
included biophysical phenomena in their social and
economic analyses. They also included a series of
diagrams and conceptual models, such as the eco-
nomic activity as a continuous process from solar
energy to extraction, to production, to consump-
tion and waste, along with a model of an economy
embedded within a flow of energy from the sun
through the ecosystem through the economy, and
finally to waste heat. These models appeared in
other articles by Hall and colleagues, as well as in
the pages the first edition of this book (8 Figs. 5.1,
5.2, and 5.3). At this early stage of theoretical devel-
opment, they simply inserted a circular flow of
exchange value into the biophysical flows of energy
and materials. Later in this chapter, we will present
some more sophisticated approaches. The book
provides detailed analyses of the availability of



106

many energy sources, from conventional oil to solar
power, and very detailed studies of the EROIs of
agriculture, imported oil, gas, coal, and nuclear
power, including the then-unanticipated costs. The
book continues with a section on the general
impacts of burning fossil fuels, including changes in
atmospheric concentrations of carbon dioxide,
human effects upon the carbon cycle, ocean acidifi-
cation, and crop production. The book ends with an
editorial on the fading beacon of economic growth
and the stark choices that face society as the avail-
ability and quantity of oil decline.

5.2.3 Historical Perspective
and Current Research Trends

The next year Cutler Cleveland produced an essay
on the historical perspective and current research
trends in biophysical economics [8]. Here he aug-
mented themes that first appeared in the 1984 and
1986 works with Hall, Kaufmann, and Costanza.
Ignoring physical laws has prevented standard
economics from understanding fully the eco-
nomic significance of changes in energy quality
upon basic support service and waste assimila-
tion. Furthermore, economic factors of produc-
tion such as labor and capital depend upon
low-entropy matter and energy. Neither capital
nor labor, alone or in combination, can create
natural resources. Cleveland provides a more
detailed history of economic analysis starting with
the Physiocrats and classical political economists.
He then integrates the laws of thermodynamics
into economic theory in a more detailed manner
with the work of Podolinsky and concludes that
the ultimate limits to economic growth lay not in
the relations of production but in physical and
economic laws. Later in this chapter, we will argue
that a more complete understanding of the growth
process will stem from a fuller understanding of
the interaction of biophysical and internal limits
found in the relations of production. Cleveland
expands his analysis by focusing on Frederick
Soddy, who developed an economic analysis on
biophysical first principles, Alfred Lotka who ini-
tiated the discussion of Maximum Power, and the
technocratic movement, who advocated a society
run by technocrats rather than politicians and
businessmen. Special mention is reserved for
M. King Hubbert, who first enunciated the theory
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of peak oil and asserted that the industrial and
fossil fuel era is just a transitory phase in human
history. The work of Hubbert and Lotka were
reflected in the work of pioneering systems ecolo-
gist Howard T. Odum who developed a systematic
methodology for using energy laws to analyze the
combined system of humans and nature. The
Ecological Modelling article shows how biophysi-
cal economics was enhance by the empirical work
of Energy Resources Group at the University of
Illinois who developed an input-output model
based on energy flows from which to calculate
direct and indirect energy costs.

Particular praise is heaped upon Nicholas
Georgescu-Roegen and his student, Herman
Daly, for formally incorporating the laws of ther-
modynamics, especially the entropy law, into eco-
nomic theory. Georgescu-Roegen asserted that
thermodynamics was the physics of economic
value and that it was the most economic of all
physical laws, as it came from Sadi Carnot’s exper-
iments upon that human creation: the steam
engine. This rendered the economic process uni-
directional and not circular, as low-entropy
energy and matter are transformed into high-
entropy waste in the process of production. But
the steps in between are what interests humans.
Yet human agency is required to produce happi-
ness in the human world. Low-entropy matter
and energy are necessary but not sufficient.

The article ends by enunciating the principle
that the absence of biophysical principles renders
economic growth theory unable to make viable
predictions about long-term trends, given the
large and unexplained statistical residuals that are
attributed to a vague and simplistic notion of
exogenous technological change. From a biophys-
ical perspective, standard economic theory needs
to pay attention to the economic impacts of how
changes in resource quality affect humans.

5.2.4 The Need to Reintegrate
the Natural Sciences
with Economics

In 2001, Charles Hall and colleagues published an
article in BioScience calling for less isolation
among academic disciplines related to economics
[9]. They begin by asserting that wealth that is dis-
tributed in markets must be produced in the
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natural world. As part of the natural world, pro-
duction must obey the laws of physics, chemistry,
and biology. Unfortunately, standard economic
models disregard key aspects of production. This
was not always the case, as the theories of classical
political economy were more fundamentally
grounded in nature. Physiocratic theory gave pri-
macy to the land as the most fundamental com-
ponent in the production of wealth. For classical
political economists like Adam Smith, Thomas
Malthus, and David Ricardo, land as a fixed factor
of production gave rise to diminishing marginal
returns and the tendency of wages to drop toward
subsistence level. Karl Marx was probably the first
political economist of the fossil fuel era, and he
fully understood the potential of coal-driven
machinery to augment, and sometimes displace,
human labor, resulting in rising productivity. By
the 1870s, classical political economy was sup-
planted by neoclassical economics, so today most
of the world’s economic decisions are based on
models that are inconsistent with nature. Hall
et al. argue neoclassical theory is inadequate
because (1) it is not grounded in the biophysical
world (2) the basic principles of economics are
logical posits, not tested hypotheses. They do not
contain a flow of energy through the system but
focus entirely on markets and exchange. They
suggest that the circular flow model be replaced
by a model that embeds the economy in the nec-
essary energy flows, the model first introduced in
Ecology of the Economic Process. They also critique
mainstream theory for its validation processes.
The fundamental assumptions about human
behavior, such as acquisitiveness, rationality, and
self-regarding preferences, are never put to statis-
tical testing. Economists assert these are “main-
tained hypotheses” that do not require testing.
However, from the biophysical point of view,
these assumptions should be subjected to empiri-
cal verification.

The authors then ask the question, why does
neoclassical economics assign such a low value to
nature? Conventional economists do so because
advanced industrial economies spend only 5-6%
of their economic output on energy, which there-
fore gives energy a low value by the economists’
monetary criteria. Although fossil-derived energy
gives each of us 70-80 “energy slaves” to do the
hard physical labor of yesteryear, energy is usually
not included whatsoever in neoclassical produc-
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tion functions. The article then extends the prior
work of one of the coauthors, Reiner Kiimmel,
who inserted both energy and creativity into the
basic production function postulated by Robert
Solow in his famous 1956 article “A Contribution
to the Theory of Economic Growth” Solow used
capital and labor as the sole independent variables
in his equation, and the equations were structured
to allow ample substitution of inputs (by using a
Cobb-Douglas production function). While the
model produced a steady-state growth path in
place of the volatility of earlier models by Roy
Harrod and Evsey Domar, it also produced an
unexplained residual of up to 70% which Solow
attributed to technological improvement (this
was called the “Solow residual”). When Kiimmel
and colleagues included energy and creativity in
the list of independent variables, after taking the
elasticities (or %A in result/%A in cause) of all
independent variables, and testing them with a
LINEX function, the residual virtually disap-
peared. Energy explained nearly all of the “Solow
residual” and was more powerful than either capi-
tal or labor! The social implications include the
prediction that expensive labor will continue to be
replaced by cheap capital and energy. Price does
not always reflect scarcity and importance, and
the goal of sustainable development must be
reconsidered carefully in the light of energy and
materials requirements. In less developed nations,
policies based on neoclassical economics may
lead to an overexpansion of debt, and humans
tend to seek political explanations for events pre-
cipitated by biophysical causes. Biological impli-
cations of the analysis are based on the fact that
agriculture, medical technology, wildlife manage-
ment, and conservation all require energy. Human
well-being stems from the redirecting of energy
from natural food chains and processes to human
ends. Finally, overpopulation, groundwater pollu-
tion, and changes in the carbon cycle and compo-
sition of the atmosphere are not externalities but
part of the fossil fuel system.

5.2.5 The Early History of Modern
Ecological Economics

In 2004, Ingrid Repke authored a review article on
“The Early History of Ecological Economics” [10].
She raised several methodological issues about the
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social and internal process of research in a quest to
trace the approach to intellectual rigor. She also
included institutional contexts and political factors,
as well as diffused social influences. She contends
that early ecological economics was quite open to
diverse ideas in its conference and the pages of its
journal, Ecological Economics. Early ecological eco-
nomics conceptualized the economy in terms used
to describe nature, and the focus on thermody-
namics revealed half-forgotten authors that not
even Nicholas Georgescu-Roegen was aware of
when he wrote The Entropy Law and the Economic
Process. These many authors showed the ground-
breaking work in the 1970s through the 1990s to
ground economics in biophysical reality. This is,
perhaps, best summed up by a quote from English
economist Mick Common. “You can’t understand
the last 200 years of human history without under-
standing energy. We could have accumulated vast
amounts of capital, but it wouldn’t have done what
it has done for us, had it not exploited fossil fuels.
Energy is what you need to do work, and doing
work is what economics is all about”

Ropke listed many important themes and
observations, most of which have to do with
energy quality. They included the ideas that the
decline in energy used per unit of gross domestic
product was the result of using higher-quality
fuels. Regarding labor productivity, technological
change relies on capital that uses more fossil fuels
per laborer, so increased labor productivity can be
attributed to fossil fuels. Agriculture captures solar
energy, but modern, fossil fuel-driven agriculture
is far less efficient. Empirical models, such as
input-output, along with distribution theory ana-
lyze the effects of energy taxation. She also asks the
questions: do prices correlate with direct and indi-
rect energy inputs? Does embodied energy pro-
vide a good measure of the value of goods and
service? Ropke discusses the role played by sys-
tems theory, especially that derived from the work
of Ilya Prigogine, as well as by institutional econo-
mists such as the French Regulationist School,
although she recognizes that environmental anal-
yses played only a small part in many institution-
alist journals. Early ecological economics was a
meeting place for researchers committed to the
idea that environmental issues and biophysical
limits needed to be taken seriously.
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5.2.6 A New Biophysically
Based Paradigm

The 2006 publication of “The Need for a New,
Biophysically-Based Paradigm in Economics
for the Second Half of the Age of Oil” [11]
marked the first scholarly collaboration
between Charles Hall and Kent Klitgaard. The
paper began with the familiar critique of neo-
classical economics and indicated the skepti-
cism of the basic conceptual model among
prominent economists and Nobel Laureates.
But the article also introduced a new critique
of ecological economics. As seen in the Ropke
survey article mentioned above, ecological eco-
nomics began with a call for transdisciplinary
research and a commitment to methodological
pluralism. By 2006, according to the authors,
ecological economics had abandoned its roots
and has become, in essence, a branch of main-
stream environmental economics specializing
in putting a monetary value on ecosystem ser-
vices and natural capital.

Hall and Klitgaard then reiterate the transi-
tion from a more biophysically-based approach
that characterized classical political economy to
the abandonment of biophysical reality with the
transition to neoclassical economics that lim-
ited its research agenda to the study of the
exchange process, based on hedonistic human
behavior and perfectly competitive markets.
The article criticized the use of neoclassical pro-
duction functions for the exclusion of energy
and energy quality as an independent variable,
showing that such models did not produce
accurate results or predictions. The authors
asserted that economics should not be solely a
social science at the expense of biophysical sci-
ence; stated that the object of biophysical eco-
nomics was to study the biological and physical
properties, structures, and processes to the
actual economy; and advocated the methods of
systems ecology as a starting point. The paper
ends by asking the question “are we optimistic
or pessimistic?” The authors expressed opti-
mism that there are far superior ways of using
resources than those of the present but pessi-
mistic in that the decisions are too often left to
market processes.
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5.2.7 EROI, Peak Qil, and the
End of Economic Growth

The year 2011 saw the publication of 21 articles
that showed the theoretical diversity that consti-
tutes biophysical economics. David Murphy and
Charles Hall collaborated on a paper in “Ecological
Economic Reviews” asserting that the causes of
the long-term economic slowdown and the finan-
cial crisis of 2008-2009 could be attributed to
changes in energy supply and fuel prices [12]. For
the past 40 years, increased use of fossil fuels has
driven economic growth. The ability to increase
the global supply in the future is doubtful, given
the depletion of cheaper, and easier to access, con-
ventional oil and their replacement with lower-
quality unconventional, and more expensive,
sources such as deepwater wells and Canadian oil
sands. This situation creates a series of feedbacks
that the authors term the economic growth para-
dox. Further increases in oil use, given the deple-
tion of low-cost fuel sources, will require rising
energy prices; the higher prices reduce quantities
demanded of fuel which dampens economic
growth. Consequently, the economic growth of
the last 40 years is unlikely to continue without
some remarkable change in how we manage the
economy.

Historically, there has been a tight correlation
between oil consumption and economic growth,
and aside from a few interruptions, oil supplies
have kept pace with demand. Since 1970, oil con-
sumption has increased by 40% and GDP has tri-
pled. However, since US oil production peaked in
1970, every oil price spike has been followed by a
recession. The article shows that the 1973 oil
shortage produced four effects.

1. There was a decline in oil consumption.

2. The capital stock and existing technologies
became too expensive to operate at higher-
energy prices.

3. Marginal cost increased for manufactured
goods.

4. The cost of transport fuels rose.

Expansionary periods showed the opposite
trends. Lower oil prices and higher consumption
were indicative of a growing economy. During
times of economic expansion, oil prices averaged
$37 per barrel, while they averaged $58/barrel in
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times of recession. Qil consumption rose 2%
per annum in expansionary years and declined by
3% during recessions. According to the authors,
rising oil prices are not compatible with long-
term expansion. Evidence for this proposition
includes the fact that production now exceeds
discoveries, oil production is flat despite rising oil
prices, and most of the easy-to-find oil has already
been found. Much of the increase in the world’s
oil supply in the period of 2004-2008 came not
from increases in new sources but from a drawing
down of Saudi spare capacity, which fell from 6%
to 2% over these years. Oil production has leveled
off despite higher prices, which is an empirical
phenomenon in conflict with standard economic
theory. Murphy and Hall respond to critics of
peak oil theory by saying to the critics who believe
sufficient substitutes will be forthcoming, given
the correct price incentives, by stating “you can't
produce what you can’t find” There is no substi-
tute for conventional oil at the same price and the
same quality.

The paper then turns to an analysis of energy
returns on investment. The authors cite energy
analyst Nate Gagnon’s research who states that the
EROI for oil from all publicly traded international
companies fell from 36:1 in the 1990s to 18:1 in
2004. That was due to the fact that new sources of
oil are more energy intensive to produce than are
old ones and that enhanced recovery techniques
that boosted production for 4 years had a short life.
Oil production in fields such as Mexicos Cantarell
fell precipitously in this time period. The authors
predict that the production of conventional oil will
continue to decline in the coming years. This ren-
ders the business-as-usual strategy of pursuing
economic growth untenable because of the eco-
nomic growth paradox. The causes of economic
stagnation and recession can be found in the bio-
physical explanation of this paradox. Economic
growth spurs oil demand. Increased oil production
can only be met from lower EROI sources. As
extraction costs rise, so do oil prices. The price
increases stall economic growth, and the contrac-
tion reduces the demand for oil. The reduced
demand results in lower prices. Peak oil is likely to
take the form of an “undulating plateau” instead of
a nicely formed Gaussian maximum. But, in the
end the higher prices of more costly, lower EROI,
fuels will dampen future economic growth.
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5.2.8 Ecological Economics
and Institutional Change

Lisi Krall and Kent Klitgaard also published, in
2011, a biophysical critique of mainstream eco-
logical economics and its inability to understand
the changes necessary to achieve economic justice
while living within the Earth’s finite limits [13].
They begin by recognizing the importance of the
embedded economy as a conceptual model. Yet
they criticize ecological economics for allotting
too much effort to finding the right price for
nature in the form of valuing natural capital and
ecosystem services, and too little to understand-
ing the foundational underpinnings and internal
logic of a capitalist economy This is due largely to
the affinity of many ecological economists to neo-
classical methods and to their reluctance to con-
sider fundamental social and institutional change
as necessary to achieve sustainability. This leads to
a cursory understanding of the systems dynamics.
For example, in Costanza et al’s Introduction to
Ecological Economics, the authors survey, as did
Cleveland, earlier economic thought. However,
the reader sees Smith without the division of
labor, Malthus and Ricardo without the Corn
Laws, and Marx without crisis theory, the essence
of these authors analyses. The early ecological
treatment of the history of political economy
focused primarily on enunciating the biophysical
principles found in classical political economy,
but did so without a broad understanding of the
political and economic conditions under which
these theories were advanced. Furthermore, Daly
provides the neoclassical criterion of setting mar-
ginal benefits equal to marginal costs to determine
when to stop producing at the macroeconomic
level. However, the problem is not just when to
stop, but how to stop.

