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Diskussionsbeitrag Nr. 16

Vorwort
Vor dem Hintergrund der globalen ökonomischen Krise beschäftigt sich der vorliegende
Band Nr. 16 der FOM-Schriftenreihe mit den Konsequenzen wirtschaftlichen Wachstums
aus wissenschaftlicher Sicht. Ausgangspunkt der Analyse ist eine 1972 vom Club of
Rome in Auftrag gegebene Studie von D. Meadows et al. zur Entwicklung der
Weltwirtschaft, „The Limits to Growth“, die u. a. zum Ergebnis hatte, dass es kein
grenzenloses Wachstum geben kann.
Die allgemeingültige wissenschaftliche Aussage, dass ökonomische Schieflagen nur
durch umfangreiches Wirtschaftswachstum unter Ausschöpfung vorhandener Ressourcen
überwunden werden können, wird mit dieser Analyse aus einem anderen Blickwinkel
betrachtet: Vielmehr können übermäßige Ressourcennutzungen zukünftige Produktionsmöglichkeiten einschränken und technologische Fortschritte nur mit tatsächlich verfügbaren Lagervorräten erzielt werden.
Zunächst erarbeitet der Autor die theoretischen Grundlagen volkswirtschaftlicher
Zusammenhänge im Hinblick auf Wachstumsbegrenzungen, bevor er anhand verschiedener ausgewählter Szenarien die Zusammenhänge zwischen Marktmechanismen und
Erschöpfung von Rohstoffen darstellt. Darauf aufbauend analysiert er ausgehend von der
„Limits to Growth-Perspektive“ die gegenwärtigen ökonomischen Entwicklungen und erarbeitet dann anschaulich die dargestellte Problematik anhand des internationalen
Ölvorkommens. Dabei werden seine Ausführungen von fachspezifischen Berichten internationaler Organisationen und Veröffentlichungen ausgewählter Wissenschaftler untermauert. Abschließend werden die wesentlichen Kriterien der Analyse vom Autor
zusammengefasst und daraus Handlungsempfehlungen abgeleitet.
Um der internationalen Bedeutung dieser Thematik Rechnung zu tragen, ist der
vorliegende Band in englischer Sprache verfasst worden. Dabei erfährt seine inhaltliche
Aussage gerade vor dem Hintergrund der aktuellen Umweltkatastrophe durch die
Ölverschmutzung im Golf von Mexico besondere Brisanz.

Prof. Dr. Sabine Fichtner-Rosada
FOM Hochschule für Oekonomie & Management
Wissenschaftliche Schriftenleitung

Essen, Juli 2010
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Abstract
The paper presents and analyses the structure and consequences of limits to growth for
the global economy. Apart from the famous report for the Club of Rome, a wide range of
related literature, which all caution against the idea of unrestricted growth, is also covered.
In presenting side tracks in economics, major differences towards standard economic
reasoning are highlighted; these are particularly centred on the concepts of technology,
sustainability, and resources. One of the central conclusions is that technological progress
alone cannot be the knight in shining armour to save the day amid increasing stress on
the sides of sources and sinks of the global system. Further, oil production, consumption,
and reserve patterns are discussed, emphasising that a continuous underestimation of the
challenges ahead would be distressing. Finally, the development of non-advanced
countries is hindered, as the diminishing availability of oil reserves could prove as a
significant constraint.

Keywords: Limits to Growth, sustainability, technology, overshoot, ecological footprint, oil,
oil peak, resources, reserves, Club of Rome
JEL classification: B59, Q01, Q32, Q56, Q57
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1 Introduction

“A French riddle for children illustrates another aspect of exponential growth – the apparent
suddenness with which it approaches a fixed limit. Suppose you own a pond on which a water
lily is growing. The lily plant doubles in size every day. If the lily were allowed to grow
unchecked, it would completely cover the pond in 30 days, choking off the other forms of life in
the water. For a long time the lily plant seems small and so you decide not to worry about
cutting it back until it covers half the pond. On what day will that be? On the twenty-ninth day, of
course. You have one day to save your pond.”1

Times of crisis reveal the advantages of the plurality of views, as sometimes just one
prevailing opinion could lead into an impasse. While the world is on a path to recovery
from the recent world economic crises – a path which could well last twenty years2 – an
even bigger global crisis is looming around the corner.
The Limits to Growth’ written by Meadows et al. in 1975 is the title of an almost forty-yearold report for the Club of Rome’s project on the predicament of mankind.3 In the broader
sense, it is also the thrust of reasoning of many other contributions dealing with the
world’s long-term problems. However, all these contributions establish less travelled side
tracks in economics, partly because a range of misperceptions were and still are
associated with them. As the content merits continuous revivals, this paper gives an
introduction to and an overview of the reasoning behind the LTG (limits to growth) and a
variety of adjacent literature.
The topic ‘LTG’ is challenging and enlightening. Challenging, because the content is
contrary to ‘standard reasoning’ in economics, which can be epitomised in Solow’s dictum
that ‘the world can, in effect, get along without natural resources’.4 Enlightening, because
it offers a completely different viewpoint from which long-run global developments can be
judged. Distinctive key elements are the positions towards resources, technology, and
sustainability. In section two the thrust of the reasoning outside the box is recapitulated.
Section three deals with selected issues regarding the market mechanism and resources.
The main section four introduces and analyses long-run developments from a LTG
perspective and features a discussion on oil as the principle resource. Section five
concludes.

1
2

3
4

Meadows et al. (1975), p. 37.
In the case of Germany, the debt-to-GDP (Gross domestic product) ratio might need twenty years to
return to its pre-crisis level. Cp. SVR (Sachverständigenrat zur Begutachtung der gesamtwirtschaftlichen
Entwicklung) (2009), 184.
Cp. Meadows et al. (1975), p. iii.
Launched in the lecture to the American Economic Association in 1974, cited e.g. in Daly (1992), p. 117.
1
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The following pages are designed to broaden the horizon or at least to have an alternative
standpoint at hand to derive and monitor ongoing policies, as the author is of the view that
a reconsideration of the LTG is justified. As Simmons put it:

“In hindsight, the Club of Rome turned out to be right.
We simply wasted 30 important years by ignoring this work.”5

5

Simmons (2000), p. 72.
2
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2 Recapitulation

2.1 The main message of “The Limits to Growth” in a nutshell
The argumentation of the LTG is straightforward and evolves out of a few foundation
stones:6
First, the earth is finite. It is a closed system7 which does not exchange matter with its
surroundings, only heat and energy.8
Second, within this closed system, planetary sources provide material and energy for
anthropogenic exploitation while planetary sinks absorb pollution and waste. For
sustainable economising, there is an upper limit for the productive capacity to provide
natural resources and the absorptive capacity to digest pollution. Extracting resources
above the regeneration rate implies living on capital, not interest. This overexploitation
results in both a smaller stock and a smaller flow to live on in the future. The same holds
for the absorption capacity. If more pollution is added than the ecosystem can
decompose, the source and sink side will be negatively affected. Pollution above the
decomposing rate leads to both a reduced production and absorption capacity, as the
excess pollution degrades the functioning of the ecosystem.
Third, the upper limits on the side of sources and sinks constitute limits to throughput for
the global economy. These are the LTG, which mean a limit for global economising under
the overarching goal of long-term sustainability.
Fourth, the limit to throughput constitutes indirectly a limit for the absolute size of the
global economy. In a finite world nothing can grow infinitely. An additional challenge is that
growth of people, production, energy, consumption and pollution appear to be
exponential; this has important consequences for the limits of throughput. Even when
growth rates decline after decades of exponential growth, added absolute increments –
which are key for the productive and absorptive capacity – often rise as the bigger base
overcompensates for the smaller percentage.
Fifth, once the limits are surpassed, the economy is in a state of overshoot and can stay in
this mode for a prolonged period without an immediate breakdown. The excess of flows
are paid for by a deterioration of stocks of both the capacity to produce resources and the
capacity to absorb pollution. The problem for the global economy is that the overshoot
mode is distributed across time and space; this is not the case e.g. for a sprint in sports.
Assume a sprinter using running shoes without spikes. After running just 100 m the
human body is already in overshoot mode, meaning that the running is not sustainable
given the upper limit of oxygen provided through respiration; the body has to get additional
6
7

8

Cp. Meadows et al. (1975), passim and Meadows et al. (2004), passim.
A closed system is opposed to an open system, which exchanges matter and energy with its outside, and
an isolated system, which exchanges neither.
Negligible exceptions being the occasional meteor and satellite crossing the earth’s stratosphere.
3
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oxygen out of the blood circulation and this is called the oxygen debt. Behind the finish
line the sprinter experiences the temporary ‘breakdown’; he is below his usual ability to
walk and intuitively does the right thing: pauses for a moment and breathes strongly in
order to pay back the oxygen debt. Thereafter, the sprinter is back to his initial condition,
i.e. he can walk many hours with normal speed.
The aforementioned analogy results in the sixth point: To avoid overshoot, one has to do
two things. The nearest consists in investing in technology, e.g. to ‘invent’ running shoes
with spikes. This allows running the same speed with less input, albeit, as will be shown
later, there is no guarantee that technology leads to this outcome. It could also be that
technological improvements lead to even higher extraction rates, e.g. the sprinter aims to
run faster and faster. The other topic on the agenda is to follow two concepts of “enough”,
one being associated with average material consumption, the other with global average
family size. When the relevant time span that matters is 10 seconds, it is sensible to run at
the highest possible oxygen debt (knowing of course that help is at hand the globe does
not have, e.g. external physiotherapists). In case the relevant time span is – following
sustainability – unlimited in principal, one should use a speed compatible with the
throughput provided by the respiratory intake of oxygen.
Lastly, the authors of LTG warn that at present the global economy is in a state of
overshoot and measures outlined in the sixth point need to be taken. The earlier it is to
have change in physical and social necessities, so much the better.