Krall and Klitgaard contend that ecological
economics has split into two branches, one focus-
ing on valuing natural capital and the second on
developing steady-state economies, and that both
flow from the original work of Herman Daly. Daly
contends that an economy, when it is working
well, does three things. It allocates goods and ser-
vices, distributes income, and determines macro-
economic scale. He proposes standards and
methods for evaluating these goals. Daly also
asserts that these three categories can be sepa-
rated analytically. The criterion for allocation is

efficiency, which can best be left to markets.
Distribution should be based on justice, and mac-
roeconomic scale should be based on sustainabil-
ity or living well within Earth’s limits. These last
two features need to be planned. But how does
one plan for justice and the absence of growth in a
system that produces inequality along with goods
and services and depends upon growth, without
subjecting the population to increased poverty,
unemployment, and lack of opportunities?
Moreover, in the actual economy, allocation, dis-
tribution, and macroeconomic scale are united in
the process of the reinvestment of society’s eco-
nomic surplus. Herman Daly was not the first to
separate these categories analytically. Paul
Samuelson did much the same in 1947 with his
“grand neoclassical synthesis” The differences
between Samuelson and Daly were that Samuelson
believed that income distribution problems could
be solved by the market, as could allocation, and
that the government should be responsible for
promoting economic growth. Daly, instead, was a
proponent of a steady-state, no-growth economy;,
where well-being and development could be
divorced from economic growth by limiting the
throughput of matter and energy to the economic
system, while increasing its efficiency.

However, as business historian Alfred
Chandler points out in The Visible Hand, the efhi-
ciency improvements of the industrial revolution
came by means of increasing throughput! This cre-
ates a conflict between the firm’s need to grow and
the biophysical need to reduce growth. Moreover,
the purpose of a capitalist enterprise, from the
smallest entrepreneur to the largest multinational
corporation, is to reduce costs, expand market
share, and plow the profits into increased scale of
operations. Krall and Klitgaard assert that the
logic of profit making at the firm level is incom-
patible with eliminating growth at the macroeco-
nomic level. To achieve a steady state and any
hope of sustainability, the fundamental logic of
the system must be brought to the fore. The
authors make the case that ecological (and bio-
physical) economics would be best served by
abandoning neoclassical ideology as soon as pos-
sible and build a better theory based on heterodox
political economy and institutional economics.
They give a brief introduction to the main hetero-
dox and institutional schools that prevail today:
Social Structure of Accumulation, the Monthly
Review School, and the Development without
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Growth approach. The emphasis is on the com-
patibility of the logic of capital accumulation and
the social institutions that enable it. The article
ends with a quote from Thomas Jefferson. “Laws
and institutions must go hand in hand with the
progress of the human mind. As that becomes
more developed, more enlightened, as new dis-
coveries are made, new truths disclosed, and
manners and opinions change with the change in
circumstances, institutions must advance also, to
keep pace with the times”

5.2.9 Ecological Economics, Degrowth,
and Institutional Change

The next year, Klitgaard and Krall followed their
2011 article with a more comprehensive explica-
tion of heterodox and institutional theories [14].
They present evidence, in the form of US and
global rates of investment, profits, productivity,
and gross domestic product, that the age of eco-
nomic growth is coming to an end. They attribute
this decline to both biophysical constraints of
declining energy quality and rising cost and to the
internal dynamics of the capital accumulation
process. Evidence shows that the economic out-
put has been increasing at a decreasing rate since
the 1970s and that employment is linked to the
percentage growth rate of investment and final
demand. At the same time, total output has tri-
pled since 1970. It is the absolute accumulation of
the effluents of this growth that is pressuring the
environment. This creates the dilemma that we
are growing both too slowly and too fast at the
same time. Economic growth rates are not suffi-
cient to support increasing employment but are
too fast to live within nature’s biophysical limits.
The authors contend that if ecological and bio-
physical economists do not pay adequate atten-
tion to the social dimensions of unemployment
and economic stagnation, their valuable insights
on living within the planet’s biophysical limits
will be ignored or rejected by the population as a
whole. This creates a difficult situation in that, if
the economic system reaches its internal limits at
the same time the biophysical limits are reached,
a transition to a sustainable economy will be
exceedingly difficult. To understand the possible
trajectories of transition at this historical moment,
we must understand the interaction of the econ-
omy and the biophysical world as a complex sys-

m

tem and understand the boundaries, inputs,
outputs, and feedback mechanisms. Mainstream,
neoclassical, and Keynesian economics do not
provide an adequate basis for systematic analysis
in the modern era. The authors reiterate their call
for the adoption of models based in heterodox
political economy and institutional economics as
the basis of a viable model of the social compo-
nent of biophysical economics. Neither main-
stream Keynesianism nor neoclassical theory
recognizes sufliciently the existence of internal
limits to growth that accompany the biophysical
limits to growth. Heterodox political economy
and institutional economics build the social lim-
its to growth into the core of their theories and
are therefore more compatible with a biophysical
approach than are mainstream analyses.

Political economists have been writing about
the economy as a system since the 1700s. Smith,
Ricardo, John Stuart Mill, and Marx all presented
comprehensive, systematic expositions of how
the economy works. In the late 1930s and imme-
diate post-Second World War period, Keynesian
economists such as Evsey Domar, Alvin Hansen,
and Roy Harrod presented analyses as to how
the internal dynamics of the investment process
led to cyclical instability and long-term stagna-
tion. Political economists Paul Baran and Paul
Sweezy surveyed the work of these economists,
plus the writings in the Austrian, Marxist, and
institutional traditions to produce a theory that
because of the ability to produce a surplus, the
problem was one of how that surplus could be
spent. If not enough ways to spend the surplus
could be found, the result would be chronic
stagnation or low growth rates. In the 1980s, a
school of thought called the Social Structure
of Accumulation evolved from studies of how
changes in the institutions of the labor process
and labor markets impacted the long swings of
prosperity and stagnation. By the 1990s, this
analysis was elevated to include more macro-
economic variables. They recognize the advent
of neoliberalism, based on privatization, remili-
tarization, and the distribution of wealth from
labor to capital which heralded the emergence
of a new Social Structure of Accumulation in
the top tiers of society. The neoliberal era was
grounded in growth-oriented policies that could
not produce growth. The average growth rate in
the decade of the 2000s, when many neoliberal
policies were implemented, was a mere one-tenth
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of 1% higher than was the growth rate of the
depression decade of the 1930s. Neoliberals call
for a return to market principles of price compe-
tition to restore economic growth and stability.
Historically, however, the regulatory mechanism
has been one of the periodic depressions rather
than subtle price adjustments driven by com-
petition. Klitgaard and Krall end their article
with a call for a new economic framework that
focuses on the interaction between the internal
and biophysical limits to growth. They question
whether the present institutional arrangements
of globalized and monopolized multinational
corporations and governments that serve their
interests can provide enough employment while
sustaining the biophysical integrity of the planet.

5.3 Hydrocarbons and the

lllusion of Sustainability

In 2016, Kent Klitgaard published an article
entitled “Hydrocarbons and the Illusion of
Sustainability” [15] in the special issue of Monthly
Review, commemorating the 50th anniversary of
the publication of Baran and Sweezy’s Monopoly
Capital. Klitgaard contends that although energy
issues played but a minor role in Baran and
Sweezy’s opus, they presented an excellent method
by which to analyze current energy dilemmas and
biophysical limits, within a context of the limits
found in the dynamics of the capital accumulation
process. He chronicles recent declines in resource
quality, the economic effects of oil price spikes,
and the recent bankruptcies of coal companies.
After a brief summary of the theory of monopoly
capital, Klitgaard goes on to argue that the for-
mation of monopolies went hand in hand with
hydrocarbon development, from the mid-1500s
when the London Hostmen’s guild gained control
of the British coal trade in order to restrict output
and maintain prices to the role of Standard Oil
in forming a domestic monopoly and becoming
the world’s first powerful multinational corpora-
tion. He incorporates the theory of fossil capital
to argue that without access to coal to power
industrial machinery, the industrial revolution
would probably never have occurred. It was the
switch from the solar flow to the terrestrial stock
that allowed early industrialists to discipline labor
adequately, drive down wages, and reduce the
price of wage goods.

If, as Baran and Sweezy argue, the normal
stage of monopoly capitalism is economic stagna-
tion, what accounts for periods of prosperity? The
authors of Monopoly Capital provide evidence that
war and its aftermath and epoch-making innova-
tions propel periods of above-normal growth.
Klitgaard points out that all the epoch-making
innovations that drive prosperity, the steam
engine, the railroad, and the automobile, were
fossil fuel intensive. He also referred to a letter
from Sweezy to Nicholas Georgescu-Roegen (gra-
ciously given to Kent Klitgaard by John Gowdy;,
Georgescu-Roegen’s PhD student) that showed
not only the close personal and professional con-
nection between Sweezy and Georgescu but also
the close connection between epoch-making
innovations and the species-altering “Promethean
Innovations” developed by Georgescu-Roegen. In
one of Sweezy’s last Monthly Review articles, enti-
tled “Capitalism and the Environment;” Sweezy
attributed growing environmental destruction
to not only the increase in fossil fuel consump-
tion but to the dynamics of capital accumulation
itself. Capitalism depends upon capital accumula-
tion, and degrowth and the steady-state economy
needed to achieve life within biophysical limits
are incompatible with a system that needs to grow
forever. We need a system based upon decent
work, equitable distribution, and respect for
nature’s limits, not one based on inequality and
endless expansion.

5.4 Toward an Economic Theory

for Biophysical Economics

A biophysical economic theory must be consis-
tent with the principles of biophysical science.
Such a theory must also be grounded in a solid
historical understanding of how an actual econ-
omy works. The economic arguments of biophysi-
cal economics to date have dwelled mostly with
the shortcoming of neoclassical economics and
with a search for elements of greater understand-
ing in classical political economy that preceded
neoclassical economics. As seen in » Chap. 2,
classical political economists mostly lived in a
world that either predated the world of fossil
energy or was written at the formative years of the
fossil economy. For them, land was a fixed factor
of production that begrudgingly yielded its out-
put. The transition to the tremendously produc-
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tive power embodied in the chemical bonds of
hydrogen and carbon allowed economists to stop
thinking about the constraints of absolute scar-
city, subsistence wages, and the inevitable arrival
of the stationary state. Now all scarcity was rela-
tive to individuals’ supposedly insatiable need for
material comforts. Economics became the study
of exchange processes and price formation. This
critique has appeared regularly in the biophysical
economiic literature since the 1980s. The bound-
aries of the neoclassical system are drawn incor-
rectly as they do not include inputs of high-quality
energy nor heat waste. Neoclassical economics
ignores the second law of thermodynamics. The
neoclassical framework is dominated by negative
or self-canceling feedback mechanisms. Without
these, self-regulation would be impossible.
Moreover, neoclassical analysis ignores positive
feedbacks. Positive or self-perpetuating feedbacks
potentially produce tipping points and the need
for fundamental, systemic, change. Maurice Dobb
[16] makes the point that all new theories begin
with a critique of the old. Yet it is now time to start
building a biophysical theory on new methods
and new ideas. In short, it is time to link theoreti-
cally the internal limits to real-world economic
systems with the biophysical limits. While it is
certainly possible that contemporary neoclassical
economists could contribute to biophysical eco-
nomics, or that the techniques of the paradigm
may be useful, biophysical economics tends to
reject the dominant neoclassical framework due
to its inconsistencies with biophysical science.
We, for example, do not advocate a rejection of all
standard approaches to the quantification of
money. Where then can one find a sophisticated
framework by which one can make the causal link
between energy quality and availability and eco-
nomic outcomes?

It is now time to begin constructing such a
theory. We propose that the theory starts with the
actual economy that we experience today. The
economy is global, concentrated, and driven by
the needs of finance. It is time to abandon the
unrealistic abstraction of perfect competition. A
viable biophysical economic theory must be con-
sistent with the known laws of science and the
current level of research in other social science
disciplines such as anthropology, political science,
psychology, and sociology. It includes the notion
of the embedded economy, in which the economy
is a subsystem of both society and nature. The
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idea of an economy embedded in a larger society
dates back to Karl Polanyi, and the notion of an
economy embedded in a biophysical system and
its energy flows traces back to at least Nicholas
Georgescu-Roegen and his student Herman Daly.
These ideas are abstractions, but much more real-
istic and complete abstractions than are those of
the pure exchange economy. Biophysical econom-
ics should also include a theory of technological
change, whereby changes in technology are both
embodied in the economy, rather than appearing
as “manna from heaven” as in much neoclassical
growth theory, and can result in profound social
and geographical reorganization of the economy
and of society. A biophysical economic theory
should also realize that the slow growth of the past
four decades is not simply an aberration nor the
result of poor policy choices. Rather, secular stag-
nation is as embedded in our current system as
the economy is in nature. Slow growth is the result
of changes in the accumulation process. These
changes began to occur even before the age of
declining resource quality and falling EROI. The
economy has its own internal dynamic that oper-
ates in conjunction with biophysical constraints.
It is crucial to understand both sets of limits to
growth to address the problems of providing rea-
sonable incomes and decent work to the majority
of the world’s population as we approach the
world of the future that is likely to be slow grow-
ing, energy short, and climate compromised.

5.5 Secular Stagnation, the Theory
of Monopoly Capital, and the

Institutions of Accumulation

The term “secular stagnation” was coined by Alvin
Harvey Hansen in his 1938 book Full Recovery or
Stagnation, meant to explain the second crash of
the Great Depression and extend Keynes’ idea of
an underemployment equilibrium to the long
term [17]. US unemployment in 1937 rose from a
level of 14% that year to 19% in 1938 and not fall-
ing into “single digits” until the Second World
War began. In Hansens terminology, the
Recession of 1937 commenced long before “full
recovery” occurred. Hansen believed that a
mature economy, whose basic industrial infra-
structure had long ago been “built from scratch,”
would face limited investment opportunities in
the future. The epoch-making innovations of the
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past, such as the railroads and automobiles, were
unlikely to provide for vibrant investment in the
future. Furthermore, the geographical frontiers of
the country had been reached, and population
growth was in decline. Parenthetically, after the
war when the “baby boom” began, Hansen wrote
an article in Life Magazine declaring that kids
were a built-in tool to fight recession, as the
spending to support them would increase aggre-
gate demand. He argued that stagnation was
caused by shortfalls in investment and these could
be caused by a number of reasons including
income inequality that limits purchasing power
and consumption demand, excess capacity, and
market saturation. With investment opportunities
vanishing, Hansen called for policies of constant
and large-scale deficit spending on the part of the
government to provide the demand that the pri-
vate sector could not. The long postwar expansion
and a new automobile boom seemed to relegate
Hansen’s theory to an interesting theory of the
past until the economy began to stagnate in the
1970s. Forty-five years later, Lawrence Summers,
former Harvard president, vice-president of the
World Bank, and architect of neoliberalism, told
the Federal Reserve Board that the country was,
once again, in a state of secular stagnation. The
response of mainstream economists ranged from
dismissal to embrace. Mainstream critiques,
dubbed Mainstream Ideas of Secular Stagnation
(MISS), fell into two camps. Conservative econo-
mists tended to blame the slowdown in growth on
exogenous, supply-side factors that would limit
productivity growth such as an antibusiness cli-
mate and government regulations that raised
business costs, a dysfunctional labor market
where workers’ skills were mismatched with avail-
able jobs, a lack of infrastructure spending, and
stasis in retailing. None mention declining energy
quality as a supply constraint. Liberal economists
tended to favor demand-side explanations such as
a reduction in capital investment associated with
the digital economy (a server bank and internet
connection requires fewer investment funds than
does a steel mill or power plant), a debt overhang
from the previous financial explosion, and credit
markets that are insufficiently flexible to allow an
interest rate that is low enough (essentially nega-
tive) to enable monetary policy to produce full
employment [18]. Hans Despain contends that
neither liberal nor conservative mainstream
approaches capture the essence of the problem:
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that secular stagnation is built into the dynamics
of the capital accumulation process.

Scholars of the left have understood this con-
nection since the early 1930s. Michael Kalecki, a
contemporary of Keynes who had published
Keynes’ entire system, and more, in Polish 3 years
before the publication of the General Theory,
asserted that the natural outcome of competition
is monopoly concentration. The degree of monop-
oly could be calculated by measuring the ability to
mark up prices over prime costs such as labor,
machinery, and energy. This is a crucial element
for a biophysical economic theory as it means in
the modern economy prices are administered and
not set by supply and demand. If biophysical eco-
nomics is to be more than just another branch of
mainstream economics, it needs to develop a
sophisticated theory of administered pricing,
especially as regards energy. Kalecki also recog-
nized that the great tragedy of investment was
that it was useful and could be easily overbuilt. He
also realized that business cycles, in the age of
demand management and fiat money;, are political
and can be manipulated by government policy.
Josef Steindl, following in Kaleckis footsteps,
asserted that endogenous factors, especially the
concentration of oligopolies, were the root cause
of long-term stagnation. In a competitive econ-
omy, falling profit margins due to unused produc-
tive capacity would mean bankruptcy. But in a
concentrated economy, large corporations adjust
to market conditions by reducing quantity not
reducing prices. The increase in monopolization
thereby raises profit margins but also increases
excess capacity. Although gross profits may rise,
excess capacity reduces net profit margins and
investment stagnates because investors do not see
sufficient profits forthcoming by building new
capital equipment when they can utilize what they
already have [18].

Paul Baran and Paul Sweezy also analyzed the
mature capitalist economy in their 1966 work,
Monopoly Capital. Their book provoked consider-
able controversy among political economists
because they argued that Marx’s observation of
the tendency for the rate of profit to fall was driven
by price competition. But once Marx’s prediction
that competitive firms were replaced by concen-
trated and centralized industries (now called oli-
gopolies), the tendency for the rate of profit to fall
should be replaced by the tendency of the eco-
nomic surplus to rise. Starting from the classical
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notion of economic surplus, or the difference
between the value of the output and the sum of
subsistence consumption and replacement invest-
ment, they argued that modern capitalism is
dominated by giant corporations (or oligopolies)
which maximize long-term profits by administer-
ing prices, avoiding price competition, extending
market share, and reducing the cost of produc-
tion. This hypothesis of the 1960s is backed up by
considerable evidence in the second decade of the
twenty-first century. The number of industries in
which the top four firms control 50% or more of
the market has risen from 5 to 185 since the 1950s.
Gross profits of the top 200 US corporations have
risen from about 14% in 1950 to approximately
30% in 2008.

As a result, the economic surplus tends to
rise and needs to be absorbed by finding ade-
quate spending outlets. If it is not, production
will decline and chronic stagnation will appear.
Baran and Sweezy stated that there were three
methods of absorbing this rising economic sur-
plus: it could be consumed, invested, or simply
wasted. To analyze the increase in consumption
to levels sufficient to avoid stagnation, Baran and
Sweezy chronicle the development of the “sales
effort” Mass consumption was not the result of
rational consumers maximizing their subjective
utilities subject to limited incomes, but a con-
scious effort on the part of profit-seeking corpo-
rations and the state to assure that consumption
levels are adequate to absorb economic surplus
by creating needs that did not exist in the past
and products to fulfill them. Investment directly
absorbs the economic surplus but simultane-
ously creates more surplus to be absorbed in
the next period. Waste such as planned obso-
lescence or excessive military spending could
also serve as a potential absorber as well as war
itself. Baran and Sweezy show that a market
economy would succumb to long-term stagna-
tion in the absence of waste. If they are correct,
moving toward sustainability by reducing waste
may exacerbate the economic stagnation that is
already occurring within our current economic
structure. If the economy depends upon ever-
growing consumption, then it will be quite dif-
ficult to live well within nature’s limits, especially
as the fossil energy needed to produce the goods
and services is declining in quality. It is certainly
possible to see the overextension of credit in
our present era in the same vein. Certainly, in a
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rationally planned economy, employment could
be boosted, and the environment improved,
by large-scale public investment in nonfossil
transportation and the construction of a nonfos-
sil infrastructure. However, Baran and Sweezy
argue that large-scale public investment would
not absorb sufficiently the economic surplus
generated by the economy because of the power
relations of monopoly capitalism. Public invest-
ment that competed effectively with the private
sector would be kept within limits. Their argu-
ment seems to have contemporary relevance, as
the role of the government as a demand manager
is being debated both in the United States and in
Europe at the present time.

Because of the chronically unabsorbed sur-
plus, the normal state of a concentrated industrial
economy is slow growth, or secular stagnation,
not the assumed steady-state growth path of
neoclassical economics. In fact, the economic
literature also refers to secular stagnation as the
“Sweezy normal state” However, if stagnation is
the normal state of the economy, how would one
explain periods of prosperity such as those that
occurred in the 1960s? One biophysical explana-
tion is low oil prices for a prolonged period that
allowed for the increase in labor productivity.
Yet the theory of monopoly capitalism adds a
different dimension. Baran and Sweezy attrib-
uted prosperity to either war and its aftermath
or epoch-making innovations. The end of the
Second World War saw the United States rise
to the position of global hegemon. It controlled
the world’s financial system, had sole possession
of nuclear weapons until the late 1940s, and had
the world’s only viable industry after the war. By
the 1970s, the international monetary accords
had fallen apart, Germany and Japan had caught
up industrially with the United States, and the
United States spent billions of dollars fighting
wars in Southeast Asia. Epoch-making innova-
tions that stimulate demand and employment,
absorb vast quantities of investment capital,
create myriad peripheral industries, and result
in large-scale geographic shifts are few and far
between. Baran and Sweezy list only three: the
steam engine, the railroad, and the automobile.
All these innovations were propelled by cheap
and available fossil fuel. Without the automobile,
we would not have the shopping mall, suburban
housing, fast food, nor the soccer mom. In the
era of declining energy quality and availability,
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will there be an alternative vehicle by which to
absorb surplus? Certainly, the Internet and social
media have provided nowhere near the same lev-
els of employment and investment, although they
are a ubiquitous part of the lives of many today.
Biophysical economics would be well served by
developing a theory that links fossil fuel use to
the institutions of accumulation and the needs
for employment.

In the 1980s, Sweezy and Harry Magdoff
turned their attention to the rise of financial
institutions in the pages of their journal, Monthly
Review. They argued against the mainstream
proposition that the exploding number of finan-
cial instruments were dragging down real invest-
ment. Rather they asserted, and backed with
considerable statistical evidence, that investment
funds were flowing toward Finance, Insurance,
and Real Estate (FIRE) precisely because the real
economy was stagnant and profitable investments
were not forthcoming, especially in the second
half of the age of oil. The share of GDP accruing
to the FIRE sector increased from about 30% at
the start of the second half of the age of oil (1970)
to more than 90% by 2010 [2]. To put the matter
bluntly, the economy was kept from even more
serious stagnation by a combination of military
spending, financial speculation, and conspicuous
consumption. How is sustainability to be accom-
plished without a fundamental reorganization of
society’s institutions when these are the primary
drivers of even sluggish growth?

The Social Structure
of Accumulation

5.6

Further explorations in political economy and
institutional economics have focused upon the
interaction of short-term business cycles, long-
term trends of expansion and stagnation, and the
institutional structure in which economic activity
takes place. One of the most fruitful of these
explorations is the work of the Social Structure of
Accumulation theorists. The many economists
writing in this tradition define a Social Structure
of Accumulation as the institutional context in
which profit making occurs. Unlike Baran, Sweezy
and Magdoff, who came of age during the Great
Depression, they represent a new generation who
came to academic maturity in the long post-Sec-
ond World War expansion and questioned the

idea of secular stagnation. Instead, they embraced
Nikolai Kondratieft’s theory of long waves and
began to link their phases of expansion and con-
traction to changes in the conditions of labor.
Kondratieft’s theory was embraced by Harvard
economist Joseph Schumpeter as an alternative
explanation for long-term decline to that of
Hansen, his great intellectual rival. Although
Schumpeter was himself very conservative, he
nurtured and supported young scholars of all
political inclinations, including Paul Sweezy, Paul
Samuelson, and Nicholas Georgescu-Roegen. The
roots of liberal neoclassicism, neo-Marxism, and
biophysical economics all trace in a way back to
Schumpeter.

The institutional revival of the 1970s and 1980s
showed that the functioning of markets is embed-
ded within a context of social institutions. Just like
embedding the economy in a finite and nongrow-
ing biophysical system forces us to think about the
limits of the primary system, embedding the func-
tioning of markets within a social system forces us
to think about the interaction of markets with the
broader set of institutions. David Gordon and col-
leagues termed this interaction of macroeconomic
cycles and the institutional context the Social
Structure of Accumulation (SSA). An SSA is the
institutional context in which capital accumula-
tion occurs. In some historical eras, the institu-
tions are broadly supportive of profit making, and
the SSA enters an expansion phase. The economy
enters a long swing of growth [19]. At some point,
however, the institutional conditions change, and
the SSA collapses, leaving a decline of roughly
20-25 years in its wake. Phillip O’Hara summa-
rizes this position succinctly when he states: “The
system requires certain ‘public goods’ or systems
functions to promote accord, agreement, organi-
zation, communication, and information to mod-
erate conflict and instability that so-called ‘free
markets’ would otherwise largely be without™ [20].

SSAs go through distinct phases of explora-
tion, consolidation, and decay. A long wave with
an undertone of stagnation coincides with col-
lapse of an SSA, for example, the SSA of the early
twentieth century industrial revolution collapsed
in the Great Depression. Progressive capitalists
explore innovative ways of conducting produc-
tion and marketing. As they become successful,
a new set of institutional arrangements are con-
solidated and become the basis of a long period of
growth. Eventually, after 20 some years, changes
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in variables such as technology, world power
arrangements, and labor organization cause the
SSA to decay. In the decay, the world economy
begins to stagnate and a new long wave with an
undertone of stagnation ensues.

Bowles, Gordon, and Weisskopf [21]
extended the determinants of a Social Structure
of Accumulation from the conditions of labor
to broader categories of world relations and
domestic considerations. A postwar SSA was
constructed based on US hegemony, the recogni-
tion of unions in a limited capital-labor accord,
the limitation of price competition among large
firms, and a capital-citizen accord based on the
politics of economic growth. The postwar SSA
could not survive the early 1970s with the col-
lapse of the Bretton Woods accords, the peak and
beginning of the decline of US oil production, and
the era of stagflation. The conflict was between a
system that needed growth for economic and
political purposes but simply could not produce
it. After a period of impasse, a new, neoliberal SSA
began to be constructed upon more conservative
goals of (1) removal of international barriers to
the free movement of commodities and capital,
(2) the withdrawal of the state from regulatory
activity, (3) privatization of state enterprises and
public services, (4) a shift to regressive taxation,
(5) the end of the capital-labor accord, (6) the
replacement of corespective oligopoly behavior by
renewed competition, and (7) a faith in entrepre-
neurial spirit and free market ideology [21]. The
most recent SSA is coming to an end as inequality,
stagnation, increasing resource scarcity, and the
exaggerated positive feedback loops, exacerbated
by speculative finance, create untenable condi-
tions for the long-term stability of the system [22].

The SSA is supposed to provide the institutional
framework for long-term sustainable growth, at
least until it breaks down. Yet if, as seems likely,
every scientific measure of human impact upon
nature indicates that we are in overshoot, then
there is no possibility of configuring a new Social
Structure of Accumulation based on renewed
growth. Rather degrowth is demanded, a social
structure of deaccumulation. But at the same time,
the main power structures of government and
corporations and their supporting institutional
structures believe that growth is needed to achieve
a stable prosperous economy, with the absence of
growth seen as economic crisis. Wolfson and Kotz
state the matter forthrightly: “Capitalism does
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indeed display a powerful accumulation drive.
That drive is one of its central features. It is doubt-
ful whether capitalism could survive without the
accumulation of capital—it would be torn apart by
the conflict without an ‘expanding pie” [23].

The fundamental differences between the
Monthly Review School and the Social Structure
of Accumulation approach are secular stagnation
vs. long waves and, epoch-making innovations vs.
institutional restructuring. The Social Structure
of Accumulation school believes that the global
economy is seeing renewed competition where
the Monthly Review school sees another form of
oligopolistic rivalry. The SSA school also believes
that the right set of social institutions can produce
another period of long-term growth. That is harder
to believe in the age of declining resource quality,
but there are many important lessons to be learned
from both approaches. Most importantly, these
examples ground their theories in actually existing
economies that change historically and within the
context of social institutions. We believe that they
could serve as a good starting point, although not
the definitive ending point, of a viable theory of
growth for biophysical economics.

5.7 Equations and the

Conceptual Model

Before we rush headlong into formalizing a set of
equations by which to describe biophysical eco-
nomics, we should first establish a solid conceptual
model. The equations of mainstream economics
are derived from the pre-analytical vision that
the economy is self-contained and self-regulating
by means of price competition. We reject both of
those notions. Rather than reproduce equations
based on a faulty conceptual model, it is time to
advance candidates for a better starting point.

In » Chap. 3, we presented a model in which
the economy was embedded in a larger biophysi-
cal system that was dependent upon a flow of
solar energy, entering as visible light and exiting
as waste heat. However, that model, first advanced
in Energy and Resource Quality: The Ecology of the
Economic Process, places a simple circular flow
model within the economy which is also embed-
ded within the environment. Subsequent research
has shown that the circular flow is an inadequate
way to model the complex interactions of a bio-
physical economy grounded in solar flow, fossil
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Ecosystem

Solar Energy
Matter

U Natural capital . Man made capital

B Fig. 5.1 This figure is a depiction of the basic ecological
economics model developed by Herman Daly. It shows that
the economy is embedded within in the ecosystem, and
also shows the transformation of low-entropy solar energy
into high-entropy heat

fuels, extraction, production, distribution, and
waste. There is no role for institutions or actual
human behavior in this model. We must do better.

We would like to advance three candidates for
the conceptual starting point of biophysical eco-
nomics. The first is an early visual model that was
advanced by ecological economist Herman Daly
[24; B Fig 5.1]. The modeling of an embedded
economy is one of his greatest accomplishments.
Daly puts a growing, open economy inside a finite
and nongrowing ecosystem. He then differentiates
between an empty world, filled with natural capi-
tal but largely devoid of human-made capital, and
a full world that is abundant with human-made
capital but in which the products of nature have
become seriously depleted. The primary purpose
of the model was to show the need for a steady-
state economy that operates within nature’s finite
limits. This model has been also developed by
Hall et al. as given in B Fig. 3.3.

The second was another visual model devel-
oped by Neva Goodwin, Jonathan Harris and
their colleagues at the Global Development and
Environment Institute (GDAE) associated with
Tufts University in Medford, Massachusetts, USA
[25; @ Fig. 5.2]. The model embeds the economy

Environmental Context

Social Context

Economic Activity

Public
Purpose
Sphere

Business
Sphere

O Fig.5.2 The model embeds the economy not only in an ecological context but also in a social context (Neva

Goodwin [25])
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EARTH

Solary
energy

SOCIETY

ECONOMY

Household

Commons

B Fig. 5.3 Shows an economy that includes not just the market but also household production, the government, and

the all-important commons (Kate Raworth [26])

not only in an ecological context but also in a
social context. Not all human interactions are
exchange relations. In the real world, there are
interpersonal interactions that do not involve the
transfer of money. This part of the economy is
termed the core sector. The part of the economy
modeled by mainstream economics is called the
business sector, while the model adds a public
purpose sector of governments, nongovernmen-
tal organizations, and not-for-profit enterprises.
The use of Venn diagrams shows direct, personal
interaction among the sectors, not just indirect
interaction mediated by markets.

A third, but similar, approach is the brainchild
of development economist Kate Raworth and is
used to model her commitment to a safe and just
operating space for humanity [26]. She asserts that
the visual pictures of neoclassical economics are all
wrong and need to be replaced by images that see
the big picture, nurture human nature, and show
skepticism about economic growth. Her concep-
tual model shows an economy that includes not
just the market but also household production, the
government, and the all-important commons. The
recent work of GDAE-affiliated public policy ana-

lyst June Sekera [27] shows clearly how the very
notion of public service and the commons have
taken a beating in the neoliberal era. Restoring the
commons to a prominent place in the pre-analyt-
ical vision is a welcome addition in our opinion.