2.2 Elements of the discussion reconsidered

2.2.1 The economic process
Economics tries to explain anthropogenic economic processes to create or exchange
goods. As all exchanged goods needed to be created earlier as well, it is the production of
new goods for mankind that is the cornerstone of the discipline. In a standard production
function, input tools like capital (K) and labour (L) are needed to create a useful output (Y),
which is commonly mathematically noted as:

Y = f ( K , L)
This production function certainly serves many purposes well, especially the modelling of
the flow of the production process. However, it can lead to a state of unawareness
towards the overall consequences of economic activity.
Initially, to model a production process helps to explore activities in the real world. But one
need not confuse the model with the real world. The more often one reads the above
formula, the higher the inclination is to interpret it as a true reflection. To put it differently:
A feedback loop is at work through which the model shapes the line of thinking of the
ambitious researcher. In this way, modelling does not only reflect the stance as the
4
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researcher sees the world, but influences it as well.9 In other words, modelling is a tool to
understand the world and it is a construction through which scientists see the world.
When approaching ecologically minded economic reasoning, one needs to think outside
the box of at least three important elements of economics which lie at the centre of
mainstream theorising and provide the basics for advocates of business as usual, namely:
The production function, technological progress, and the possibility of substitution. While
the last two are covered in sections 2.2.3 and 2.2.4, the text will turn to the first one now.
The problem with the standard production function is that it is a flow function drawing from
unlimited stocks. Capital and labour are, although at times scarce, never truly limited. And
their stock does not shrink from overexploitation. Capital cannot be overused. Although
labour can be overused, this case is usually treated as an exception. And if it is –
abstracting for now from the hardship associated with it – then it principally occurs only
when excess supply is at hand to provide replacement so that the stock in the production
process is unaffected.
This stance fails to fully appreciate the characteristics of natural resources. Improper
conclusions follow; the central one being that natural resources do not impose a principal
constrain to economics, as service economies consume supposedly less resources at
higher wealth levels. The faith in the principal independence of human activity from natural
resources is decades old and is at the core of orthodox economic reasoning.10 Already
over more than three decades ago Georgescu-Roegen complained:
“One must have a very erroneous view of the economic process as a whole not to see that
there are no material factors other than natural resources. To maintain further that <the world
can, in effect, get along without natural resources> is to ignore the difference between the
actual world and the Garden of Eden.”11

And indeed, as long as natural resources are not depleted and overexploitation and
excessive pollution do not lead to a reduced stock and diminishing future flows, the
Garden of Eden is close, however, economic processes work differently on earth. Chart 1
depicts the outer frame of the economic process. It is not claimed here that this view
should substitute for equations like Y = f (K, L), which are undisputed for many relevant
questions. Rather, it is argued that for certain issues a different viewpoint could be
beneficial, at least to enrich the plurality of views under evolutionary aspects.

9

10

11

Of course, few may see it exclusively in a Friedmanian view, that it does not matter whether a theory is
right or reflects the real world appropriately, what matters is its predictive power.
The expression ‘orthodox economic reasoning’ describes the stance that following a business as usual
approach is advisable, as market forces can prevent any scarcity. Orthodox economic reasoning can be
seen inter alia as believing that the market mechanism contains an inherent wisdom, takes everything,
e.g. stocks and flows, into due consideration, is rooted in and mirrors the physical world appropriately and
is independent of the institutional setting. Alternatively, the market mechanism can be seen as being
dependent, i.e. a tool, of the institutional setting and its outcome, which are a result of human (short-run)
valuations and not necessarily of physical realities.
Georgescu-Roegen (1975), p. 361.
5
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Chart 1: The economic process
On the source side, initial input factors are renewable and non-renewable resources.
Capital and labour are tools to transform resources into manmade goods. Economic
activity itself sets free waste which counts against the sink potential, and at the end of the
lifetime of goods, the latter add to the amount of waste, too.
As will be discussed later in section 2.2.2, important negative feedback loops need to be
observed. Both overexploitation and excess waste reduce the capacity of the sources and
sinks to perform their tasks. Instead of seeing pollution and waste as side effects, coined
negative externalities, one has to see them in a long-term context.12 Waste belongs to the
economic process as well as the actual goods:
“Economists still do not seem to realize that, since the product of the economic process is
waste, waste is an inevitable result of that process.”13

Thus, the interplay of flows and stocks is of the essence. Starting with the addition of
resources (R) as inevitable input and waste (W) as unavoidable output, one gets:
Y + W = f (K, L, R). As natural resources can be overused and excessive waste has a
negative bearing, too; and as natural stocks are dependent on past exploitation, one can
state: Natural Stocks = f (R, W). Excessive usage of sources and sinks in current periods
jeopardise future production possibilities. The problem of possible overshoot modes is that
the overshoot can be hidden while often, visible consequences in R only come into play at
a later stage, but with increased might. Then, all credit has to be paid back at once, like
the sprinter after reaching the finish line after 100 m. The LTG has a central message
similar to this: Even if the business as usual can be prolonged, complacency should not
be the guide as the situation cannot be sustained for too long. The earlier the current
economic process is changed, the less will be the fall when the negative feedback loop
kicks in.

12
13

Cp. Skala (1999), p. 100.
Georgescu-Roegen (1971), p. 19.
6
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2.2.2 Sustainability
The chosen economic activity of individuals and society alike is very much dependent
upon preferences concerning the time horizon and the geographical outreach. It happens
to be that the majority of people in the world are mainly concerned about the immediate
future and the close vicinity covering families and friends. Reasonable as this may be, it
leads to economic behaviour in which consequences for future generations and distant
regions are of minor relevance. In this way, it pays for someone to enter the overshoot
mode and if the ‘pay back period’ can be left to others, preferably not yet born. In the
sprinter example above, it is as if one could sprint for a lifetime and leave the excessive
respiration period to pay back the oxygen debt for others who follow.
The counter-programme involves self-imposed restrictions in the present to save
prospects for the future. This is the backbone of the sustainability principle. Realised
sustainable policies in history include e.g. the “nachhaltige Forstwirtschaft” (sustainable
forestry) introduced in Germany in the 15th century. Sustainability is the underlying maxim
of the LTG published in the early 1970s, in which the authors laid down the measures
necessary to stabilise food per capita and industrial output per capita and to prevent the
collapse, i.e. the pay back period, which follows a prolonged overshoot. However, it took
another 15 years to popularise – not to follow, which is still to come – the idea of
sustainability among a global audience. A report by the WCED (World Commission on
Environment and Development) under the auspices of Ms. Brundtland entitled “Our
Common Future” – the so-called Brundtland Report – coined one of the most famous
definitions of sustainability:
“[Sustainable development] meets the needs of the present without compromising the ability of
future generations to meet their own needs.”14

Its two central features are the overarching goal of long-term conformity of economic
process and the will to accept self-imposed limits to throughput in present times. As
encouraging as this milestone has been, it needs to be concretised.
As seen in Chart 1, sustainability checks are necessary, strictly speaking, for three items:
At first, renewable resources, which is the one most easy to meet as these resources can
regenerate themselves and human impact is more visible. Secondly, non-renewable
resources15, which is the most difficult one as they cannot be replaced by the natural
system itself. Their consumption in the current economic process unavoidably diminishes
their future use.16 It follows that the extraction of non-renewable resources has to be
limited also by means of ethical valuations.17 The only anthropogenic possibility of
‘increasing’ the available stock of non-renewable resources is the recycling of material.
Useful as this is, however, the recycling rate is always below 100 percent. In the third
14
15

16
17

WCED (1987), p. 24.
Theoretically, some non-renewable resources like oil are renewable, albeit the regeneration rate of oil is
so slow that it is strictly irrelevant for any human economic activity.
Swaney (1994), p. 200 f.
Dietz and Straaten (1992), p. 42 f.
7
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place, the absorptive capacity of the sink side has to be observed, as there is an upper
limit for the capacity to decompose pollution and waste. The tricky issue at work here is
that one impact might trigger a series of unexpected consequences. As Swaney put it:
“Wastes not only reduce the assimilative capacities of natural systems, but also disrupt other
environmental functions. Pollution and resource exploitation disturb natural systems, setting off
myriad feedbacks within and between them, and reducing their capacities to deliver
environmental services.”18

Daly put forward three conditions for a sustainable economic process which relate to the
sources side, namely renewable and non-renewable resources, and the sink side of all
economic processes. Following them, one can postulate that:19
1.

Renewable resources should be exploited in a manner such that harvesting rates do
not exceed regeneration rates.

2.

Non-renewable resources should be depleted at a rate equal to the creation of
renewable substitutes.

3.

Waste emissions should not exceed the renewable and absorptive capacity of the
environment.