None of these models fits the exact needs of
biophysical economics. All are rather vague about
the role of energy. Yet they are a much better start-
ing point than is the circular flow model based on
hedonistic human behavior, perfect competition,
and pure exchange. When we get the conceptual
model specified sufficiently, a set of equations will
be forthcoming.
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Energy and Wealth:
An Historical
Perspective

The first five chapters focused mostly on economics, that is, the
procedures by which we study our economies. It included
reviews of the main ways we use today and in the past, and
critiques of the dominant forms today. It offered an alternative
perspective based on including natural as well as social sciences
in the consideration of economics. The next three chapters focus
more on the economies themselves, including their historical and
biophysical basis. We believe that these reviews reinforce the
virtues of using a biophysical approach to understanding real
economies.
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The first four chapters focused mostly on eco-
nomics, that is, the procedures by which we study
our economies. This chapter focuses more about
the economies themselves, including their histor-
ical and biophysical basis.

6.1 The History of Formal

Thought on Surplus Energy

Many natural and social scientists from different
disciplines have thought deeply about the long-
term relation of humans and wealth production.
Many of them have concluded that the best gen-
eral way to think about how societies evolved over
time is from the perspective of surplus energy.
Human history, including contemporary events,
is essentially about exploiting energy and the
technologies to do so. This is not the perspective
taught in our schools, and the role of energy is
essentially missing from our dominant history.
Instead, human history usually is seen in terms of
generals, politicians, and other personalities. But
the options and successes and failures of these
generals, politicians, and others are extremely
dependent upon the energy and other resources
available to them for undertaking whatever they
undertake.

This chapter will develop the alternative per-
spective that the fates of past civilizations and
other events of the past can be better understood
from the perspective of energy availability and in
particular surplus energy. Energy surplus (or net
energy) is defined broadly as the amount of
energy left over after the costs of obtaining the
energy have been accounted for. The energy lit-
erature is quite rich with papers and books that
emphasize the importance of energy surplus as a
necessary criterion for the survival and growth of
many species, including humans and the devel-
opment of science, art, culture, and indeed civili-
zation itself. While each acknowledges that other
issues such as human inventiveness, nutrient
cycling, and entropy (among many others) can
be important, each is also of the opinion that it is
energy itself, and especially surplus energy, that
is key. The issue is not simply whether there is
surplus energy but how much, what kind (qual-
ity), and at what rate it is or was delivered. The
interplay of those three factors determined the
flow of net energy and hence the ability of a given
society, whether modern or ancient, to divert
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attention from growing sufficient food or the
attainment of water toward trade, warfare, or
luxuries, including art and scholarship. Indeed,
humans could not possibly have made it this far
through evolutionary time, or even from one
generation to the next, without there being some
kind of net positive energy, and they could not
have constructed such comprehensive cities and
civilizations or wasted so much in war, without
there being substantial surplus energy in the
past.

6.2 The Prehistory
of Human Society:

Living on Nature’s Terms

Human populations must first feed themselves
and after that generate sufficient net energy to sur-
vive, reproduce, and adapt to changing conditions.
While a moderately small percentage of people in
industrial societies today worry about getting
enough to eat, for many in the less industrialized
global South, getting sufficient food is still a major
concern. The focus on food acquisition has also
occupied much of humanity’s time throughout
history. For at least 98% of the 2 or so million years
that we have been recognizably human, the princi-
pal technology by which we as humans have fed
ourselves has been that of hunting and gathering.
Contemporary hunter-gatherers—such as the
'Kung of the Kalahari Desert in Southern Africa—
probably live as close to the lifestyle of our long-
term ancestors as we will be able to understand.
Studies by anthropologists such as by Lee and
Rapaport confirmed that indeed present-day (or
at least recent) hunter-gatherers and shifting culti-
vators acted in ways that appeared to maximize
their own energy return on investment.

Richard Lee studied the energetics of the
'Kung while they were relatively unaffected by
modern civilization [1]. A charming, although
romanticized, view of their culture is readily
accessible in the movie “The Gods Must be Crazy.”
Life for a hunter-gatherer is basically about taking
nature as it is found and finding ways to survive
on those resources. The key challenge was gaining
the needed food energy. For the !Kung, this was
undertaken by women gathering mongongo nuts
and men hunting antelope and other animals.
Mongongo nuts are the most abundant resource
that provides the largest part of the energy and
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O Fig. 6.1 !Kung people,
modern-day hunter-
gatherers, probably
represent how all of our
ancestors lived their lives
for far more time than even
the time since the start of
agriculture (Source: Science
Magazine)

O Fig.6.2 Map of the 0 5 10
various.waterholes in the Miles
Kalahari desert that

the!Kung migrate fromand ~ SOUTHWEST
to over the seasons. The AFRICA

exhaustion of easy food in
the region of one
waterhole necessitates
movement to another
(Source: Lee 1973)
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protein consumed by the !Kung, although game is
very much appreciated and gives needed addi-
tional protein to the diet. Life is good for the
IKung, at least before their major contact with
civilization (@ Fig. 6.1). According to Lee’s stud-
ies, the Kung spent far fewer hours working each
day than do people living in industrial societies; a
lot of their time was spent in leisure activities.
Young women tended to be sexually active (which
was considered normal) from as early as age 9, but
tended not to get pregnant until about age 18,

when they had sequestered enough body fat so
that the pregnancy was possible (i.e., it appears
that the human body protects young women from
pregnancy when they do not have enough energy
surplus to carry a fetus) [2]. Life for the !Kung was
not always simple, however, for they lived in a
desert and were constrained by their need for
water and food. In their homelands of Botswana,
there are only a relatively few waterholes, and it is
essential to set up camp near one of these water-
holes (B Fig. 6.2). Mongongo trees are spread ran-
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B Fig. 6.3 Determinants of IKung EROI. At a distance of
about 11 miles, energy cost increases greatly because an
additional day is needed. When the !Kung have exhausted
the mongongo nuts within 1 day’s walk, they have to
make a substantial investment in walking 2 days to get a
new supply of nuts (Source: Lee 1973)

domly around this part of the Kalahari Desert so
initially the 'Kung can derive all the food they
need from relatively short excursions from their
camp. As time goes on, they deplete the nuts (and
game) within easy reach, so that each day they
must make a longer and longer trip to gather
enough mongongo nuts to feed their families. At
some point, they have gathered all the mongongo
nuts within a day’s hike. Then they must make
much longer, overnight trips to get them. Since
they eat a lot of food both going and coming back,
they consume a substantial portion of the food
they went out to get! This greatly increases their
energy investment and lowers what we call their
energy return on investment or EROI (8 Fig. 6.3;
see » Chap. 13). This makes it desirable at some
point to make the additional investment of mov-
ing to a new waterhole.

According to Lee, the 'Kung lifestyle, under
normal circumstances, generates a quite positive
energy return on investment (i.e., generates a
large surplus) from their desert environment, per-
haps an average of some 10 Kcal returned per one
of their own Kcal invested in hunting and gather-
ing. New studies indicate that hunting may have
an even higher EROI than gathering [2]. In nor-
mal times, these cultures had plenty to eat, and
the people tended to use the surplus time made
available from their relatively high EROI lifestyles
in socializing, childcare, and storytelling. The
downside was that there were periodic tough
times, such as droughts, during which starvation

was a possibility. It is probable that our ancestors
had a fairly positive EROI for much of the time,
although periodic droughts, diseases, and wars
must have occasionally, or perhaps routinely,
taken a large toll. Thus even though the !Kung,
and by implication other hunter-gatherers, had a
relatively high EROI, perhaps 10:1, human popu-
lations tended to be relatively stable over a very
long time, barely growing year to year from mil-
lions of years ago until about 1900. Thus, even this
relatively high energy return was not enough to
generate much in the way of net population
growth over time.

It is increasingly clear that our Stone Age
hunter-gatherer ancestors, as hunter-gatherers
today, tended to be quite good hunters. This hunt-
ing prowess resulted in an enormous environmen-
tal impact on the large birds and mammals of the
earlier world. As humans spread about the world,
they encountered in each new place large, naive
herbivorous animals of the sort we do not see any-
where on Earth today. For example, the new arriv-
als in North America found giant beavers,
rhinoceros, two species of elephants, camels, and
so on. Human arrivals in Australia found giant
flightless birds, while the first humans into Italy
found large turtles no longer extant and so on.
None of these large animals are there today, and
except in Africa, there are few animal species
larger than 100-200 kg left. These large animals
were abundant prior to human arrival (B Table6.1).
(Of course, bison, bears, moose, and elk are large
and still with us, although in greatly reduced
ranges.)

What caused their extinction? There are two
competing hypotheses. First, since the climate
was warming rapidly 10,000 years ago, it is possi-
ble they succumbed to some effect of climate
change. The second hypothesis is that humans
hunted these animals to extinction. These large
animals had no previous reason to be afraid of
anything as small and puny as a human being, or
that humans could simply walk up to these ani-
mals and stick a spear into their side. Africa still
has many, many very large herbivorous species,
probably because the animals coevolved with
humans as they slowly became more proficient
hunters with better weapons. All around the
world where humans came later, most or all the
larger animals disappeared within 2000 years of
human arrival. This certainly supports the idea
that it was humans who did them in [3]. The fact
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B Table 6.1 Megafaunal extinctions
Extinct Living
Africa 7 42
Europe 15 9
North America 33 12
South America 46 12
Australia 19 3

Total % Extinct Landmass (km?)
49 14.3 30.2 x 106

24 60 10.4 x 108

45 73.3 23.7 X 10°

58 79.6 17.8 x 108

22 86.4 7.7 x 10°

Late Quaternary (last 100,000 years) extinct and living genera of terrestrial megafauna >44 kg adult body
weight) of five continents. Adapted after [3]. Data for extinct and living European megafauna from Martin (1984).
For Australia, it may be that as many as eight genera were already extinct before human arrival (Roberts et al.
2001). If so, this reduces both the number and percentage of megafaunal extinctions that could conceivably be

attributed to human activity
Source: Wroe et al. [32]

that these same animal species had survived many
previous climate changes lends support to the
human-caused extinction idea. Thus, significant
environmental impact from humans is hardly
new.

6.2.1 African Origin and
Human Migrations

All available evidence suggests that humans and
their predecessors evolved in Africa, which is the
only place we have found human fossils or evi-
dence dating to roughly 1.7-1.8 million years ago
[4]. Take a mental time trip to East Africa about 2
or 2.5 million years ago. You would be in the cra-
dle of the evolution and development of all that
makes us human. Remarkably you would find not
one but perhaps half a dozen types of early
humans (or hominids), each group as distinct
from one another as chimpanzees from gorillas.
Most of these protohominids were found in small
migratory bands at the transition of forests to
drier savannas. We continue to learn more about
our ancestors. The finding in the 1990s of the fos-
sils of what appears to be the ancestor of humans
that lived some 4-6 million years ago is cause for
great excitement among those who are determin-
ing our lineage. This creature, named Ardipithecus
ramidus (Ardi for short), walked upright but still
spent much, perhaps the majority, of its time in
trees (@ Fig. 6.4). There was strong natural selec-
tion for developing hands with opposable thumbs

that could grasp branches more firmly than with
all digits on one side, preadapting humans for our
present hands, very useful for the coming agricul-
tural and industrial environments as well as such
amenities as musical instruments.

Recent research has found that a human uses
only about one quarter as much energy to walk
100 m as a same-sized chimpanzee, so there obvi-
ously has been a tradeoff favoring more energy-
efficient walking over the ability to both walk and
climb trees well, as Chimpanzees can. Probably
most of the Ardis made, or at least used, tools of
some sort, for we understand now that even chim-
panzees have a rather astonishing ability to make
many different types of tools, including stone
anvils. Most of their tools were made from organic
materials and hence are not well preserved, so we
know little about the past of tool making of either
chimps or protohominids. By about 2.5 million
years ago, our ancestors had developed quite
sophisticated methods for making stone knives
and spear points by striking or stroking one rock
on another in repeated and often sophisticated
patterns. There are even a number of ancient
“industrial complexes” in, for example, Kenya’s
Olduvai Gorge, a rich hunting ground for infor-
mation about our ancestors (8 Fig. 6.5). Spear
points and knife blades are actually energy tech-
nologies—energy (force)-concentrating devices
that allow the strength of a human arm to be
multiplied many times when concentrated on a
line or point (B Fig. 6.6). This allowed humans to
exploit many new animal resources and eventually
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O Fig. 6.4 Ardi, Ardipithecus ramidus, is a new found fossil that is neither man nor ape but probably represents our
human ancestors some 4 million years ago (Source: Science Magazine, Jay Matternes)

O Fig. 6.5 Olduvai Gorge (from Shunya website). Many very early human remains have been found here as well as
early “industrial” sites, where stone tools were manufactured
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the colonization of cooler lands. Our ancestors
were using stone tools for roughly two and a half
million years, which is equivalent to about 100,000
human generations.

These stone spear points and knife blades were
more or less the first in a long series of technological
advances that helped increase the flow of energy to
humans, thus greatly expanding the ability of
humans to exploit the energy available in the vari-
ous plant and animal resources in their environ-
ment. It also greatly increased the climates in which
they could live because of their ability to kill large
animals and use their skins for clothes (8 Fig. 6.7).
Another important new energy technology was fire,

-
-

HUMAN
HOMELANI

Arctic Ocean

which allowed people to stay warm in cooler cli-
mates but more importantly increased the variabil-
ity and utility of plant foods, as cooking broke down
the tough cell walls that plant (but not animal) cells
have. Many humans left the relatively benign cli-
mate of Africa probably a little less than 2 million
years ago. The remains of both humans and their
tools of that era have been found in present-day
Middle East, Georgia, and Indonesia [5]. By a mil-
lion years ago, human remains were common all
through Asia, but curiously humans did not appear
to colonize Europe until roughly 500-800 thousand
years ago. The first humanoid colonists of Europe
do not appear to be our direct ancestors, for mor-
phologically modern humans (popularly known as
“Cro-Magnons” as distinct from the earlier
“Neanderthal” stocks) appear to have left Africaina
separate migration only about 100,000 years ago.
There are very strong debates in the anthropological
literature as to whether all of these groups of people
are our ancestors or just the “Cro-Magnon” variety
of a large suite of early humans. Modern DNA anal-
ysis seems to favor the separate stock concept with
some mixing that ended 35,000-40,000 years ago,
leaving, it seems as of 2015, a few of their genes
mixed with those of Cro-Magnon stock.

One of the many changes that took place as
humans moved out of Africa was that humans
tended to lose their melanin, a protective pigment
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@ Fig. 6.7 Human migration patterns. All humans originated in Africa but then took various routes to establish new

groups of people
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that helped people living in Africa avoid various
skin diseases such as skin cancer. When humans
were exposed to much less sun for long winter
periods, while in the meantime covering their
skins with animal hides, they did not get the ben-
efit of the sun producing vitamin D within human
skin. This made humans much more susceptible
to rickets, a debilitating vitamin deficiency disease
that results in easily broken bones, obviously a
great problem for hunter-gatherers. Since the dark
pigment melanin protects the skin, but also
decreases its ability to make vitamin D, darker
skin is less advantageous in areas with less year-
round intense sun. Hence skin color, something of
often egregiously misplaced cultural importance,
is simply a reasonable evolutionary response to
humans leaving or not leaving the tropics.

6.2.2 The Dawn of Agriculture:
Increasing the Displacement
of Natural Flows of Energy

Sometime about 10,000 years ago, in the vicinity
of the Tigris and Euphrates river valleys of
present-day Iraq, a momentous thing happened
[6, 7]. Humans previously had been completely
constrained by their limited ability to exploit
entirely natural food chains, due to the low abun-
dance of edible plants there. They found that they
could increase the flow of food energy to them-
selves and their families enormously by investing
some seeds into more food for the future. How
this happened is lost to antiquity, but as described
by Jared Diamond in “Guns, Germs and Steel,” [8]
it probably happened as people observed that
their own kitchen middens (garbage areas) pro-
duced new crop plants from the seeds that had
been deliberately or inadvertently discarded. This
caused hunters and gatherers to experiment agri-
culturally, and as the climate warmed, more of the
experiments were successful.