The first and the third condition are intuitively sensible and have the additional advantage
that they could – in principle – be followed on short notice. The second condition,
understandable as it is, however, is the toughest one to follow, as it is hard to imagine
substituting a present day car for a Flintstone-like vehicle after exchanging its metal
components and its oil-based plastic components for a renewable resource like wood.
This dilemma can be dealt with in three different ways. First, one can deny the constraints
of non-renewable resources or argue in favour of an ‘angelised’ future economy which
relates to the assumption that service societies consume less and less resources.
Second, one can arrive at the insight that nothing on earth is truly infinitely sustainable
(see entropy section below). Third, one can take a pragmatic stance and modify condition
2 as:
2b.

In the immediate absence of a possibility to create renewable substitutes for
exploited non-renewable resources, the latter should be depleted at the lowest
possible rate following the minimising principle of economic efficiency.

Then, sustainability is not asked to hold infinitely. Rather, due to no other viable options,
the economic process is seen as sustainable if it can last over a considerably long time
horizon involving as many future generations as possible, if it does not contribute to the
overshoot mode and does not result in an overshoot-typical collapse. The sustainable
scenarios presented in the LTG have a pragmatic stance towards non-renewable
resources as even there available resources decline, albeit with a decreasing rate of
depletion.

18
19

Swaney (1994), p. 203.
Daly (1993a), p. 271.
8
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2.2.3 Technology
Technological progress has been set in place as the knight in shining armour for all future
related scarcities and other problems. Typically, its foreseen effects are biased, as it is
frequently assumed that technological progress improves the efficiency of inputs, meaning
fewer inputs for a given output. This exclusively optimistic take is, however, not warranted.
Indeed, technological progress is a double-edged sword. It also works conversely,
meaning more output for a given input or even more input for a different output. While
mathematically, following the minimising and maximising economic principal, both result in
improved efficiency; it has considerably different effects in a finite world in which extended
flows could have a negative bearing on sustainability.
A fishing ground serves as a good example. Initially ten boats harvest ten tons in a period.
Technological progress then improves the catch per boat, e.g. through a new sonar
technique. Applying the minimising principle then could lead to a situation in which only
five boats are needed to fish ten tons of fish. On the other hand, however, the maximising
principle could lead to ten boats catching 20 tons of fish. And if new technology would
lead to new and cheaper materials for the boat construction industry, the outcome could
as well be that twenty boats are able to fish 40 tons of fish. Although the efficiency gains
of the minimising and maximising principle are the same, the implications are completely
different, as the latter case could lead to a departure from sustainable economising in
case the 20 tons of fish are above the marine reproduction rate.
Another example is the car industry. On the one hand, technological progress should lead
to ever more fuel efficient motors. With a given output (driven kilometres), overall fuel
consumption of the economy should decline. On the other hand, this is just half of the
story. Technological progress also leads to a more mobile society in general, more
comfortable driving, and more affordable motors with increased cubic capacity and
horsepower. The consequence of both is an increase in the fuel consumption of the
society. The latter growth effects could easily offset the former efficiency effects.
This is another important lesson too often overlooked: Technological progress helps not
only on the saving side, but is likewise a device resulting in an increased consumption.
For the sustainability of the economy, more efficient motors are of little help when at the
same time the growth effects of bigger engines, faster acceleration capacities and more
kilometres driven overcompensates the effect of the former and ultimately lead to a higher
fuel consumption. Growth effects happen to be larger than the efficiency gains. This fact
contrasts the often repeated believe that efficiency gains, i.e. technological progress, are
an undoubted solver of resource constrains. As the OECD (Organisation for Economic
Co-operation and Development) put it in a fully-fledged analysis of the state of the
environment:

9
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“The increasing pressure on the environment from population and economic growth out-paced
the benefits of any efficiency gains.”20

To sum up, the often repeated cure from technological progress, already mentioned in the
1970s as the main perceived counter-argument against the line of reasoning of the LTG,
has so far still to prove to work in favour of aggregated savings.
Another beneficial effect of technological progress on non-renewable resources has to be
pointed out: It increases the stock of exploitable reserves, usually in conjunction with a
higher price level. The usual line of reasoning is that in case of scarcities prices rise,
which in turn enables the development of new technologies to find and extract new stocks
of resources, albeit it has to be kept in mind that technological progress can only increase
the usable stock and not the amount of total resources hidden in the earth’s crust. While
indeed new exploitable stocks are being found with new technology, it cannot be taken for
granted that the correlation between exploration expenses and new stock size is constant
over time. As will be shown in section 4 it is quite the opposite. As time passes it is ever
more difficult to find new stocks leading to increasing marginal exploration costs while on
the other side the average size of a new found stock is usually diminishing.
In addition, arguments like “every oil demand can be satisfied, just the price needs to rise”
are pointless, as there is an identification problem between supply and demand in the
market process. With rising prices demand usually declines21, leading to less need to find
new stocks. One could easily imagine e.g. that oil reserves will last for more than 1000
years to come, provided that the oil price per litre increases to 1000 euro. But this is in
essence truly something very different than the opinion that oil stocks can cater to every
demand at present times providing that market forces are free to act.
Nevertheless, technological progress has been proven to be powerful and necessary. And
this unites both camps – contrary to popular belief – of the optimists of business as usual
and the circumspect critics of current business. The only two differences are that the
former postulate that technological progress will appear from somewhere right on time
and before a major crisis needs to be resolved and that technological progress always
works in favour of reduced throughput.
Contrary to that, the considerate critics underline that it is not a given that technological
progress will be in place before a problem needs to be resolved and that therefore a more
cautious economising in the present is necessary. Technological progress is seen as a
necessary but not sufficient condition. Technology in itself does not create efficient use of
resources; rather, the institutional setting provides the frame in which technological
progress occurs, leading to either reduced or increased throughput.

20
21

OECD (2008), p. 27.
But even this cannot be taken for granted, as on a global scale and over a decade rising prices do not
necessarily lead to declining demand. See Simmons (2008), p. 9.
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2.2.4 Substitution
Substitution is another mechanism to circumvent a scarcity. However, a scarcity should
not be confused with scarcities. On a micro scale, if one resource is becoming scarcer
and dearer, another resource with similar characteristics might be at hand to substitute for
it. While this works for one or few scarce resources, this is of little help if the world is
facing scarcities on a broad scale. Herring might be substituted for codfish. But when
herring and codfish have been brought close to extinction, the possibility of substitution is
constrained. Likewise, the substitution of land areas for different purposes faces
restrictions. Individually seen, scarcities in grain, trees, and ores extracted in open pits
could be circumvented by extending open pits into food producing areas, substituting
forest for grain fields or reforesting open pits. But this substitution of purposes is no
solution in case the world faces simultaneously a food, forest, and ore crisis.
As will be shown later, evidence exists that the stress on biodiversity is already above
sustainable levels. Other examples of the limits of substitution as a remedy for scarcities
are the use of corn as a staple food and in the production of alternative gasoline, and the
multiple use of oil for e.g. fuel and plastic components. If there were just one scarcity,
namely of oil, it is possible to circumvent that problem to some extent with the partial
substitution of corn for raw oil. But this cure is jeopardised once there are two scarcities,
food and oil, at the same time. Likewise, oil is used for a whole range of products. Metal
elements could be substituted by oil-made plastic components. But as oil is scarce as
well, substitution does not necessarily constitute a ‘deus ex machina’.
In a nutshell, the world is smaller once facing different scarcities at the same time as
double or even multiple counting of potential stock extensions has to be accounted for. A
central message of the LTG is the warning against the simultaneous presence of different
scarcities. Substitution has its limits, too.

2.2.5 Overshoot
As outlined in the section on sustainability, an economy is in an overshoot mode once the
productive and/or absorptive capacities of the natural sources and sinks are exceeded (for
non-renewable resources excessive exploitation is present once extraction rates inhibit
the continued usage for many generations to come). Being in overshoot is incompatible
with sustainability and jeopardises in one way or another future possibilities. In any case,
overextraction of resources and excessive pollution backfires as supply quantities in the
future are being reduced simultaneously. Ultimately, the overshoot situation beyond the
earth’s carrying capacity is reversed in a collapse of the system. Two collapse scenarios
are possible in principle. First, in the case mankind can live in an orderly manner with a
reduced throughput, which is below the reproductive capacity of the earth, the world would
recover over the long term. Second, in the case mankind does not have significant
possibilities to reduce the throughput in an orderly manner, e.g. because the acceptable
minimum consumption for the then encountered size of the population requires the
11
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extraction and the pollution not to fall below the reproductive capacity, a full-blown crisis
resulting in the destruction of social institutions in many countries and ultimately in a
reduction of the world population forced by global scarcities would follow.
An important reason for the unreckoned appearance of the overshoot is the pattern of
growth. Growth of population, production, consumption and pollution happen to exhibit an
exponential pattern over many decades. The challenge of exponential growth is that it
leads ultimately in a finite world to a very sudden depletion of resource stocks and flows.
And the higher the growth rates the shorter the doubling time; e.g. a growth rate of ten
percent implies ceteris paribus a doubling time of just seven years. This has severe
implications for the necessary quantities of input factors and the demand on absorptive
capacity. Challenges are further exacerbated by super-exponential growth where
exponential growth is coupled with a growing rate of growth itself; this had occurred e.g.
with population rates.
This taken together has an important consequence: Exponential growth has the ability to
very quickly eat up all possible new discoveries of resource stocks. A doubling of the
resource stock is not doubling the number of years the resource is available. The ‘Limits
to Growth’ of Meadows put forward the following illustrative calculation: While chromium
reserves are expected to last under constant then exploitation rates for 420 years, they
will be depleted with exponential growth in just 95 years. If one is to assume that
technological improvements will result in new discoveries of chromium increasing its stock
by 500 percent, this will merely increase the lifetime of the reserves by meagre 59 years
to 154 years altogether. And even if the technological progress by then makes it
theoretically possible to mine 500 percent of the 1974 known stock of chromium, this does
not mean that it is economically feasible, as sky-rocketing costs and prices will act as an
additional barrier, reducing the de-facto lifetime of a resource further (see section 4). It
follows that the precise size of a given resource stock is not so important after all.22
Another problem with the overshoot is that it can be hidden for a considerable time before
a collapse of the economic system materialises. The (unintentional) means of hiding is the
export of pollution and import of resources. By now it is commonly known that the
depletion of the ozone layer is a global problem, driven by amounts of released CFC
(chlorofluorocarbons) as waste which clearly exceeds the capacity of the sink. Both the
export of this waste and the time-lag lead to a considerable camouflage of the impact on
the waste producer, which leads to a false sense of security amid the overshoot.
But imports, too, are very important ways to circumvent – and possibly exceed – a
region’s reproductive capacity. The expansion of global trade volumes not only allow for a
more efficient global economy, but are the means by which countries trade reproductive
capacity and biodiversity (this terminus is furthered in section 4); e.g. when a region
consumes more resources than can be provided within it, it could import the excess
quantities (which are above the regions regenerative capacity) from abroad. As long as
22