The implications for humans were staggering.
The first, seemingly counterintuitive, is that human
nutrition, on the average, declined. One of the best
studies to document this was by Larry Angel, who
studied the bones of people buried over the past 10
thousand or so years in Anatolia, roughly the border
region of modern-day Turkey and Greece [9]. Angel
dated the bones he found in ancient burial grounds
and could learn many things about the people who
once lived there from the bones themselves. For
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example, their height and general physical condi-
tion, as well as functions of the quality of nutrition,
could be determined by the length and strength of
the bones. Bones could also show the number of
children a woman had by the scars on the pubis,
whether that person had malaria by the appearance
of the bone marrow-producing regions of the bone,
and so on. The data indicate that the people became
shorter and smaller with the advent of agriculture,
indicating a decrease in nutritional quality. In fact,
the people of that region did not regain the stature of
their hunter-gatherer ancestors until about the
1950s. Although agriculture may have given the first
agronomists an advantage in terms of their own
energy budgets, that surplus energy was translated
relatively quickly into more people with only an
adequate level of nutrition as human populations
expanded. Or perhaps, as outlined below, more of
the farmers net yield was diverted to artisans,
priests, political leaders, and war, leaving less for the
farmers themselves. One of the clear consequences
of agriculture was that people could settle in one
place, so that the previous normal pattern of human
nomadism was no longer the norm. As humans
occupied the same place for longer periods of time,
it began to make sense to invest their own energy
into relatively permanent dwellings, often made of
stone and wood, in which to store the surplus. This
left more durable artifacts for today’s archeologists.
A second major consequence of agriculture
was an enormous increase in social stratification as
economic specialization became more and more
important. For example, if one individual was par-
ticularly skilled at making agricultural implements
or understood the logic and mathematics (i.e., best
planting dates) of successful farming, it made
sense for the farmers of the village to trade some of
their grain for his implements or knowledge, initi-
ating, or at least formalizing, the existence of mar-
kets. From an energy perspective, relatively
low-quality (because so many people had the nec-
essary skills) agricultural labor was being traded
for the high-quality labor of the specialist. The
work of the specialist can be considered of higher
quality in terms of its ability to generate greater
agricultural yield per hour of labor. Considerable
energy had to be invested in training that individ-
ual through schooling and apprenticeship. The
apprentice had to be fed while he or she was rela-
tively unproductive, anticipating greater returns in
the future. Thus, we can say that the energy return
on investment (EROI) of the artisan was higher
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O Fig. 6.8 Origins of early
agriculture (Source: Wroe
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than that of the farmer, even if less direct, and
often his pay and status as well. High agricultural
yield led to surpluses that could be stored, leading
to the concentration of political power by those
who built and controlled the granaries.
Eventually, the concept of agriculture spread
around Eurasia and Africa (B Fig. 6.8). A new
phenomenon appeared with the development of
agriculture, the large net surpluses from the farm-
ers and the permanent settlement of certain
regions: cities and other manifestations of urban-
ization. The first place this occurred appears to be
in the Tigris and Euphrates valleys, and one of the
first cities was known as Ur, from which we derive
the word urban. Today we call that ancient civili-
zation Sumer and the people Sumerians. There
were many great cities of that time (roughly
4700 years ago) and region, including Girsu,
Lagash, Larsa, Mari, Terqa, Ur, and Uruk. These
cities grew up in what had been at first a heavily
forested region, as can be understood from the
massive timbers in remaining ruins, although
today there are essentially no trees and no cities in
that region. In fact, the forests were gone by
2400 B.C., the harbors and irrigation systems
silted in or required increasing amounts of work to
maintain, the soil became depleted and salinized,
barley yield dropped from about 2.5 tons per hect-
are to less than one, and by 2000 B.C., the Sumerian
civilization was no longer extant. The world’s first
great urban civilization, in fact its first great civili-
zation, used up and destroyed its resource base
and just disappeared over a span of 1300 years.
The interaction of people with cultivars
(plants that humans cultivate) also changed
greatly the plants themselves. All plants are in
constant danger of being consumed by herbi-
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vores, from bacteria to insects to large grazing or
browsing mammals or, formerly, herbivorous
dinosaurs. The evolutionary response of plants to
this grazing pressure was to derive various
defenses, including physical protection (such as
spines, especially abundant in desert plants) and
more commonly chemical protection in the form
of alkaloids, turpenes, tannins, and so on. These
compounds, usually derived at an energy cost to
the plant, place a heavy burden on herbivores or
potential herbivores by discouraging consump-
tion or by extracting a high energy cost on those
specialized herbivores that can eat them, for the
energy cost of detoxifying poisonous compounds
is very high [13, 14]. Humans do not like these
frequently bitter, poisonous compounds either
and for thousands of years have been saving and
planting the seeds from plants that taste better or
have other characteristics that humans like.
Partial exceptions are, e.g., mustards, coffee, tea,
cannabis, and other plants whose bitter alkaloids
are poisonous if that was all we ate but an inter-
esting dietary supplement in small doses.
Consequently, our cultivars are, in general, quite
poorly defended against insects and have led to
the invention and use of external pesticides, with
complex consequences. Many of our cultivars
would not survive in the wild now and have
coevolved with humans into systems of mutual
dependency. A visitor from outer space might
conclude that the humans have been captured by
the corn plants who use us for their slaves to
make their lives as comfortable and productive as
possible! Meanwhile all kinds of pests were
themselves adapting to the concentration of
humans and their growing and stored food, often
with disastrous impacts on humanity [15]. For
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O Fig. 6.9 Early metallurgy (Source: National Geographic)

example, crowding is a major factor in the trans-
mission of diseases with epidemic potential such
as acute respiratory infections, meningitis,
typhus, cholera, and scabies.

At roughly the same time that agriculture
was spreading around the world, humans made
another extremely important discovery: metal-
lurgy. Prior to the advent of metallurgy, essen-
tially all tools used by humans were derived
directly from nature: stone, going back perhaps
50,000 years (B Fig. 6.6) fashioned with increas-
ing sophistication, wood, bones, antlers, and so
on. According to Ponting [16], the first evidence
of the smelting of copper is found in Anatolia in
about 6000 B.C.E., although the near contempo-
raneous existence of residuals of smelting from
all continents at only slightly later in time implies
that probably many groups of people had roughly
the same idea by about 5000 B.C.E. (B Fig. 6.9).

Eventually very specialized furnaces were devel-
oped, as is indicated by archeological digs from 5
to even 10 thousand years ago in Africa, Europe,
South America, and Asia. Early copper and
bronze tools were replaced over time with iron as
people learned to make hotter fires using char-
coal. We have been using metal tools for roughly
8000 years, or about 400 generations. So, most of
our history as a species is without metal tools.
An important component of the transition is
that the stone tools could be made with only a
very small energy investment, essentially all as
human muscle power, whereas the metal tools
required a much larger investment in terms of
cutting trees, making charcoal, and of course the
energy of the wood itself. Early smelting was
probably technically inefficient but had the
advantage, at least initially, of the availability of
very high grades of ore.
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Smelted metals had many advantages com-
pared to materials derived directly from nature:
metals were harder and could take a sharper
edge, increasing the cutting work that could be
done by human muscles, and the sharper knife
blades and spear points concentrated energy
onto a smaller surface and enhanced the process
of humans exploiting nature, for example, by
accelerating the rate that people could cut trees
(and of course each other) with bronze vs. stone
axes. Perlin [10] has chronicled the tremendous
increase in human cutting of forests in a wonder-
ful book “A Forest Journey” He makes the point
in this book that massive deforestation is an old
phenomenon and that India, China, and most of
the Mediterranean were pretty thoroughly defor-
ested by the time of Christ. In most cases, the
most severe deforestation was to get fuel for met-
allurgy.

The scenario often went something like this
(with Crete as a good example). A group of people
would find and develop a rich ore deposit of, for
example, copper. This metal would be very valu-
able in trade and the people would become pros-
perous. Cutting of trees for smelting also cleared
land for agriculture, and the wealth and well-being
of the people increased not only from the trade in
metals but also from the substantial increase in
the area under agriculture in the rich forest soils
where the trees had been cut. Things would tend
to go very well for roughly a century. But once rich
forest soils were exposed to agriculture and rain,
they would tend to erode, and the agricultural
yields would decline. That civilization would
decline as ore deposits and soils wore out, until
they collapsed: meaning that the number of peo-
ple being supported decreased dramatically.
According to Perlin (and many others [10, 12,
16, 17]) this process has occurred again and again
and again throughout history. India and Greece
have had three separate major deforestations, with
the forests growing back each time human popu-
lations became lower. The great works of litera-
ture, for example, Thucydides The Peloponneisan
Wars, were written about events enormously
impacted by large resource and environmental
events (i.e., the exhaustion of sufficient forests for
Athenians to smelt silver or make ships) although
such resource issues were rarely considered by
historians until recently [10].

B Table 6.2 Evolution of power outputs of
machines available to humans

Machine Horsepower

Man pushing a lever 0.05

Ox pulling a load 0.5

Water wheels 0.5-5
Versailles water works (1600) 75
Newcomen steam engine 55
Watt's steam engine 40
Marine steam engine (1850) 1000
Marine steam engine (1900) 8000
Steam turbine (1940s) 300,000
Coal or nuclear power plant (1970s) 1,500,000

*Cook, E. 1976. Man, Energy, Society, W. H. Freeman

Other important energy-related events were
occurring in these prehistorical times. Perhaps
most important was the domestication of useful
animals, some of which predated agriculture,
while some occurred simultaneously. The domes-
tication of animals and the increased sophistica-
tion of animal husbandry were important in
increasing energy resources for humans in at least
two ways. First, since these animals ate plant mate-
rial that humans did not, this greatly increased the
amount of energy that humans could harvest from
nature, especially in grasslands. Second, oxen and
especially horses as draft animals greatly increased
the power output of a human (8 Table 6.2). This
power was useful for transport, for agricultural
preparation (which came later), and for war. A
horse, however, did not necessarily increase the
speed of communications because over a day, a fit
human can outrun a horse!

The story of how the use of animal technology
was passed throughout Eurasia has been devel-
oped elegantly by Diamond [8]. Most of the
important domestic animals came from Eurasia
and could thrive more easily at the same latitude.
Our most important animals, the sheep, cow,
horse, pig, and chicken, were “corralled” in Eurasia
and developed into today’s domestic animals. The
increasing familiarity with beasts of burden and
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the development of roads and caravan technology
in turn allowed for the development of long-dis-
tance trade [11]. Meanwhile, sailing and naviga-
tional skills were developed and passed on, and
Cottrell writes well about the importance of using
wind power in ships to greatly enhance the amount
of work (carrying goods) that one person could do.
Trade between cultures enriched the knowledge
and the biotic resources of many human groups.
As agriculture, settlement, and commerce
expanded, there became a greater need for maintain-
ing records, and some time about 3000 B.C., formal
writing was developed, apparently simultaneously in
Egypt, Mesopotamia, and India (and perhaps other
places). Writing allowed for technologies to be main-
tained from one generation to another and trans-
ferred among cultures. Cumulatively, these new
technologies increased the energy flow to the human
population, which slowly but relentlessly increased.
These old records have allowed us to estimate some
earlier patterns of human population changes
(B Fig. 6.10). They suggest that the human popula-
tion record is hardly one of the continuous regular
growths but rather one of the periodic growth and
decline. Sometimes this is manifested as catastrophic
decline and the virtual or absolute cessation of that
population or, more commonly, the political struc-
ture that once held them together. Edward Deevy
[18] has suggested that there were three main
increases in human populations associated with first
the corralling of animals, then the development of
agriculture, and then the industrial revolution. We
are still experiencing the latter as global human
population growth continues strongly, although at a
somewhat lower rate than a few decades ago.

6.2.3 Human Cultural Evolution
as Energy Evolution

As we keep pointing out, most of the major changes
that occurred in the ability of humans to exploit
more and more of the resources around them were
either directly about or clearly associated with
increased use of energy. Spear points and knives
are energy-concentrating devices, fire allows
greater availability of plant energy to humans, agri-
culture greatly increases the productivity of land
for human food, and so on. These evolutions of the
ability of humans to control more and more energy,
for example, the evolution of wind and water
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power, are probably best told in Fred Cottrell’s
wonderful book Energy and Society, published
more than half a century ago [19]. Cottrell was a
railroad man for most of his life and then a college
professor near the end. Always impressed, like us,
with the energy that undergirds all that humans
do, Cottrell’s focus was on the development of what
he called “converters,” which are specific technolo-
gies for exploiting new energy resources.

Cottrell’s early chapters focus on herding and
agriculture as a means of exploiting biotic energy
and then on water and wind power. He shows the
historical importance of a city being located rela-
tively downstream on a river, so that the natural
flow of the water would allow that city to exploit
easily all upstream resources, such as timber, agri-
cultural products, game, and ores. Of course,
there was always a problem with this: barges had a
one-way trip so it had to build a new barge at the
top of the watershed for each new trip. Also, crews
had to walk or otherwise get themselves back
upstream. Nevertheless, a barge could carry a
much larger load compared to a single individual,
who can carry only about 25 kg at a maximum for
any serious distance, or a pack animal such as a
horse that can carry about 100 kg. Thus, the use of
a barge carrying, say, 10 tons of goods and with a
crew of four increased the efficacy of each person
by a factor of 25-100. This process continued well
into the nineteenth century on the Mississippi
River until the age of steamboats. Raftsmen sim-
ply broke up the rafts and barges for lumber at the
end of the journey (Taylor [33]).

The development of a sailing ship likewise
increased the energy that subsidized a human por-
ter enormously. According to Cottrell’s calculations,
an early sailing ship such as used by the Phoenicians
(more or less the equivalent of modern-day
Lebanon) increased the load that a human could
carry by some factors of 10 and by late Roman times
as much as a factor of 100. The Romans needed to
import large quantities of grain from Egypt because,
in part, they had depleted their own soil. But,
according to Cottrell, the Romans were not the only
ones who had an eye on this grain, and initially the
Romans lost a lot of grain to pirates. This required
the Romans to transport the grain in heavily
guarded narrow warships, and a significant part of
the grain was consumed by the soldiers on board.
Thus, one further energy investment had to be
made by the Romans—clearing the Mediterranean
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of pirates. Once this was done, proper wide-beamed
sailing merchant vessels could be used, and Egypt
finally became a large net energy source for the
Romans. Cottrell gives many other examples of the

increasing use of energy by humans over time,
including very interesting chapters on the growth of
railroads in England, steam power, and industrial-
ized agriculture.
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O Fig. 6.11

Ruins of ancient city of Ur

6.2.4 The Possibility, Development,
and Destruction of Empire

Agriculture and its greatly increased yield brought
with it the possibility of the concentration and
storage of food, specialization, and, through
greater populations, military-political power.
These concepts are again ably reviewed in
Diamond, Tainter, Ponting, and others. From our
energy perspective, agriculture allowed for huge
energy surpluses as a result of high return ratios
(EROIs) from large energy investments. Thus,
agriculture allowed a massive increase in the abil-
ity of people to generate culture and cultural arti-
facts. We have bare glimpses of these in the
remaining artifacts of ancient cultures such as the
main building at Ur (8 Fig. 6.11), temple com-
plexes, and the great wall of China. What we see
of these ancient civilizations today are beautifully
shaped and carefully put together stones, and, as
we dig more carefully, more sophisticated orna-
mentation, pottery, and metal household imple-
ments. By digging a little deeper, we can find other
impressive artifacts of past civilizations: irrigation
systems to bring water over large distances and
large pyramids of stacked stones. These artifacts
imply huge energy surpluses relative to hunter-
gatherers, probably much of its vast public works
programs to keep farmers occupied during non-
planting or harvesting seasons.

In hunter-gatherer cultures, there was nor-
mally relatively little differentiation in what differ-
ent people did, except for divisions by sex and age.
Agricultural surpluses allowed a greater division
of labor and with it a greater difference in wages,
status, and social power. This division of labor led
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in time to extreme differences in political power.
This power was enhanced as professional military
men became increasingly common, exemplified in
the ancient Assyrian cultures. Most people had
very little status or wealth and tilled the soil or
took care of domestic matters. Only a very small
proportion, large land owners, merchants, techno-
crats, and political leaders, lived lives of increasing
affluence and luxury. Over time, the difference
between rich and poor increased drastically.

As the concentration of wealth and power
increased, as central granaries became more
important and as military power and war became
increasingly institutionalized, there were increas-
ing opportunities for the development of empire.
An empire is defined as large geographic areas
under the rule of a central place and chief and
maintained through what we might call civil ser-
vants or bureaucrats (although “lieutenants” are
probably more accurate). Tainter and others [12]
have developed the concept of a pattern that they
believe has occurred again and again through
history. One city or local culture becomes very
successful through effective agriculture, mining,
or trade and the resultant growth in population
and economy. Often it becomes increasingly
wealthy, allowing it the surplus energy to support
soldiers and expropriate larger and larger areas of
land around its periphery while exploiting the
subjugated people’s energy surplus. Since war is
expensive, it becomes increasingly important for
the central city to impress others with their
wealth, a sign of surplus energy available to be
used, potentially, against others. Therefore, huge
public investments are made in public structures,
temples, administrative centers, markets, roads,
food storage facilities, and so on. If they are suc-
cessful, outsiders decide it makes sense to become
aligned with this most powerful culture, even at
the expense of tribute in the form of agricultural
products, precious metals, or other materials.
Thus, the culture expands, often many times over.

At some point, the culture, through its growth,
begins to exhaust the initial resources that made it
rich. Another problem is that as cultures increased
in linear dimensions, the energy cost of moving
resources (e.g., taxation grains) to the central city
became greater and greater. If the provinces sensed
difficulties in the central city, they might become a
bit more restless, requiring increasing investments
in military forces or status symbols in the central
city. According to Tainter, eventually the citizens of
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both the central city and the provinces become
tired of paying the high taxes for what is mostly
“maintenance metabolism,” that is, the food, roads,
and armies needed to maintain the central city.
Due to diminished revenues, the physical and
social infrastructure is not maintained, leading to
the collapse of the empire. Tainter, an archeologist,
ecologist, and historian, says that this has occurred
repeatedly (he gives more than 20 examples in his
first chapter) through prehistory and history.
Ponting develops a similar scenario in many
detailed examples and with a bit more emphasis on
resource depletion, as does Charles Redman.

6.3 Mediterranean Cultures

There are some quite detailed assessments of the
rise and collapse of earlier civilizations from the
perspective of the energy and other resources
required for development and maintenance.
Mediterranean cultures are a good place to start
thinking about these questions for a number of
reasons. First, many of the most important ideas
for the contemporary world, including democracy
as a form of government, mathematics as we know
it, and concepts in art and culture, originated in
this region. Second, the Mediterranean world
offers a well-documented, well-studied suite of
examples for us to explore and to understand the
importance of energy and other resources in help-
ing to shape the events that many of us recognize
from traditional historical accounts. Third, this
region remains today a vibrant and sometimes
contentious region with many issues going way
back in time. Many of the readers of this book will
have been educated on the history of the region,
which allows us an opportunity to examine famil-
iar territory through our different lens of energy-
based analysis.

6.3.1 Greece

Contemporary Western democracies usually trace
their ancestry back to ancient Athens and neigh-
boring cities in what is now Greece. Twenty-five
hundred years ago, these were vibrant, dynamic,
frequently wealthy cities with some truly remark-
able accomplishments, including defeating signifi-
cantly larger Persian forces and producing some of
humanities’ still greatest architecture, sculpture,
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literature, and ideas about government. Athens
and its sister city-states were also venal, domineer-
ing, and frequently squabbling cultures, squander-
ing remarkable opportunities for “the good life” on
pointless wars. The most important city-states
were Athens and Sparta. Today we remember
Athens as an incredible caldron of art, ideas, and
famous men and Sparta as a culture completely
dominated by preparing its young men for war
(hence, “Spartan conditions” is a term used today
for harsh, uncomfortable, and arduous condi-
tions). Athens too was a militaristic and imperialist
culture and excelled in maritime combat. Athens
and Sparta lived for many years in an uneasy truce
which eventually ended in distrust and shifting
alliances. From 431 to 404 B.C.E,, these states and
their allies initiated more than 25 years of intense
combat that has been elegantly told by Thucydides
[20]. Thucydides was once one of Athens’ generals,
but the price of losing even one battle in Athens,
which had happened to Thucydides, was dismissal
from the army. This gave him the time to write a
comprehensive history (The Peloponnesian Wars, a
classic of history) of what ensued during this war,
which was a stalemate for decades.

One interesting energy-related analysis of the
Peloponnesian Wars, from which the following is
borrowed, is found in Perlin’s book A Forest
Journey. Perlin surveys the Peloponnesian Wars
from the perspective of the forests and forest-
derived energy required for the military activity
and generation of the wealth required to finance
the war. Anyone visiting Greece today is impressed
by the nearly total absence of extensive and robust
forests, so that it is quite curious to think of Greece
and its southern part, the Peloponnesian penin-
sula, as heavily forested. Plato, as late as the sixth
century B.C., remarked that not long before his
own time, the hills surrounding Athens provided
the huge building timbers he could still see in the
buildings of Athens and that these hills even con-
tained forest-dwelling wolves that were a threat to
livestock. Perlin believes that these abundant for-
ests probably saved Greece from Persian domina-
tion as they provided timber to construct the
Athenian fleet that defeated the Persian monarch
Xerxes at Salamis. This was followed by the con-
struction of an even larger 200 ship navy so that
ambitious Athens could become the mightiest
marine force in Greece. The Athenians were run-
ning into timber shortages, however, because of
intense demand for fuel and construction wood
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in the city (including for immense wooden cranes
to build the Parthenon) and because of an
immense vein of galena ore that had been discov-
ered in the nearby town of Laurion. The ore could
be smelted using charcoal as an energy source to
produce silver, which was then spent on the new
fleet, public works such as the Parthenon, and
personal luxuries. While this immense ore deposit
made Athens extremely wealthy and powerful, it
was at the expense of many of the forests of the
region. This became a large problem because the
Persians still controlled the timber supply regions
to the east and north, including especially the
Strymon valley. Ten thousand Athenians sent to
colonize the mouth of that river, to insure a tim-
ber supply for Athens, were slaughtered by the
locals. A second invasion was somewhat more
successful resulting in the capture, at least for sev-
eral years, of the port city of Amphipolis. When
that city was lost later, (this was the battle
Thucydides lost) Athens struggled for timber
throughout the ensuing decades and centuries.

The Peloponnesian War that followed was
principally between Athens and Sparta but also
included other Greek city-states. It was ruinous to
all the participants. Due to wood being used for
all instruments and means of war, it depleted the
remaining forests of southern Greece and then
consequently soil eroded. The war spread even to
Sicily, which the Atheniansattacked unsuccessfully
in a vain attempt to seize the forests to build a
giant armada. In the meantime, Sparta had seized
the forest reserves on the peninsula that belonged
to Athens and other states. Sparta then turned to
Macedonia, made a new alliance, and built a new
fleet. Meanwhile, plague had entered Athens,
greatly decreasing their number of soldiers. The
Spartans made an alliance with their former
Persian enemies and constructed a new fleet from
Persian forests. They caught the Athenian fleet on
shore with their crews foraging for dinner, and
Athens was finally and permanently defeated,
leaving the city destitute and without fuel or too
much in the way of food. Thus, although we learn
of the war in terms of battles, generals, and so on,
much of the background was about energy (to
smelt silver to pay the armies and for obtaining
timber and metal for weapons and armor) and
other resources (e.g., wood for ships), the deple-
tion of which contributed to the eventual out-
come. The golden age of Athens was over, as was
the city’s contribution to our present culture.
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O Fig.6.12 Maximum extent of Roman Empire (Source:
Tylecote [35])

6.3.2 Rome

Rome, founded in about 750 B.C.E (according to
myth by the abandoned twins Romulus and
Remus, who were supposedly nurtured by a
female wolf), was initially a group of neighboring
hill towns that increasingly became incorporated
into a city. Rome kept expanding through trade
and military conquest until it comprised much of
the world known to Romans. The Romans learned
early on that wealth could be gained much more
easily through conquest and subsequent taxation
than through other means and thus kept expand-
ing its boundaries. Subjugation and taxation were
of course not especially popular among those sub-
jugated, but the Pax Romana (Roman peace)
imposed by the strong Roman military force actu-
ally decreased local conflict for many. The city was
ruled by a series of kings until about 400 B.C.E,
when it was changed to a Republic ruled princi-
pally by a senate of patricians.

The Roman Empire lasted 500 years from
roughly 44 B.C.E, when Julius Caesar appointed
himself emperor, to 476 C.E., although the east-
ern portion at Constantinople lasted for
1000 years more. The Empire reached its maxi-
mum extent about 117 C.E., when it encom-
passed essentially all areas around the
Mediterranean, including all or most of the pres-
ent countries of Italy, France, Spain, England,
Greece, and Egypt, as well as the North African
coast, Syria, the Middle East, and the regions
around the Black Sea (8 Fig. 6.12). Rome had at
its height about 1,000,000 people (of which only
about 10% were citizens), and the entire Empire
contained as many as 70,000,000 people. This
Empire was carved out, maintained, and gov-
erned essentially by human energy—by citizen
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soldiers on foot who traveled on campaigns each
year, utilizing wonderfully engineered stone
roads that spread throughout the Empire (hence
“all roads lead to Rome”), although ships were
used over the Mediterranean itself. Imperial
Rome was probably the most populous city in the
world until the eighteenth century. The task of
feeding roughly 1,000,000 people was a great
undertaking, especially following the passage of a
law that guaranteed free grain to Roman citizens.
The Roman invasion and subjugation of Egypt
were not simply about Caesar’s lust for Cleopatra
but also about shoring up Roman food supplies
after the soils of Italy had been depleted by
Roman farmers. Fortunately for the Egyptians,
and for the Romans, the annual flooding of the
Nile replenished the Egyptian soils. This occurred
every year until the closing of the Aswan Dam in
the 1960s. The concentration of artisans in Rome,
and the Pax Romana that existed within the
Empire, brought unprecedented economic pros-
perity to many, many people, while Roman engi-
neering and architecture (borrowed heavily from
the Greeks and others) generated massive and
often wonderful public works throughout the
Empire. Swamps were drained, creating new
agricultural land and ending malaria. While
Rome is mostly thought about as a militaristic
imperial force, and it certainly was, day-to-day
life and influence were probably more a function
of extensive and very effective trade, engineering,
and agriculture.

Although Roman emperors were often venal,
cruel, and corrupt, the best of them espoused very
noble ideas about civilization and citizenship.
There were a succession of good and bad emper-
ors and other leaders, often representing different
classes of people. For example, Julius Caesar
although an aristocrat by birth, represented espe-
cially the interests of the common citizen class,
although those who killed him also claimed to
represent more the interests of the general Roman
citizen. Either way, like the period when Athens
was at its height, this was a remarkable period for
civilization. Some of the leaders, including Marcus
Aurelius, appear in history’s lens as quite enlight-
ened. Edward Gibbon, the eighteenth-century
historian who wrote Decline and Fall of the Roman
Empire, described the period best or at least most
eloquently [21]. Gibbon believed that Rome in the
second century might have been the greatest time
of all for humanity.
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» Inthe second century of the Christian Era, the
empire of Rome comprehended the fairest part
of the earth, and the most civilized portion of
mankind. The frontiers of that extensive
monarchy were guarded by ancient renown
and disciplined valor. The gentle but powerful
influence of laws and manners had gradually
cemented the union of the provinces. Their
peaceful inhabitants enjoyed and abused the
advantages of wealth and luxury. The image of
a free constitution was preserved with decent
reverence: The Roman senate appeared to
possess the sovereign authority, and devolved
on the emperors all the executive powers of
government. During a happy period of more
than fourscore years, the public administration
was conducted by the virtue and abilities of
Nerva, Trajan, Hadrian, and the two Antonines.

» If a man were called to fix the period in the
history of the world, during which the
condition of the human race was most happy
and prosperous, he would, without
hesitation, name that which elapsed from the
death of Domitian to the accession of
Commodus. The vast extent of the Roman
empire was governed by absolute power,
under the guidance of virtue and wisdom.
The armies were restrained by the firm but
gentle hand of four successive emperors,
whose characters and authority commanded
involuntary respect. The forms of the civil
administration were carefully preserved by
Nerva, Trajan, Hadrian, and the Antonines,
who delighted in the image of liberty, and
were pleased with considering themselves as
the accountable ministers of the laws. Such
princes deserved the honor of restoring the
republic, had the Romans of their days been
capable of enjoying a rational freedom.

Nevertheless, there were always economic
troubles, generally related to natural resources,
including grain and wood, and the failure to
maintain the solar-based systems that generated
them. The general consumption of the Romans
always exceeded the revenues. Common and nec-
essary raw materials, such as wood, became more
and more difficult to obtain as forests increasingly
far from Rome were cut and turned to agricultural
land, whose productivity tended to decrease over
time. To meet its expenses, the government
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increasingly debased the gold and silver currency,
causing extreme inflation, a fascinating story told
in detail by Walker [22]. The Roman denarius was
adulterated from being 98% silver in 63 C.E. to
zero percent (i.e., all copper or other such metals)
by 270 C.E. as the main silver mines at, for exam-
ple, Rio Tinto, were depleted. As the denarius was
adulterated, its purchasing power decreased pro-
portionally.

Lead may have had an impact too, as the bones
of ancient Romans have very high levels of lead,
probably reflecting its use in pipes and in wine
making. Nevertheless, it is quite remarkable what
humans can do based on essentially solar energy
plus their own (or slave) muscle power alone.
Perhaps it is better to conclude that the energy
that built and maintained Rome was hardly the
muscle power of Romans and the agriculture of
Italy but rather that of the millions of subjugated
people in the provinces (and their land) who grew
the necessary grain and cut the necessary wood to
maintain the level of concentrated wealth in
Rome. Perlin calculates that to run the baths at
Caracalla for 1 year, 114 million tons of wood was
required, a truly prodigious quantity that had to
be transported from tens to hundreds of miles by
human or horse power.

Over time, the Romans “became soft,” hiring
or forcing others to do their military service and
grow their food. Vast expenditures went into
public buildings and sports (if that word can be
used) complexes, the most important of which is
the Coliseum, where thousands of exotic ani-
mals were brought in and put into combat with
slaves. They even staged naval battles in the
Coliseum by flooding the interior with water.
Clearly Hollywood has had its precedents. But
by 200 C.E., the Empire began to be nibbled
away by soil erosion, plagues, crop failures, and
the Germans and Asians who desired the wealth
that was within. Ultimately the city itself was
successfully stormed by the Goths, Visigoths,
and Vandals, with the full fall generally agreed to
be in 476 C.E. Of course, Rome, the city, is still
there, with many artifacts from earlier times,
although it is hardly the center of an empire.

The most interesting and, from our perspective,
insightful analysis of the decline and fall of Rome
(other than Gibbon’s monumental books) is that of
Joseph Tainter [12], who examined the entire pro-
cess from the perspectives of the energy cost and
gain of each activity. The main way that the ancients
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gained wealth was through conquest. Whatever
wealth had accumulated in a region was the result
of the slow accumulation of solar energy. This
included mineral wealth, for the metals had to be
mined by solar-powered human activity and then
smelted using wood for fuel. Obviously, this was
hard work, and many preferred the much easier
(although possibly fatal) path of conquest. As the
Roman Empire became larger and more powerful,
it also became more complex to maintain and
defend the provinces and eventually Rome itself.
According to Tainter, increasing complexity is usu-
ally how problems are solved. But there is a high
energy cost to complexity that makes its use even-
tually counterproductive. Tainter develops in a
very compelling narrative how complexity, for
example, through the maintenance of distant gov-
ernmental administration and bureaucracies, gar-
risons, communications, and so on and the import
of grain from ever more distant provinces, imposed
an ever-increasing energy drain on the Empire and
how this led eventually to its susceptibility to decay
and invasions. Basically, the necessary investments
into maintaining centralized administrative and
military control become increasingly expensive
and counterproductive, especially as the limits of
an empire are pushed further and further from the
centralized control, necessitating increasing energy
costs for transport and to maintain the compliance
of other people. Combining the language of Tainter
and that of economists, we might consider this
decreasing marginal return to complexity, which
Tainter shows us occurred again and again and
eventually led to the collapse of most empires.

We know less about the next 500 years in what
had been the Roman Empire, partly because few
historians have given us as comprehensive assess-
ment of the subsequent events as we have for the
years of the Roman Empire. These years are often
called the “Dark Ages” or “the Middle Ages” and
are left at that. It is important to remember that
life went on, Romans or Italians or whatever we
wish to call them continued to live in Italy (as
French did in Gaul and so on), solar energy was
used through agriculture and forestry to maintain
people as they had been for millennia, and people
lived, loved, fought, and died, while populations
grew and sometimes declined from plague.
Sometimes they left stone or occasionally literary
artifacts but more usually leaving behind only
more depleted soils and forests. What was left of
knowledge and culture and civilization tended to
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be kept alive in monasteries and in civilizations
further to the East.