Cp. Meadows et al. (1974), p. 71.
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export countries have, given their population, enough resource buffers, trade is beneficial.
Once this is no longer the case, trade creates an opportunity to run an overshoot in
exporting countries, too. The more segmented markets are and the more chains the ‘value
chain’ has, the better hidden the overshoot is.
Avoiding overshoot, and, respectively, returning from overshoot is of the essence. The
principal rules to follow are Daly’s three rules which relate to the source and the sink side
or – put differently – to nature conservation and pollution control.23 But it might be helpful
to focus also on the underlying factors which drive the consumption of natural capacities.
The three most important factors can be illustrated by means of the Ehrlich-Equation:24

I = P × A×T
In this equation, the anthropogenic impact on the environment (I) is a function of
population size (P), the consumption per capita (A for affluence) and the employed
technological efficiency (T). Thereafter, to minimize the impact on natural capacities on
the side of sources and sinks, the following measures help: Moderating population and
consumption growth rates and increasing technological progress.25 As P and A are usually
outside the immediate realm of policy makers, researchers and technicians, the policy
instruments boil down to just one: With autonomous growth of population and
consumption per capita, the only counterbalance at hand is technological progress (T)
leading to a lower resource throughput. Thus, in T lies an essential potential medicine, put
forward e.g. in the contribution ‘Factor Four’ by Weizsäcker et al. in 1997.26 Although the
Ehrlich equation seems to be more useful for pedagogical purposes, it is in fact used also
empirically, e.g. for the calculation of the ecological footprint27, which is explained in
section 4. The LTG have the Ehrlich equation in mind28, too. But instead of letting loose P
and A and arguing that the right T can handle everything, they admonish that progress in
T is not enough and that changes in the institutional setting is required as well, as the
moderation of P and A is a conditio sine qua non for the escape out of overshoot.29

2.2.6 Entropy
Sustainability with the time horizon of infinity is impossible. This should not lead to agony,
but rather to a better understanding and (maybe) to a change of mankind’s stance
towards economising. And indeed, sustainability for a very long time horizon is possible
and this should be targeted. However, it is insightful to appreciate the general principals of
23
24
25

26

27
28
29

See section 2.2.2.
See e.g. Chertow (2001), p. 15.
As explained earlier, technological progress can work in two ways and helps only when it is applied to
serve the minimising principle.
The subtitle of Factor Four, namely ‘doubling wealth, halving resource use’ is hinting at T, A, and I.
Meanwhile, the update ‘Factor Five’ went to press.
See e.g. Hails (2006), p. 21.
See also Ehrlich and Ehrlich (2009), passim which reveals more analogies.
Meadows et al. (2004), p. 11.
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degradation of usable resources. That is where entropy comes into play. Unfortunately, to
come to terms with the fact of physical degradation is not easy. As Daly put it:
“Unfortunately for the politic economics of growth, it is not the uniformity of matter-energy that
makes for usefulness but precisely the opposite. If all materials and all energy were uniformly
distributed in thermodynamic equilibrium, the resulting ‘homogeneous resource base’ would be
no resource at all. It is nonuniformity – differences in concentration and temperature – that
makes for usefulness. The mere fact that all matter-energy may ultimately consist of the same
basic building blocks is of little significance if it is the potential for ordering those blocks that is
ultimately scarce, as the entropy law tells us it the case. Only a Maxwell’s Sorting Demon could
turn a lukewarm soup of electrons, protons, neutrons, quarks, and whatnot into a resource. And
the entropy law tells us that Maxwell’s demon does not exist. In other words, nature really does
impose ‘an inescapable general scarcity,’ and it is a serious delusion to believe otherwise.”30

So, entropy is an index of the relative grade of energy and matter which are no longer
usable for mankind.31 According to the second law of thermodynamics32, the total entropy
of any isolated thermodynamic system tends to increase over time, approaching a
maximum value. From their compact deposits, resources are transformed in the economic
process and turned into usable goods. Due to friction, these formerly compact resources
are then slowly disintegrated atom by atom. In this way, the ‘disorder’ increases and the
amount of entropy increases, as the usable resources are turned ultimately into unusable
ones. Principally, this process cannot be reverted. The reuse of a resource might be
possible, but only for a price of a degradation of another one, which still increases total
entropy. These used resources cannot be recollected again. They are lost. To
complement the second law of thermodynamics focussing on energy, Georgescu-Roegen
proposed a fourth (quasi-)law of thermodynamics stating that the amount of usable matter
is declining, thus matter-entropy is steadily increasing towards a maximum. In this light,
the task is to keep degradation at a minimum, as similarly outlined in the sentence 2b
within chapter 2.2.2.

30
31
32

Daly (1993b), p. 19. See also Daly (1992), chapter 5.
Seifert (1994), p. 189.
For a more detailed presentation of the concepts of entropy and the laws on thermodynamics in respect
to economics see Georgescu-Roegen (1971), passim, Georgescu-Roegen (1975), passim, GeorgescuRoegen (1993), passim, Boulding (1966), passim, and Peet (1992), passim.
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3 Resources and the market mechanism

3.1 General thoughts
Many examples of market failure or suboptimal outcomes for players in a market are
known among scholars. They include e.g. the ‘market for lemons’ describing a latent
danger of market breakdown33, the ‘cobweb theorem’ of pig cycle, showing that supply
quantities can oscillate around the market clearing amount – possibly with increasing
amplitude – without ever reaching it34, the ‘prisoner’s dilemma’ making it individually
rational to defect from cooperation in search of higher payoff but ultimately leading to
social (and individual) irrational outcomes35, and ‘externalities’ leading again to a
deterioration of social utility due to individual decision making.36
These examples are, however, certainly not meant to argue that – all in all – markets do
not provide very valuable service in the economic system or that the market based
economy should be replaced by other coordination structures. In addition, market failure
does not indicate that the state can do it better, it is consensus that the risk of state failure
is deemed to be higher than of market failure.
However, one need not be complacent. Although there exist measures to circumvent
some sort of market failure – which, albeit, have shortcomings of their own –, markets are
neither omnipotent nor do they have build-in genes to safeguard the world. They are
driven by human preferences, but nothing can ensure that these exhibit a sustainable
pattern, as private bankruptcies and short-sighted corporate incentives and actions do
occur.
As Meadows et al. put it:
“They [technology and markets] are simply tools. They have no inherent wisdom or
farsightedness or moderation or compassion than the human bureaucracies that create them.
The results they produce in the world depend upon who uses them and for what purposes.”37

Markets are, like technology, will-less tools. A scissor of the gardener could be used for
more efficient gardening or to harm the neighbour. The way the market and the scissor
are used depend on the institutional setting of the economy – with a good setting, both
work well. This limitation is a hard constraint, as beneficial changes in market outcome
depend upon changes in social preferences which are hard to imagine if they involve a
certain degree of abstinence in production and consumption, i.e. the throughput in the
present to allow for growing perspectives in the future. On a global scale, mankind tends
to have a strong preference for the present and is not likely to forego throughput
possibilities now. This has worked well for past decades. But in case the overshoot mode
33
34
35
36
37

Cp. Akerlof (1970), passim.
Cp. Ezekiel (1937), passim.
For an overview of this topic see Leinfellner (1986).
Cp. Pigou (1920), passim.
Meadows et al. (2004a), p. 228.
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is a reality, at some point in time the global economy will be hit by its own actions in the
past. Today’s run-to-the-limit in the fishery industry is a good example. The underlying
forces at work are explained in the following subsection. A principal outcome is that even
a functioning market mechanism might not be in a position to avoid overshoot, as markets
tend to reflect flow scarcities and not stock scarcities.

3.2 Why resources can be depleted with the market: Four illustrative examples
The regenerative system can easily be set on track of a prolonged decline. Some simple
assumptions suffice to show a collapse of a sustainable environment, a famous example
of which has happened in the Cod fishery industry of the Canadian east coast.
Simulation #1 – A sustained extraction shock
In period t=1 to t=10 the system comprises of 100 entities (e.g. fish) of a renewable
resource, the reproduction rate is 5 percent and equals the extraction rate. In t=11 a
sustained extraction shock hits the system. From then on, 8 percent of the stock is
harvested in each period. Reasons might be e.g. a shift of the workforce into the
respective sector or technological progress allowing a greater harvest with the same input.
From then on, the system is in overshoot mode (see Chart 2).
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Chart 2: Resource depletion #1: A sustained extraction shock
The extraction flow (red line) is above the reproduction flow (green line). Although the gap
is small and almost negligible in each period individually, the result is a prolonged and
sizeable decline of the stock (blue line). As the initial stock is large at the beginning and
the overextraction per period small, people might find it hard to detect and concede the
overshoot mode. But once the overshoot is visible, e.g. when a reduction of the stock to
20 percent is realised, people might find it hard to learn that they have been in overshoot
already for 50 periods without noticing it. The orange dotted line visualises the effect on
prices, assuming the demand function: p = 10 – x; the violet dotted line graphs the
turnover. For the latter constant costs are assumed, e.g. the costs of a ship and sailors for
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8 hours on the sea are independent of the actual volume of the catch, and thus not taken
into consideration. The excess demand in t=11 initially leads to a drop in prices and
turnover. However, as the volume of the catch declines from then on, prices steadily rise.
Turnover quickly recovers and reaches its initial levels around t=25 as the price rise
overcompensates for the loss in quantities. However, as prices approach prohibitive
levels, and the extraction flow dries out, turnover dives to marginal levels as well.
Simulation #2 – A sustained extraction shock after a demand shift
Resource depletion simulation #2 (see Chart 3) differs from the previous case only in one
element. In t=11 a demand increase due to population growth, new export possibilities or
the sale of fishing concessions to foreigners leads to a shift of the demand function from p
= 10 – x to p = 13 – x.
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Chart 3: Resource depletion #2: A sustained extraction shock after a demand shift
As the evolution of stock and flows remains the same, price and turnover do not drop as
the excess extraction is accommodated for. Prices steadily increase while turnover shoots
up to 60 percent overnight and stays above the initial level for a protracted period of time.
Looking at the turnover creates another case for a false sense of security. The possibility
of above ‘normal’ turnover for around 40 periods creates the illusion of a sustainable
economising of the resources. Once the turnover returns to initial levels, people might be
caught off guard with the fact that the stock has been depleted by already 70 percent.
Even then companies in that sector might incorrectly think that the initial stock was
unnecessarily high as the same turnover could be produced with much less stock.
However, if nothing changes, society will discover in t=100 that the stock has become
almost extinct as 94 percent of the initial stock will have vanished.
Simulation #3 – A hare-hedgehog game with increasing extraction rates
The actual entities of harvest diminish steadily in simulation #1. However, it is reasonable
to assume that fishermen will react to this with an increased effort to catch more, as
people onshore might ask for a minimum amount of entities of food. Simulation #3 takes
this into account and adds to simulation #1 the following rule: Whenever the extraction
17
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flow falls under 6 entities, fishermen will increase their effort and harvest an additional 3
percentage points of the remaining stock. The result is plotted in Chart 4, which resembles
a hare-hedgehog game. As extraction entities keep on falling below a threshold, an ever
increasing share of the remaining stock has to be harvested.
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Chart 4: Resource depletion #3: A hare-hedgehog game with increasing extraction rates
With this measure, the extraction flow can be kept for some time above sustainable levels,
while price and turnover yo-yo down and up to initial levels. In the meantime, the resource
stock comes under substantial stress. The price starts to increase markedly only in t = 35.
This surprised price spike is then followed two periods later by a short and drastic fall in
turnover as the resource stock approaches extinction, which can be assumed for t = 50 as
99,999 percent of the initial base will have been depleted by then. Simulation #3
visualises that certain markets – by and large – do not reflect stock scarcities but just flow
scarcities. Only after flows diminish do prices spike; but this surprise spike is only an
indirect and too lagged indicator of stock conditions.
Simulation #4 – A hare-hedgehog game with increasing extraction rates after a demand
shift
Simulation #4 combines the assumptions of cases 2 and 3, and is probably the most
dangerous scenario. Whereas in simulation #3 large swings in prices and turnover could
be interpreted as a warning signal, these are absent in this case due to an additional
demand shift (Chart 5). Prices and turnover oscillate mildly above initial levels for over 25
periods and induce an illusion of sustainable economising. This continues up to the period
in which even an ever increasing extraction rate cannot guarantee a steady flow of
entities. A sudden breakdown of resources and the industry occurs in just 10 periods.
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Chart 5: Resource depletion #4: A hare-hedgehog game with increasing extraction rates
after a demand shift

3.3 The market and ecological economics
An understanding of the nature of standard economic thought is of the essence for the
approach to why markets and market prices have no inherent compass to deal with stock
scarcities, overexploitation and overshoot.38 The following points can be made:
To start with, two Aristotelian principles can be singled out, the chrematistic and the
oikonomic. While the chrematistic principle can be defined as ‘the orientation of economic
cognitions, decisions and actions on the maximisation of the exchange value
production’39, the oikonomic principle can be regarded as ‘the orientation of the economic
cognitions, decisions and actions on the true productivity of nature’.40 As the economic
thought bends much to the chrematistic side, the ‘true value’ is by default per definition set
on par with the ‘exchange value’ while the ‘intrinsic value’ has been neglected. The
exchange value driven economy dominates the discussion in such a way in that it views
itself as corporative objectivity, while its valuations are regarded as a law of nature
validity.41 But indeed, the true value does not necessarily evolve out of the interplay of
supply and demand, as numerous unsustainable market breakdowns show. It cannot be
taken for granted that the ‘optimal’ exchange value equals the conditions for e.g. biological
regeneration.42
Here the difference between flow and stock quantities comes into play. The price
mechanism principally adjusts for supply and demand flows, not stocks. One major reason
why market prices, especially for non-renewable resources, deviate from ‘true prices’ is
38
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This is definitely not to say that any alternative coordination system opposed to the market economy
could do better.
Cp. Immler (1989), p. 40.
Cp. ibid. (1989), p. 42 and p. 45.
Cp. ibid. (1989), p. 39.
Cp. Bürgenmeier (1996), p. 406.
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the fact that future generations cannot take part in the bidding, they merely reflect the
supply and demand conditions of current generations.43 And the temptation is high for
every current generation to free-ride on future prospects. In addition, market prices do not
include values of resources which are still unused. As outlined earlier, open questions
about sustainability are treated with the ‘hope principle’, i.e. with the reference to future
expected technological progress. Contrary to that, an ethical version of the categorical
imperative would do without the ‘hope principle’, limit actions of every generation and
could be formulated as: ‘Act with your property rights on natural resources as if the maxim
of your intentions could be at anytime as well a principle of a general, supra-generational
legislation.’44
There is no reason to believe that the market value of throughput, i.e. flow quantities,
automatically reflects the limitations given by the sources and sink functions of the
providing system, and this is not only a question of undefined property rights.45
Overexploitation is not only a problem which can be appropriately understood as
externality of markets.46 It principally holds that
“The impossibility of using machinery that produces no waste is […] an inherent limitation of the
human nature.”47