6.3.3 The Rise of Islam [23]

The prophet Mohammed, originally a merchant
but eventually a political and religious leader,
united the Arabian Peninsula in the seventh cen-
tury AD. His followers expanded the empire under
his influence so that within a hundred years after
his death they controlled a large area stretching
from Central Asia through the Middle East and
along North Africa to Spain. The empire expanded
again in about 1200 to become what was probably
the largest land empire ever. Although the empire,
including the political administration, was quite
ethnically diverse and far from centralized, the
people were united in their devotion (or subjuga-
tion) to Islam and in their use of the Arabic lan-
guage, in which the Muslim holy book, the Koran,
was written. Known in the West for their fierce-
ness, once subjugation occurred, the Muslim lead-
ers tended to be relatively tolerant and left others
within their administrative units (including
Christians and Jews) to their own devices as long
as they paid their taxes. At that time, most of the
economies of the Muslim empire were either agri-
cultural or grazing animal based. Likewise, con-
quest was generally through foot soldiers or
cavalry, so that we can assume that both the econ-
omy and expansion was nearly completely based
on a solar and biomass base for energy.

The Muslim world was increasingly focused in
Cairo following the Arabic conquest of Egypt in
the seventh century AD. Originally, Muslims
eschewed naval warfare and even sea-based trade,
focusing on land-based expansion by trade or vol-
untary conversion or sometimes conquest. Day to
day, the main events were much more likely to be
about trade than conquest. For example, Muslims
had regular overland trade to China along the
very lengthy “silk road” Eventually, they became
seafarers, focusing initially on the Sea of Arabia
and then the coasts of India and Africa. Their long
presence in Africa is reflected in, for example, the
name Swahili, which means coast in Arabic,
which remains as the principle language in Kenya.
Arab traders brought coffee, originating in
Ethiopia, to the rest of the world, and this is
reflected in the scientific name for the best coffee,
Coffea arabica.

141

Increasingly the Byzantines, as the residuals
of the Eastern Roman Empire were called by the
early Middle Ages, attacked Egypt and other
Arabic possessions using ships and caused great
destruction. Again, the use of solar energy to
make timbers for ships and wind energy to move
large quantities of people and goods by ships
gave enormous power to those who were able to
exploit it. In response, the great Arab leader
Caliph Abd al-Malik in the late seventh century
initiated a great program of ship building. This
program was based in Egypt, but Egypt had few
trees and none of a size to allow the construction
of strong ships. Large cedars, many 170 feet in
length, were imported from Lebanon, although
that was very expensive. Consequently, the ship-
building had to be moved to what is now Tunisia,
which at that time was heavily forested. A very
strong fleet was constructed which captured
Sicily (with its huge forests) and established a
beachhead in Spain. In time, the Mediterranean
became essentially an Arab Lake, as it had been
previously a Roman one. The only ones to chal-
lenge this were the Venetians, who had access to
the forests of the Po and Adige river basins. Thus,
the exploitation of wind energy allowed the
Muslims to conquer and hold on to huge new
land holdings and to generate great wealth
through trade. They were the masters of the
Mediterranean world for nearly a thousand years
(or more, considering that today most of North
Africa is Muslim).

Among the many who accepted Islam as their
religion were the Turkic peoples of Central
Eurasia, who established a very strong empire
beginning near present-day Constantinople and
eventually spreading under the Ottoman group
influence through much of the Islamic world.
They also spread into the West and were finally
stopped at Vienna in 1683. According to Rondo
Cameron, although this was not a tightly inte-
grated empire, it persisted and spread for a very
long time because it did not subjugate those it
conquered but only asked for taxes which were
not excessive. This approach to Empire seems to
be a relatively successful one compared to brutal
repression. Arabic influence spread through
European culture, leaving, for example, its imprint
in the English language with words such as “arse-
nal” (construction house, originally), “algebra,
and “algorithm,” both reflecting the great advance
made in mathematics within the Muslim world
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during what we now call “the Dark Ages” in
Europe. More recently, an important GIS tool,
IDRISI, was named after the great twelfth-century
Arabic-Sicilian geographer.

The Muslim world, Ottomans, often found
themselves in direct competition with the
Christian world. Several specific events stand out.
The Christian invasions of Muslim-controlled
Jerusalem, known as the great Crusades (1095-
1099, 1147-1149, 1188-1192, 1202-1204, 1217-
1221, 1228-1229, 1248-1250), reflected the
growing wealth, power, and some would say arro-
gance of Europe and represented not only a
chance for the faithful and adventurous to
attempt to wrest the “Holy Land” from the “infi-
dels” but also opportunities for plunder, rape,
trade, and extension of commercial influence.
The first Crusade caught the inhabitants of
Jerusalem by surprise, and an enormous blood
bath of mostly Muslims (but also Christians) by
Christians followed as the city was wrested from
“infidels” None of the subsequent Crusades were
as successful militarily. Some of the related events
were especially pernicious. On the fourth
Crusade, the European knights and their camp
followers (tinkers, blacksmiths, prostitutes, and
so on), tired of walking and riding horses, stopped
in Venice to attempt to purchase passage by ship
to the Holy Land. The Venetians, crafty business-
men and politicians, took their gold for passage,
loaded the heavily armed men onto ships, and set
off for what they said was the Holy Land. The
Venetians had some old scores to settle with the
inhabitants of Constantinople, then a Christian
remnant of the old Holy Roman Empire. On the
journey, a detour was taken, and the unsuspect-
ing knights were deposited before the city of
Constantinople which the Venetians claimed was
Jerusalem. When they asked their Venetian ship
captains why the city was adorned with crosses,
they were told that this was a Muslim trick. So,
they attacked the city, eventually subduing the
inhabitants, and looted, raped, and pillaged for
several months. The Venetians received not only
payment for ship passage but insured that
Constantinople would no longer be a threat to
their commercial interests in the Aegean and
Adriatic Seas, for example, for wood in the region,
at least for a while. In the long term, the plan per-
haps backfired as the weakened Christian City of
Constantinople fell later to Islamic invaders from
the East in 1453, and the importance of the
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Venetian Empire and Christianity in that region
faded. Those who wish might say that indeed
God works in mysterious ways.

Thus, the enmity of much of Islam today
toward the West for the exploitation of the region’s
oil resources is hardly new and lives on today as a
great distrust by many Muslim cultures for the
motives of the West. As the West has become so
dependent upon oil from the Muslim world, it is
hardly surprising that many view the relation with
great suspicion.

6.3.4 The Lasting Legacies
of Ferdinand and Isabella

Another place that Muslims and Christians
clashed was in Spain. Muslims came to Spain from
the south across the Mediterranean and from the
ninth to the thirteenth century controlled most of
the Iberian Peninsula. While there they developed
very sophisticated agricultural and horticultural
systems and, essentially, tolerated diverse other
cultures. Christian influence filtered in from the
north beginning about the tenth century, culmi-
nating in the expulsion of both Moors and Jews
by King Ferdinand and Queen Isabella, whose
names are familiar to most Americans because
they also supported Columbus, both in 1492. The
result was disastrous for the Spanish economy
because the Moors were much more sophisticated
agriculturists than the Christians, at least for the
southern part of Iberia, and because many skilled
Jewish people were forced to leave. Many of these
Moors and Jews probably went as Colonists into
the Americas, feeling no longer welcome in Spain.
The wealth of Spain, originally based on sophisti-
cated agriculture and trade, was partially restored
only by the brutal exploitation by Spain of the
inhabitants of the New World as they extracted
gold, silver, and other minerals with the aid of
slaves, wood fuel, and wind power for their sail-
ing ships. The food production system exported to
the New World by the Spanish was one based on
cattle raising, as this was the system favored by the
Christian Spanish. The often sophisticated agricul-
tural systems (e.g., extensive terracing) in place in
Central and South America were displaced, even
destroyed, by the very crude cattle-based latifun-
dia system brought from Spain. In both southern
Spain and Central America, the cattle were turned
out to graze in the much more productive Native
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American gardens that were often highly terraced,
representing generations of careful investments of
human energy. Since cattle return much less food
per hectare per year than crops, the overall produc-
tivity of these systems for food energy was greatly
lowered. Thus, in a sense, the actions of Ferdinand
and Isabella destroyed two great agronomical
systems and replaced them with unsophisticated
grazing systems with perhaps one-tenth or one-
twentieth the capacity to produce usable food
energy for humans but with a greater capacity to
produce money income for haciendas.

Entire forests, such as in southern Bolivia,
were cut to supply timbers for mines and provide
energy for smelting. Much of the Tarija region
of southern Bolivia, for example, was deforested
to support the silver mines in Potosi, and the
timbers were transferred nearly a thousand kilo-
meters horizontally and thousands of meters ver-
tically on the backs of mules and slaves [24]. The
deforestation resulted in some of the most exten-
sive erosion found on the face of this Earth, which
covers nearly 5 million hectares. Spain grew rich
on the imported gold, but a curious phenomenon
happened. The Spanish efforts in the New World
doubled the quantity of gold in the old, but it
decreased its value to less than half! What had
happened was no different from what happens
when a modern country prints too much money:
inflation. Gold has little utilitarian value but is
rather a medium of exchange. The real wealth of
Europe came from the fields, forests, fisheries,
and artisans, that is, the investments of solar and
human (and occasionally wind and water) energy
into the process of turning raw materials into real
wealth: food, clothes, shelter, tools, utensils, and
so on. Much of that gold ended up eventually in
the great cathedrals of Europe.

6.3.5 Other Regions of the Earth

While Europe was living in the “Dark Ages,” inde-
pendent and often very sophisticated cultures
were developing in China, India, and the
Americas, each of which had much greater and
often more sophisticated human populations than
did Europe. Again, these were solar-powered
agrarian cultures for the most part and depended
year after year on intensive human labor and of
course the sun as a source of energy. Several grass-
based nomadic civilizations, including that in

Mongolia led by Genghis Khan, also established
very extensive empires that in his case reached
nearly to Europe. In the Americas, very extensive
city-states developed, flourished, and eventually
collapsed. For example, the Olmecs and Maya of
present-day Mexico and the Inca in Peru followed
such fates long before the arrival of Europeans but
more commonly after that. But, as we said at the
beginning of the Mediterranean section, these
cultures are not our focus here.

6.4 The Energetics of Preindustrial
“Modern” Societies: Sweden

and the Netherlands

There have been several especially comprehensive
analyses of preindustrial solar-powered econo-
mies in the Netherlands and Sweden by De Zeeuw
[25] and Ulf Sundberg [26]. These analyses indi-
cate that it was possible to generate a very signifi-
cant energy-based economic machine on plant
material alone. The longer view, however, is that
eventually these “renewable” systems tend to
become depleted, and they require relatively low
population densities (compared to the present) to
be successful.

In the period 1640-1740, the Dutch had created
a very profitable ceramics industry in the vicinity of
the city of Delft, near Rotterdam. Even today, it is
possible to purchase very fine China by the name of
Delft. Making pottery is energy intensive, as the raw
material (basically clay with metal decorations—in
the case of Delft characteristically blue) must be
heated to high temperatures. The fuel for this in the
Netherlands was originally peat, partially decom-
posed Sphagnum moss, which was abundant in the
low-lying areas of the Netherlands. To this day, large
rectangular holes, called polders, remain where the
peat was extracted four centuries ago.

A particularly thorough energy analysis of the
economy of that time has been undertaken for
Sweden by Sundberg. In 1550, Sweden was over-
whelmingly rural and very poor. Most of Sweden
is too cold for much agriculture, which was con-
centrated in the south of the country. Most of the
citizens lived scattered throughout the vast forests
where they cut trees for charcoal, which was used
for a variety of purposes, most importantly for
smelting the abundant silver, copper, and espe-
cially iron ore. Thus, Sweden had at that time two
particular assets in terms of natural resources: vast
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forest areas and rich iron ore. In order to make
iron, high temperatures (above 1000 °C) must be
used. This is not possible from timber alone but
can be done with charcoal, which is basically wood
heated in the absence of oxygen so that it is nearly
pure carbon. Charcoal is made by taking trees and
piling them into a large earth-covered structure
containing from dozens to hundreds of trees. Then
the pile is fired and allowed to smolder for days.

In 1600, approximately 15-20% of all Swedes
lived in small family groups scattered throughout
the forest. Their houses were quite small and sim-
ple, and most men worked making charcoal. The
resulting charcoal was taken to regional metal
processing centers, and the iron and copper ore
turned into metallic implements. The principal
products of Swedish iron factories in the period
1600-1800 were very good cannons. The Dutch
were the first to take full advantage of these can-
nons and mounted them in warships that made
them rulers of the European seas for about
100 years, until the English became better at the
game. The Dutch invested in cannons because
they allowed them, essentially, to steal whatever
they wished from other nations. This was consid-
ered fair game, at least by the rules of the newly
emerging mercantile capitalist economy (although
not by the conquered and colonized).

Over time, more and more of the Swedish forest
was cut and burned, and since trees grow slowly in
the cold climate, eventually the vast Swedish forests
were destroyed in almost their entirety. The Swedes
faced an extreme energy crisis, and many froze in
the winter because they had insufficient fuel and
insufficient food. Starting in about 1850, vast num-
bers of Swedes moved to the United States, espe-
cially to the Northern Midwest, where they felt
right at home among the snow and the pine forests.

Crosby [27] has commented upon the partic-
ular aggression and greed of Europeans compared
to others about the world. By 1641, the Dutch
trade and military empire extended as far away as
Malaysia, where a Dutch fort and windmill can
still be found in Malacca. If other nations wanted
to trade in waters where the Dutch ruled, they
had to either pay tribute to the Dutch or suffer the
loss of some of their shipsand ports. Consequently,
the Dutch got very rich. Thus, the energy of pho-
tosynthesis of Swedish forests was translated into
dominance of the seas by the Dutch using wind-
driven ships to carry far more Swedish cannons
than land armies could muster. These energies
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also generated a very high level of comfort for
Dutch burghers and the leisure to generate some
of the world’s greatest art. Then as now, affluence
had a source somewhere in extensive use of
energy. But that affluence for the Dutch did not
last either, for it was the British defeat of the
Dutch at the Straits of Malacca in 1647 that cata-
pulted the British into prominence as a mercan-
tile power. Then the bulk of the eighteenth
century was spent in British conflict with the
French. Finally, at the end of the Seven Years’ War
in 1763 and the great British naval victory at
Trafalgar in 1805, British hegemony was estab-
lished over the world’s seas, and the long period
of Pax Britannica began.

Throughout world history, however, most peo-
ple remained very poor. Societies often adjusted to
these mean circumstances by generating limited
social expectations and mechanisms that allowed
people to be comfortable with only these very lim-
ited economic circumstances and opportunities.
One’s rewards would be found (they said) after
death, or in serving God modestly, or in leisure (in
many societies, men hardly worked but spent much
of the day in cafés or smoking cigarettes or hashish,
while the women tended the fields or shops as well
as the children). Fortunately, death rates were high,
and the population did not expand greatly beyond
the means of the land to support the people who
were there. People may have been as happy as, or
even happier than, today. We don't know, but the
economic circumstances for most were barely
above what it took to remain alive and to have and
raise children. Some very few adventurous souls
would join armies going to faraway places to exploit
new resources and peoples (i.e., the rampant
European colonialism of one, two, three, and four
centuries ago and the crusades long before that).
When the Americas opened, massive numbers of
Europeans were ready to move to the new “empty”
continents to try to better their fortunes, some-
times paying little respect to the fact that the conti-
nents were already heavily peopled with Native
Americans. In other words, once material opportu-
nities opened, there were plenty of Europeans
ready to give it a try to improve their own personal
financial situation. Even so for almost all individu-
als, it was extremely hard to make a living. This was
normally accomplished through hard physical
labor to chop down trees or to farm or work a mine
or in a factory. Records of colonial Americans, for
example, show that people spent almost all their
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time and money just surviving, although they may
have done that in reasonable comfort. The concept
of spending money for recreation simply did not
exist for most, as there was relatively little surplus
wealth or surplus energy in these solar-based soci-
eties.