Overexploitation is a consequence of the chosen technology in a production process48,
and it does not vanish automatically after paying a ‘market price’ for it and/or possessing
the relevant property rights. An omnipotent altruistic world ruler as a theoretical construct
could indeed hypothetically overlook all privately driven market deals to ensure
sustainability, but that is exactly what the market does – supposedly – not need. If one is
no longer in a situation of the first best, e.g. in a situation in which the extraction of
renewable resources do not exceed its reproduction capacity, it becomes economically
rational from an individual perspective to join the socially irrational race to the bottom, as
was exemplarily shown in the four resource depletion examples from section 3.2. If the
individual finds out that all others do not play by sensible rules, there are principally two
possibilities: Either one harvests according to sustainability standards and earns less than
the peer group with the effect that the savings will be eaten up by the competitors, or one
acts as the others and earns the same. In both cases overshoot and breakdown are
inevitable, only the second option is economically more attractive. This inherent drive
might be phrased as ‘theory of the second worst’.
Although markets serve very well their allocation function by and large, a further problem
can be located in the use of ‘demand’. Demand has to be split into solvent demand and
insolvent demand. Whereas the market functions to equalise supply with solvent demand,
43
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Cp. Seifert (1994), p. 197.
For the categorical imperative see Kant (1995), p. 53.
Cp. Skala (1999), p. 109.
Cp. Bürgenmeier (1996), p. 395.
Georgescu-Roegen (1993), p. 191.
Cp. Goodstein (1995), p. 1040.
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it necessarily fails for insolvent demand, which is essential for the growth prospects of
low-income countries. The ethical dimension emerges for people who cannot pay but
nevertheless have a demand for basic needs, as pure market logic asks for allocation
efficiency which feeds into the non-consideration of insolvent demand. Obviously, many
would admit that at this point exceptions to the market valuation principle are needed.
What follows for the source and sink functions of the providing system is that the market
mechanism is not necessarily sufficient to price resource extraction as the market price
focuses on production and solvent demand.
A further issue results from the ‘slicing up the value chain’, which normally is a generator
for growth, but, taken to the extreme, can turn out to hinder sustainable economising as
marginal costs of further slicing rise. Diamond underlines that long value chains in the
mineral ore business obscure the link from the resource extractor to the ultimate
consumer in such a way that consumers can neither reward ‘good’ extractors operating
sustainably nor boycott the others.49 On the other hand, due to the tough competition in
the business, the individual company has no incentive for betterment, which makes
hidden running costs higher. At first, even if consumers might want to reward ‘good’
extractors, they cannot identify them with reasonable effort. Secondly, the market share of
a sustainable and thus more expensive company is prone to be eaten up quickly by the
others. So mineral ore business resembles, too, the case in which it is individually
reasonable to behave socially unreasonable. Of course in some cases companies act
sustainably, the reasons being either marketing campaigns or the fear of consumer
boycott. But as Diamond observed, a rather direct link between origin extractor and end
user is necessary for this to work – like in the oil business where it happens that the same
company drills and runs filling stations.50 Multiple chain links hinder this feedback loop and
globalisation works rather in favour of the slicing-forces.
In addition, low prices for natural reserves are also a result of the application of the
‘discount factor’ analysis, which is bound to underestimate the value of natural reserves.51
If one imagines a reserve which exploitation of one unit could yield 100 euro now and in
the future, what insight would one get with using the discount factor tool? If one supposes
a discount rate of 5 percent p.a. it would mean that a utility of 100 euro in 50 years time
would equal to a utility at the rate of just 8.72 euro today. Thus, discount analysis tells that
consuming today is much more effective than future consumption, leading to a strong bias
towards current consumption and a biased present extraction. Further, as only flows are
evaluated, this leads in combination with discounting over time to too low prices. The
present preference leads in addition to another shortfall. As economies of scale are at
work and in favour of larger quantities of extraction, a form of ruinous competition
emerges, as companies not joining large extraction at present times have to counter
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Cp. Diamond (2008), p. 573.
Cp. ibid. (2008), p. 572.
See also the contributions by Peet (1992), p. 139, Daly and Farley (2004), p. 272, and Boulding (1966).
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structural disadvantages in the market. The vicious-discount-circle is described by Daly as
follows:
“The result is that high and increasing current growth rates, based on high and increasing
current depletion rates, lead to high and increasing discount rates applied to future values. The
last condition in turn leads to a low incentive to conserve, which feeds back to high current
depletion and growth rates, high discount rates, and so forth. Present value calculations thus
have an element of positive feedback that is destabilizing from the point of view of
conservation.”52

As Peet concludes:
“It can be highly ‘economic’ (in cost’ benefit analysis terms) to save money today by leaving
major problems for future generations to solve. This arithmetic arises from the use of CBA in an
area in which it has no validity.”53

Overall, economic logic should not be reduced to exchange rationality. In Aristotelian
terminology, one could ask for a better calibration between the chrematistic and oikonomic
principle. There might be a dilemma because high international competition, different
legislations and loopholes narrow the scope for non-exchange-logic grounded action.

52
53

Daly (2003), p. 189 f.
Peet (1992), p. 139.
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4 Present developments from the limits to growth perspective

4.1 Setting the stage: The carrying capacity and the ecological footprint
The carrying capacity of a discreet amount of land is its maximum ability to provide
resources and capability to digest waste in a given period of time. Assuming, for example,
a hermetically closed system with a size of one hectare of land, it is intuitively clear that
only a restricted amount of economic activity – which implies also a restricted amount of
people – can take place there. The maximum economic activity compatible with
sustainability is the carrying capacity of that 1 hectare of land. What holds true for 1
hectare is valid also for 1 earth. The earth is a hermetically closed system – i.e. it does not
exchange matter with the outside – as well, if one abstracts negligible quantities like the
occasional meteor and some satellites. Human economic activity can be either under, on
or above the carrying capacity; the latter state would be synonymous to a state of
overshoot. The principal thrust of this observation is hardly contestable, the controversy
results only about the question whether the analysis of the carrying capacity is irrelevant
because humanity would approach it with business as usual behaviour only at a very
distant point in time, e.g. after thousands of more years, or humanity now is close to or
already above the carrying capacity.
Wackernagel et al. developed a framework to analyse the human impact on earth’s
resources which involves a supply side (the biocapacity) and a demand side (the
ecological footprint).54 In the case demand is greater than the supply, the economy is in
overshoot mode. This section presents their framework, which is also featured in the
Living Planet Reports55, in more detail.
The biocapacity is the product of all areas multiplied by its bioproductivity.56 Rich soil has
e.g. a higher bioproductivity than poor soil. But also technology employed by humans can
improve the returns from a given area. To add up all areas, yield conversion factors are
used for geographical entities, equivalence conversion factors are used between different
types of areas (e.g. forests and farmland) and conversion factors are used to capture
technological improvements over time. The result is a biodiversity-averaged figure of
globally available land (measured in global hectare). Better technology improves the
available biodiversity-hectares, but overextraction and excessive release of waste
diminish it.
The ecological footprint, in contrast, is the product of population multiplied by consumption
per person times the footprint intensity.57 The latter is a measure of the quantity of
resources used in the production of goods and services, i.e. the efficiency of the

54
55
56
57

Cp. Wackernagel et al. (2002), passim.
Cp. Hails (2006) and Hails (2008), passim.
Cp. Hails (2006), p. 21 and Hails (2008), p. 23.
This resembles the Ehrlich equation presented in section 2.2.5.
23

Diskussionsbeitrag Nr. 16

technology employed. The larger the population and its consumption and inefficiency, the
greater is the demand on earthly resources and thus the bigger is the footprint.
Footprint
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Chart 6: Biocapacity vs. footprint
Source: Data have been taken from the Global Footprint Network (2009).

Chart 6 matches the supply of and demand on the world’s regenerative capabilities. The
impact of an average human on the globe increased slightly from 2.3 to 2.6 (gha) global
hectare in the period 1961 to 2006 (black line). Over the same time span, biocapacity
decreased dramatically from 3.7 to 1.8 gha available to meet the needs of a person on
average. According to this data, the globe has been in overshoot mode since 1980, as
mankind consumes more gha then what is sustainable. The result of the overuse is the
ever-decreasing size of the biodiversity area. In addition, the tipping point at 1980 only
holds, if one would allow humans to consume 100 percent of the area and non-human life
forms likewise 0 percent. This is already a risky undertaking as one would not have a
buffer in case of natural disaster in some parts of the world. In addition, this would also
result in a considerable loss of plants and animals whose usable value might not have
been discovered yet – apart from their intrinsic value. Apparently, it makes sense not even
to live up to the limits, but to set aside buffer areas e.g. in case for unexpected disasters.
Proposals for biodiversity buffers range from 10 to 25 percent of the biosphere.58 The
Chart above visualises the effect of setting aside 12 percent of the global biosphere as
natural protectorate.59 As a result, less gha are available for constant usage. The dotted
green line depicts the available biocapacity after a buffer of 12 percent is put aside.
Taking these figures, the global overshoot already began in 1974.
It is interesting to note that mankind has more problems with the supply than on the
demand side. The impact (black line) increased until the early 1970s but stayed constant
at around 2.5 gha needed. This indicates that technological improvements could keep up
58
59

Cp. Wackernagel et al. (2002), p. 9268.
The Brundtland Report suggested that “the total expanse of protected areas needs to be at least tripled”
(WCED, part II, chapter 6, section VIII, paragraph 72). Some contributions concretise this with a figure of
12 percent (e.g. Wackernagel 2001, p. 7).
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with the increase in world population and consumption as far as the demand side was
concerned. However, resource extraction and waste absorption put unsustainable stress
on the ability of global biocapacity, which has shrunk as a result of overexploitation over
the last four decades.
Dividing demand by supply, i.e. the impact by the available biodiversity, in a given year
yields the global footprint in ‘number of earths needed’. The next Chart shows that while in
the early 1960s humanity had a very comfortable buffer, i.e. it used only 62 percent of
earth’s capabilities, sustainability pronouncedly eroded over the next four decades. In
1980 the strain on the world reached its upper long-term maximum, meaning that in that
year the whole world was – in view of long-term sustainability – under anthropogenic use
leaving no resources for nonhuman activity and no buffer usable for humans in event of
an unexpected crisis. The year 2006 already saw the consumption reaching 1.4 earths,
meaning that the resource capacity of 365 days of the world year was already used up in
mid September. The dotted red line depicts the number of needed earths per year if one
would set aside the 12 percent of the biosphere. As shown in Chart 7, the overshoot
would then have started in 1974 and reaching 1.6 earths in 2006.
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Chart 7: Number of earths needed
Source: Data have been taken from the Global Footprint Network (2009).

The analysis, and especially the tipping point, undertaken by the global footprint network
matches quite well the findings of the Brundtland Report in 1987:
“Little time is available for corrective action. In some cases we may already be close to
transgressing critical thresholds. While scientists continue to research and debate causes and
effects, in many cases we already know enough to warrant action.”60

60

WCED (1987), p. 46.
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4.2 Selected scenarios from the Limits to Growth
Meadows et al. included in their 30 year update61 eleven scenarios out of which four are
featured on the following pages. Every scenario is decomposed into eleven variables. The
vertical axes are not labelled with numbers62, as the general behaviour of the curves and
the time of the start of the collapses are more important than the precise numbers. All
scenarios are not meant to be a prediction; rather, they depict the likely general behaviour
mode under the given headline.
Chart 8 plots the business as usual scenario, i.e. no major policy changes and
extraordinary efforts relative to the developments of the twentieth century are assumed. If
one shades the right side of the graph, the scenario looks very promising, as industrial
output, population, food, life expectancy, and consumption per person all rise steadily.
Only pollution and the human ecological footprint are increasing. Around the year 2000
only 30 percent of the non-renewable resources were depleted. Then suddenly around
2020, resource consumption due to further growing industrial output and population
depletes the resource stock below critical levels. A non-renewable resource crisis matures
as non-renewable resources become increasingly inaccessible and dearer. To sustain
resource flows, more and more investment is diverted into the resource sector and away
from the other sectors like service, agriculture, food, and health services. Life expectancy,
and by 2030 also the population, starts to decline as shortages in food and health services
become eminent.
The next scenario outlined in Chart 9 assumes that future discoveries will in effect double
the size of the resource stock to analyse whether more resources, which is in effect the
same as better technology, could provide a remedy in principle. However, as explained
above, with exponential growth at work, a doubling of resources does not lead to a
doubling of the extraction time. In this scenario, economic expansion continues only for 20
more years. Thereafter, a global pollution crisis occurs. The collapse is primarily a result
of an exorbitant increase of associated pollution and the human ecological footprint under
the business as usual assumption. One important negative feedback loop is the major
impact of pollution on soil productivity. Even with diverted investment into this sector, food
production will fall sharply after 2030, drawing down population and life expectancy.
Next, Meadows et al. introduce new assumptions one after the other in an effort to offset
the main problem of the previous collapse. However, it follows that due to interlinkages, a
collapse can have many reasons and one has to employ a full and concerted arsenal of
countermeasures to avoid most of them. The addition of pollution control technology
prolongs prosperity, but ultimately the growing population leads to a food crisis. To
alleviate this, land yield enhancements are assumed which ultimately lead to a land
erosion crisis. To counter this, land erosion protection is added; but even this is not
61
62

See Meadows et al. (2004a), passim.
The underlying World3 model calculates actual figures for each half hear between 1900 and 2100, which
can be accessed on the CD-Rom “Learning environment: Limits to growth – The thirty year update” by
Meadows et al. (2004b). All vertical axes keep the same scale.
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enough as human welfare cannot be prolonged beyond 2070, as the collapse is caused
by combined crises in resources, food, and high costs.

Chart 8: A reference point: Business as usual
Source: Meadows et al. (2004b), scenario 01.

Chart 9: Doubling of non-renewable
resources
Source: Meadows et al. (2004b), scenario 02.

The next step is to combine all previous measures with the introduction of powerful
resource-saving technologies (Chart 10). All these policies involve costs and an
implementation span of 20 years. The resource intensity, i.e. the non-renewable
resources necessary for one unit of industrial output, is reduced by 4 percent per year,
commencing in 2002. All efforts included yield a fairly optimistic outlook up to the year
2100 with a reduction of pollution and the human ecological footprint and relatively
constant human welfare index, food intake and life expectancy. However, this noteworthy
package of increased eco-efficiency has its price.

27

Diskussionsbeitrag Nr. 16

Chart 10: Doubling of resources, pollution
control technology, land yield enhancement,
land erosion protection, and resource
efficiency technology
Source: Meadows et al. (2004b), scenario 06.

Chart 11 : Doubling of resources, pollution
control technology, land yield
enhancement, land erosion protection,
resource efficiency technology plus the
seeking of stable population and output
per person
Source: Meadows et al. (2004b), scenario 09.

Due to high costs involved to combat hunger, pollution, erosion, and resource shortages,
capital costs increase significantly and industrial output begins to decline from 2040
onwards, leading to diminishing consumption and service output per person thereafter.
Although prospects are fairly good for the next generation, at the end of the 21st century a
cost crisis will emerge.
For the full transfer into sustainability two more ingredients are needed, as explained
above, namely a stable population and stable industrial output per person (Chart 11). This
scenario delivers a sustainable global system with a population of close to 8 billion. As
population and output growth level off, more capital can be diverted to support the new
technologies, which will lead to an 80 percent decline of needed non-renewable resource
input per unit of output and a reduction of pollution per unit of output by 90 percent.
Industrial output, food, life expectancy, consumption of goods, services and food per
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person and the human welfare index all can be sustained at high levels for a prolonged
period of time, while plentiful non-renewable resources are left for the 22nd century.

4.3 Links to other outlooks
This section presents a selection of related global forecasts.

•

Stern Review

The Stern Review63, which analyses the economics of climate change, stands quite close
to the LTG line of reasoning, albeit it uses another language and focuses on the negative
feedback loop of climate change. Due to excessive pollution beyond the providing
system’s ability to absorb, e.g. in respect to carbon dioxide emissions, climate change
appear which “could have very serious impacts on growth and development”.64 A couple
of similarities between the LTG and the Stern Review can be found: The Stern Review
emphasises as well the negative feedback loop onto world output, human life and the
environment, lowering the respective growth rates and qualities. Both constitute that the
world is currently in a state of overshoot: “It is no longer possible to prevent climate
change”.65 Both stress that “the benefits of strong and early action far outweigh the
economic costs of not acting”.66 Further, in case of inaction future economic growth will
eventually be damaged as negative feedback loops will act as prohibitive breaks to the
business as usual; inaction “could create risks of major disruption to economic and social
activity”.67 Finally, to attenuate the negative feedback loop, technological innovations and
social change (“to inform, educate and persuade individuals”)68 is needed.

•

Jeffrey D. Sachs

Surprisingly to many, parallels between Sachs and LTG are manifold. Both deplore that
the perspectives of humans are too short-sighted across time and space and that “the
current trajectory of human activity is not sustainable” as Sachs coined it.69 Sachs does
not use the term “overshoot” explicitly, but, abstracting from the thin border between
sustainability and un-sustainability, a non-sustainable trajectory is bound to describe a
situation as overshoot. It would be misleading to classify Sachs as the optimist and the
LTG as the pessimist, only because Sachs is describing at great length and in more detail
possible ways out. Rather, both are sending more or less an identical message. Despite
63
64
65
66
67
68
69

Cp. Stern (2006), passim.
Stern (2006), p. vi.
ibid. (2006), p. vii.
ibid. (2006), p. vi.
ibid. (2006), p. vi.
ibid. (2006), p. viii.
Sachs (2008), p. 57.
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the current unsustainable situation, humanity is not doomed, provided that significant
technological and social change materialises. Cautious optimists, as Sachs calls himself,
could appreciate both strands, only that the LTG describes to a larger extent the
interlinkages and what will happen if not enough changes occur.

•

OECD Environmental Outlook

In its outlook for 203070, the OECD arrives at the following conclusions: If no further action
is taken, the future does not look too promising, as, in total, the global community is “not
managing our environment in a sustainable manner” and “increasing pressures on the
environment could cause irreversible damage”.71 As cited earlier, “increasing pressures on
the environment from population and economic growth have out-paced the benefits of any
efficiency gains”.72 This is no less than the admittance that the heavily exerted reference
to the redeemer “technological progress” was too optimistic, as the latter could not deliver
upon its associated hope. The reason being, as discussed above, that technological
progress does not work solely in the direction of saving. Rather the opposite, it is
exacerbating environmental stress. One has to conclude that the advocates of business
as usual are just looking at one side of the coin. Similarities to the LTG go even further, as
the OECD overtly states that “the cost of inaction is high”73; that it is high time for action as
long delays have to be taken into account before possible benefits are realised; that the
window of opportunity will not be open for too long; that policy action is affordable; all of
these messages are closely related to the spirit of the LTG.

•

Hirsch Report by the US Department of Energy

Interestingly, the central message of the Hirsch Report reads as if it were an excerpt from
the LTG in regard to one specific resource scarcity. It concludes inter alia the following:74
World production of oil will peak for sure, maybe within 10 years75; the decade after the oil
peak could resemble the year after the first oil crisis with economic losses in the United
States alone accounting for trillions of dollars; the problem will not be temporary; as quick
fixes are absent, prudent risk management would ask for a mitigation crash programme
20 years before the oil peak, otherwise humanity has to face severe demand shortages
and still experience significant economic hardship. This resembles clearly the mechanics

70
71
72
73
74
75

Cp. OECD (2008).
ibid. (2008), p. 27.
ibid. (2008), p. 27.
ibid. (2008), p. 28.
Cp. Hirsch et al. (2005), pp. 64-66.
Parallel to the Hirsch report, the BGR (Federal Institute for Geosciences and Natural Resources,
Germany), estimated the depletion midpoint between 2016 and 2021 (cp. BGR (2006), p. 14) in 2006 and
to arrive “within the next several years” (BGR (2007), p. 21) in 2007. Two years later, this finding was
repeated in essence (cp. BGR (2009), p. 260).
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at work described in the LTG, namely that unsustainable economising will sooner or later
result in a forced correction with declining levels of human well-being.

•

Energy Watch Group

Among others, the Energy Watch Group challenges the central messages of the IEA
(International Energy Agency), according to which global oil production will only peak after
203076 and that a steady increase in oil demand until 2030 can be met.77 Instead, the
Energy Watch Group belongs to the group who cautions against a business as usual
approach in regard to oil: It postulates that the peak of global oil production appeared in
2006, a modest decline until 2020 and dramatic decline thereafter. The Energy Watch
Group concludes that the global economy is on the doorstep of deep structural change.78
As can be witnessed in many countries around the globe, structural change can take
decades, even under optimistic assumptions. Hence, the sooner the economy and society
deals with it proactively, the better. Otherwise structural change will no longer be a matter
of choice but of coercion. Either way, the urgency to tackle the repercussions of depleting
non-renewable resources is along the line of the LTG.