Throughout history in many societies, it was
deemed just fine to attack another city or nation
and simply steal whatever wealth they had accu-
mulated. While this may sound offensive to us in
fact, it was highly regarded by many in antiquity.
Great writers of past times chronicled approvingly
again and again the stories of a leader of one state
who plunders another state, bringing glory and
treasure to himself and his own state. Vikings, liv-
ing in Northern lands of very low productivity,
sought wealth in raiding parties that terrorized
much of Europe for 1000 years. Wooden Viking
ships with charcoal-derived iron nails and weapons
and woolen sails were constructed and equipped
entirely using solar energy. Europeans stole entire
continents from Native Americans on solar power
(again winds and charcoal plus genocide and set-
tlement), with God as well as gunpowder and
European germs on their side [8, 27]. Today this
process continues through the economic principle
of “globalization,” which is viewed by many princi-
pally as a means by which the more developed
world legitimizes its extraction of resources and
cheap labor from the less developed world. Others
believe that trade benefits all.

We stop our history here for we treat the his-
tory of industrial society in more detail in
» Chaps. 8-10. Meanwhile we provide some addi-
tional references for those who want to think
more deeply about energy and the “progress” of
civilization [29-31].

6.5 A Somewhat Cynical

View of Human History

It is very impressive to examine from today’s per-
spective the views of the ancients with relation to
war. Plutarch’s Lives [28] is a book about famous
ancient Greeks and Romans, written several thou-
sand years ago by a distinguished Roman histo-
rian. One of your authors (Charles Hall) tackled
this book with vigor, wanting to better himself
since his classical education, once the signature of
a well-educated person, was limited to two undis-
tinguished high school years of Latin under the
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fierce eye of Miss Meservey. He was also inter-
ested in what might be the characteristics of lead-
ers whose reputation had lasted thousands of
years. He was quite surprised by what he found:
the largest group of the people singled out for
praise by Plutarch made their mark by plundering
other cultures cities. Plutarch recounted with
favor and apparently without irony how these
people brought fame and riches to their own cities
or regions. These great leaders of the past appeared
to be simply robbers and plunderers of accumu-
lated solar-based profits. Human history has been
in large part about mustering armies to rape and
plunder and about the efforts of others to counter
these robbers. Modern Italy, Scotland, and many
other European landscapes are full of ancient
stone fortifications that must have taken an enor-
mous portion of the time and energy reserves of
the ancient citizens to construct. The evolution of
more powerful cannons reduced the effectiveness
of these fortifications until they were recon-
structed to stronger specifications.

America too is constructed on conquest and
plunder, from the obvious example of early
English and Spaniards stealing the lands of Native
Americans to a US military expedition taking
what is now California and the rest of the US
southwest from the Mexicans in the time period
from 1820s to the 1850s by force. When the
United States somehow “forgot” to claim the low
passes through the Southern Rocky Mountains,
they bought them from Mexico in the Gadsden
Purchase of 1853. Classic empires seem to have
receded during the twentieth century as a new
form of imperialism called globalization has
advanced, spawning nationalism and ethnic con-
flict among the world’s hungry and disposed.

Occasionally, we can get a quantitative
glimpse of the enormous inputs required to fuel
the expansion of empires and also the misery
suffered by the common person during both
the times of the expansion and the collapse of
empires. Little was known about energy during
most of history, but we can get some glimpses
and make some rough calculations. Napoleon
was famous for his “cannon park” of 366 cannons,
each capable of hurling a 6- to 12-pound iron
ball. He took this formidable machine with him
to Russia, an incredible and ultimately disastrous
campaign that resulted in the death of most of his
army. The Russian army under Kuznetsov chose
not to stand up to Napoleon’s well-oiled military
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machine but instead retreated before him, stop-
ping only briefly at Borodino to give some serious
resistance before melting away, leaving Napoleon
to be defeated later by “General Winter” Military
historian John Keegan has calculated the energy
requirements to feed that cannon park. The 300
plus cannons required 5000 horses to pull them
along plus soldiers and teamsters to handle the
horses and man the cannons. The men required
about 12 tons of food a day and the horses 50 tons
of hay, so many additional horses were required
to bring along the fuel for men and horses pull-
ing the cannon. One of Keegans main points is
that Nelsons fleet at Trafalgar carried six times the
fire power at one-fifth the logistic cost by exploit-
ing wind energy. This indicates the importance
of being able to exploit a relatively large energy
resource, in this case the wind.

In three successive summers, one of your
authors (Charles Hall) happened to read three
historical books on European history and some
important military invasions in search of empire:
the first Peter Massey’s on Peter the Great and his
attack south into the Crimea in 1696, the second
Phillipe De Segur’s (a nobleman in Napoleon’s
army) record of Napoleon’s Russian Campaign in
1804, and the third Antony Beevor’s Stalingrad,
the story of the furthest point that Nazi Germany
had penetrated into Russia in 1942-1943. Each of
these books is a masterful summary of enormous
military campaigns. But it came as a shock when
the first map in the third book turned out to be
essentially the same map, with nearly the same
national borders, in each of the two previous
books, centered on the regions of the Baltic, the
Black Sea, Moscow, and the Caspian. Each of the
books tells of initial tremendous success and
enthusiasm for the “glory” of conquest by the
invading armies, but in each of them, the invad-
ing armies were humbled eventually by the peas-
ant armies, climate, and lack of enough fuel
within the devastated invaded regions to support
horses, tanks, and soldiers. The suffering of the
soldiers, officers, and the commoners caught in
the middle in each was immense, and in each, the
tales of massacre and barbarous behavior on all
sides were appalling. No additional territory was
gained by any of these campaigns, despite the
enormous expenditure of resources. Educated
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German officers in 1942 knew well of Napoleon’s
appalling retreat in Russia and watched day by
day as General Winter imposed the same horrible
fate on their own army. At the end, it all seemed
so stupid. Except for the massacre and displace-
ment of Native Americans (and other aborigines)
by Europeans, it seems that since 1800 (and prob-
ably long before) most land has remained in the
hands of those who were there first. But that cer-
tainly has not stopped many invasions as ambi-
tious generals and leaders attempt to conquer
other’s land.

Thus, much of history can be seen as times
of very limited abilities to do much more than
survive on one’s own resources and that the main
path to personal or national wealth was through
exploiting others through warfare. Much of his-
tory can be viewed as a series of attempts by
one group to exploit or dominate others, either
by directly stealing their wealth (represented as
the long-term gradual accumulation of net solar
energy in precious metals, jewels, and edifices) or
by gaining access to their resources. We end our
brief historical review at a point before the fos-
sil fuel era gave a tremendous boost to our abil-
ity to both generate wealth at home and to inflict
carnage and misery upon each other [23]. We do
note an optimistic pattern: the long age of arro-
gant European colonization, empire by conquest,
and continuous international conflict appears to
be behind us following the end of Second World
War. With the rise of industrialization and the
enormous ability to increase wealth that fos-
sil fuels and their technologies allowed, plus a
growing appreciation of the cultures of others and
the costs of war, the concept of empires and sub-
jugation of others seems to have largely stopped.
But war and its misery continue for all kinds of
other reasons, and exploitation of others contin-
ues through economic means.

6.5.1 The Repeated
Collapse of Empires

There are several dictums of history that are
important here. The first is that “history is written
by the winners,” and the second is that most
human endeavors of the past are barely or not at
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all recorded. The scholars who think the most
about this are archeologists, and the archeologist
(and anthropologist, historian, and energy ana-
lyst) who has the most to say about this issue is
Joseph Tainter. Tainter’s magnum opus is The
Collapse of Complex Societies (although we have
found his 1992 paper “Evolutionary Consequences
of War” to be equally cogent). Both are incredibly
good reading. Tainter lists a minimum of 36 once-
great civilizations that exist today only as a series
of rocks and other hard materials, often under
desert sands. The list goes on and on. One has only
to visit the great museums of anthropology in, for
example, Mexico City or Jalapa, to get a perspec-
tive on what incredible civilizations there were in
the past and how so many have crumbled.

Why do most military invasions fail, and how
did it come to pass that so many once proud and
powerful civilizations fell apart so completely and,
often, so quickly? There are probably many rea-
sons, but we believe that the energy-based mecha-
nisms put forth by Tainter and summarized above
offer the best clue.

6.6 Summary

All of life, including human life in all of its manifes-
tations, runs principally on contemporary sunlight
that enters the top of our atmosphere at approxi-
mately 1.4 kW/m? (5.04 MJ/m?*h). Roughly half
that amount reaches the Earth’s surface. This sun-
light does the enormous amount of work that is
necessary for all life including all economic activity.
The principal work that this sunlight does on the
Earth’s surface is to evaporate water from that sur-
face (evaporation) or from plant tissues (transpira-
tion) which in turn generates elevated and purified
water that falls back on the Earth’s surface as rain,
especially at higher elevations. The rain in turn
generates rivers, lakes, and estuaries and provides
water that nurtures plants, animals, and civiliza-
tions. Differential heating of the Earth’s surface
generates winds that cycle the evaporated water
around the world, and sunlight of course maintains
habitable temperatures and is the basis for photo-
synthesis in both natural and human-dominated
ecosystems. These basic resources have barely
changed since the evolution of humans (except for

147

the impacts of the ice ages) so that preindustrial
humans were essentially dependent upon a con-
stant although limited resource base. Over time,
humans increased their ability to exploit larger
parts of that natural solar energy flow through
technology, initially with spear points, knives, and
axes which could concentrate human muscular
energy, and then with agriculture, metals, dams,
and now with fossil fuels.

The development of agriculture allowed the
redirection of the photosynthetic energy captured
on the land from the many diverse species in a
natural ecosystem to the few species of plants
(called cultivars) that humans can and wish to eat
or to the grazing animals that humans controlled.
Curiously, the massive increase in food produc-
tion per unit of land brought on by agriculture did
not, over the long run, increase average human
nutrition but mostly just increased the numbers
of people. Of course, it also allowed the develop-
ment of cities, bureaucracies, hierarchies, the arts,
and more potent warfare. For most of humanity’s
existence, most of the energy used was animate—
people or draft animals—and derived from recent
solar energy. Often humans themselves did most
of the work, often as slaves but more generally as
physical laborers which, in one way or another,
most humans were. For thousands of years, from
the period of the beginning of empires 5000 or
more years ago until the widespread use of coal
for steam power in about 1850, the principal
source of energy for any large-scale agriculture or
public works was masses of human power, princi-
pally but not always as slaves or near slaves (i.e.,
serfs). By one account, the Cheops pyramid repre-
sents essentially the entire energy surplus of the
Nile civilization of about 3 million people at that
time and required the labor of 100,000 people
over 20 years. A second very important source of
solar energy was from wood, which has been
recounted in fascinating detail in books by Perlin,
Ponting, and Smil. Massive areas of the Earth’s
surface—Peloponnese, India, parts of England,
and many other locations—have been deforested
three or more times as civilizations have cut down
the trees for fuel or materials, prospered from the
newly cleared agricultural land, and then col-
lapsed as fuel and soil become depleted.
Archeologist Joseph Tainter recounts the general
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tendency of humans to build up civilizations of
increasing reach and infrastructure that eventu-
ally exceeded the energy available to that society.

Both the natural biological systems subject to
natural selection and the preindustrial civiliza-
tions that preceded our own were highly depen-
dent upon maintaining not just a bare energy
surplus from organic sources but rather a sub-
stantial energy surplus, or large net energy, that
allowed for the support of the entire system in
question—whether of an evolving natural popula-
tion or a civilization. Most of the earlier civiliza-
tions that left artifacts that we now visit and
marvel at—pyramids, ancient cities, monuments,
and so on—had to have had a huge energy surplus
for this to happen, although we can hardly calcu-
late what that was. An important question for
today is to what degree does the past critical
importance of surplus energy apply to contempo-
rary civilization with its massive although possi-
bly threatened energy surpluses.

6.6.1 Surplus Energy
and Contemporary
Industrial Society

Contemporary industrial civilizations are depen-
dent on fossil fuels in addition to solar energy. Today
fossil fuels are mined around the world, refined,
and sent to centers of consumption thousands of
miles away. These fuels have allowed for acceler-
ated exploitation of solar energy and for the huge
increase in food production, water transport, and
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sanitation that has allowed the human population
to grow enormously over the past 100-200 years.
For many industrial countries, the original sources
of fossil fuels were from their own domestic
resources. The United States, United Kingdom,
Mexico, and Canada are good examples. Since
many of these initial industrial nations, however,
have been in the energy extraction business for a
long time, they tend to have both the most sophis-
ticated technology of both production and use and
the most depleted fuel resources, at least relative
to many countries with more recently developed
fuel resources. For example, as of 2017, the United
States, originally endowed with one of the world’s
largest oil provinces, was producing only about half
of the oil that it used, Canada had begun a serious
decline in the production of conventional oil, and
Mexico recently was startled to find that its giant
Cantarell Field, once the world’s second largest,
had begun a steep decline in production at least a
decade ahead of schedule. Although new sources of
oil are being developed (see » Chap. 13), these are
from relatively low-yielding and expensive wells.
Meanwhile, the global human population contin-
ues its upward course, although at a decreasing rate
(B Fig. 6.13). The next chapter examines the role of
oil in our society in much greater detail.

Q Questions
1. Discuss several examples of how
preagricultural humans exploited solar
energy and the relation of the energy
they obtained to their own personal
energy investments.
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2. How are spear points related to energy?

3. How does agriculture concentrate energy
for humans? How does this process
support a larger population?

4. The human use of fire assisted in opening
a huge new food resources of agriculture
for humans. Can you explain what the
connection might be?

5. What was the relation of agricultural
surplus to human specialization?

6. Many former dominant human cultures
have collapsed. Can you give an example
and the reasons thought likely for that
happening?

7. Name at least two important legacies of
the reign of Ferdinand and Isabella.

8. What does surplus energy mean to
civilizations?
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The Americas were the last major liveable conti-
nents to be settled by humans. When first Asians
(“Native Americans” or “Indians”) and then
Europeans (and those they brought from Africa
and Asia as slaves or laborers) settled in the
Americas, they found enormous lands empty
(or empty-able) of other humans with incredi-
bly rich resources. Having emigrated from rela-
tively densely populated and socially and
economically stratified Asia and Europe, the
Americas represented enormous resources, per
capita power and the freedom to exploit those
resources and hence generate wealth. This of
course is a well-known story told to most
American children with a focus on the various
heroic activities of our ancestors. But it is also a
story about energy.

Waves of Colonists to
America: First Asians
and then Europeans

7.1

Most scientific analysis supports the idea that
people first came to the Americas during the low
ocean levels that occurred 10,000-20,000 years
ago when huge amounts of water were tied up in
glaciers during the most recent ice age. (One
should respect, however, the view of many Native
Americans, including some Native American sci-
entists, that “they have been here indefinitely”).
When Native Americans arrived on this conti-
nent, they found few other humans, amazing
natural ecosystems, and enormous wildlife
resources (their principle resource base). Since
these people were skilled hunters and had very
effective tools (spears and bows and arrows, as
well as highly evolved social systems for hunting
and, subsequently, agriculture), they had a tre-
mendous economic boom, increasing in num-
bers to perhaps 50 million people in the Americas.
But there was a cost to this tremendous economic
growth: the extinction of many of the species that
had originally been very important in their diet.
For example, we know that 10,000 years ago,
there were two species of elephants, 10-foot-tall
beavers, and giant sloths in what is today the
United States. These and many other large species
(known collectively as megafauna, meaning sim-
ply “large animals”) disappeared soon after
humans came. While scientists debate the degree
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to which climate change vs. human hunting did
in these animals, there is no question that every-
where that humans went on the planet, the large
animals disappeared soon after [1, 2]. Meanwhile
other humans in the Americas were overexploit-
ing soils in many regions, leading to collapse, that
is, a radical and sudden decrease in the magni-
tude and degree of complexity of entire societies.
This happened, for example, to the Mayas of the
Yucatan and present-day Guatemala [2, 3].
Whether such a collapse will occur with present-
day European Americans has been discussed by
these and many other authors, most of whom
consider it a distinct possibility.

The second wave of humans that entered the
Americas came from Europe starting in 1492.
They brought with them a whole new suite of
plants, animals, and technologies [4]. From our
present perspective, the basic result of this was
that the overwhelming majority of the people that
were in the Americas in 1492 were killed directly
by Europeans or by the diseases they brought, as
described in Guns, Germs, and Steel [5]. It is not a
pretty story and would be called genocide today
[6