•

Others

Ernst U. von Weizsäcker and his co-authors contributed to the topic with a report to the
Club of Rome. They envisaged the necessary doubling of wealth (with a reference to the
billion or so people living in poverty) and the simultaneous cut of throughput into half with
possible technological advances equivalent to the ‘Factor 4’.79 Hence, like the LTG,
Weizsäcker et al. stressed the need for resource productivity besides the twin
requirements of sustainable resource extraction and pollution absorption levels.
Matthew R Simmons, an investment banker specialising in the oil industry, frequently
admonishes the public about the impacts of an industry which is around its peak
production.80 Recurrent features of his presentations are that a) the global economy is
bound to be around oil peak and the majority of producers are already in production
decline; b) ‘new discoveries’ are not a given remedy for rising demand as all new
discoveries were either small or in deep water, and they peak fast and decline fast; c) the
oil industry is not sustainable on its current course and that the window to change the
current path is only briefly open.81
76
77

78
79
80

81

IEA (2008), p. 3.
Cp. ibid., p. 2. For a detailed critique on the employed methodology, especially on the assumption that a)
oil demand is calculated independently of oil supply and that the latter will automatically follow the former,
and b) too optimistic scenarios for new oil discoveries, see Schindler et al. (2008), pp. 84-94.
Cp. Schindler et al. (2008), p. 17.
Cp. Weizsäcker et al. (1997).
Numerous speeches and articles can be found at: http://www.simmonsco-intl.com/research.aspx?Type=
msspeeches, (last access on 29 March 2010).
Cp. e.g. Simmons (2008), passim.
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4.4 Case study of a major non-renewable: The oil resource enigma
Oil is the key commodity in the world economy, and it has been of prime importance for
decades. As it can be used for and converted into plentiful things, it gains an almost
omnipotent presence manifested in products as diverse as baby cream, rubber boots,
plastic components and fuel. The question of how much oil is readily available is thus of
key interest.
Every non-renewable commodity is present on earth in a finite amount; the total amount is
called ‘total resources’, which can be separated into three components:82 At first the
reserves, like oil reserves, are the portion of total resources which are readily identified
and economically exploitable under given technology and prices. Secondly there are
resources which are identified but not economically recoverable under current conditions.
Thirdly there are possible resources which are only geologically indicated or not
discovered yet.
Before an oil field can be exploited, it has to be discovered and explored. All steps
involved are capital and time consuming. The production rate of an oil field is usually
graphed as a steep rising curve with a subsequent plateau of constant production which
could last for some decades. The longer the exploitation takes, the more difficult it gets.
Recovered oil changes in quality from light to heavy, and the inherent pressure becomes
no longer sufficient, so that additional measures are needed to get the oil out of the earth.
This means that the production rate of oil eventually starts to decline irrevocably until the
field is depleted. The point in time at which the production rate reaches its absolute
maximum, which occurs when about half of the reserve is exploited, has been coined
peak-oil.
What is undisputed for a single oilfield has been subject to considerable discussions.
Hubbert, who worked for the Exploration and Production Research Division of Shell Oil
Company, highlighted that the development of oil production resembles a bell-shaped
curve83 – the so-called Hubbert curve – whose maximum marks peak oil. Although he
predicted correctly in 1956 that the US (United States) will face peak oil around 1970 (see
also Chart 15a)84, his general conclusion about the era of fossil fuels being a very short
one attracted considerably more critics, because it ruled out that declining oil fields can be
substituted infinitely by new ones. However, a broad consensus of this topic can be
formulated in a ‘minimalist version’ which reads as follows: In a finite world, a finite
resource which is used to an economically relevant extent will at some point in time be
exploited by half.
Apart from theorising, what matters is the question of whether improving oil efficiency
could have lived up to the optimistic expectations and kept increasing oil consumption in
check, i.e. prevented oil consumption from increasing while realising economic
82
83
84

Cp. BGR (2006), p. 34.
Cp. Hubbert (1987), p. 82 and for an earlier version cp. Hubbert (1949), p. 107.
Cp. Hubbert (1956), pp. 22-24.
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development at the same time. The global oil consumption and oil efficiency, measured as
units of oil necessary to produce one unit of global GDP, are shown in Chart 12.
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Chart 12: Global oil consumption and oil efficiency
Data providers: BP and Chelem.

Although the global economy has managed to cut oil consumption per GDP by around 50
percent since the start of the first oil crisis, total oil consumption has steadily grown over
the past 40 years – since the blip stemming from the second oil crisis, even in an almost
linear way. Clearly, growth effects have outstripped efficiency gains over a long and
meaningful period. There does not seem to be a clear case in favour of optimism in the
real world in this respect, i.e. that rising efficiency could dominate the growth effects
leading to declining oil consumption without experiencing a global downturn as happened
during the two oil crises at the same time.
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Chart 13: Indices: Oil efficiency vis-à-vis GDP and population growth
Data providers: BP and Chelem.

The impact of efficiency gains on reducing overall resource consumption – for the benefit
of the source and sink functions of the providing earth system – is challenged not only by
growth in GDP, but also by population growth. Chart 13 shows the indexed growth curve
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of GDP (green dotted line) and population (red dotted line); the former has quadrupled
and the latter has doubled since 1965. The momentum of these driving forces can hardly
be underestimated. The same graph also plots the lines of two efficiency variables:
Namely oil consumption per GDP and per capita. Whereas the former has improved by 32
percent since 1965, the latter worsened by 38 percent over the same period. These
developments reflect the thrust of argumentation outlined in the LTG: At first, growth of
material consumption and population puts pressure on the limits of throughput in the
ecological-economic system. Secondly, technological progress is very important, but not
enough. Additional measures are needed to prevent over-exploitation of the source and
sink functions.
Chart 14a) combines the developments of oil consumption and oil per GDP in one chart.
Time paths towards the lower left corner would indicate that technological improvements
are stronger than quantitative growth effects. Overall, this hypothesis has to be rejected
for the observed four decades. From 1965 to 1973 the world economy grew with
increasing oil inefficiency, improvement thereafter was kept stable from 1975 to 1979.
Only the second oil crisis led to a reversal and ever-improving oil efficiency. Until 1983
total oil consumption declined, partly due to the economic downturn. But since then,
improving efficiency could not keep the consumption in check. Chart 14b) compares oil
per capita and oil per GDP. The path is principally the same, only that until 1983 the
development was more pronounced and since then more moderated. From 1983 to 2007
the oil consumption per capita increased slightly, meaning that technological efficiency
over this quarter century could not even neutralise population growth.
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Chart 14: Time paths of oil efficiency: a) and b)
Data providers: BP and Chelem.

After looking at the consumption side, it is also worthwhile to envision the oil production
side. The BP Statistical Review of World Energy lists 54 different oil producing territories.
In Chart 15a) through Chart 15c), their respective oil productions since 1965 have been
mapped according to the year of peak production. It is remarkable to note that 20
countries had their peak production before 1996 (see Chart 15a). It is not to say that all of
these countries are beyond the possibility to reach another production maximum; Iraq,
Kuwait, and Russia are potential candidates for an increasing production, but even for
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Kuwait this is not guaranteed, as Burgan, the world’s second largest oil field, entered the
declining phase already in 2005.85 Chart 15b) plots the countries with a peak production
between 1998 and 2004. It exhibits the picture book-like dome-shaped cumulated
extraction curve typical for peak-oil scenarios. It can be assumed with some certainty that
this country group had reached peak-oil already in 2001. In addition, the politically
motivated zigzag pattern driven by major OPEC (Organization of Petroleum Exporting
Countries) countries are missing. The hope of higher oil production rests on the 18
countries mapped in Chart 15c), although these countries are not necessarily oil
exporters.
US, 1970
Other Middle East, 1970
Kuwait, 1972
Romania, 1976
Trinidad & Tobago, 1978
Brunei, 1979
Tunisia, 1980
Cameroon, 1985
Egypt, 1993
Syria, 1995

Venezuela, 1970
Libya, 1970
Iran, 1974
Indonesia, 1977
Iraq, 1979
Peru, 1980
Other Europe & Eurasia, 1983
Russian Federation, 1987
Other Asia Pacific, 1993
Gabon, 1996

Argentina, 1998
Colombia, 1999
Rep. of Congo, 1999
Norway, 2001
Yemen, 2002
Turkmenistan, 2003
Denmark, 2004
Malaysia, 2004
50,000
Thousand barrels daily

40,000
30,000
20,000
10,000

40,000
30,000
20,000
10,000

Italy, 2005
Algeria, 2005
Equatorial Guinea, 2005
Ecuador, 2006
Canada, 2007
Azerbaijan, 2007
Qatar, 2007
Sudan, 2007
China, 2007

Thousand barrels daily

40,000
30,000
20,000
10,000

2007

2004

2001

1998

1995

1992

1989

1986

1983

1980

40,000
30,000
20,000
10,000

2007

2004

2001

1998

1995

1992

1989

1986

1983

1980

1977

1974

d)

1971

2007

2004

2001

1998

1995

1992

1989

1986

1983

1980

1977

1974

1971

1968

1965

0
1968

Thousand barrels daily

Libya, 1970
Iran, 1974
Iraq, 1979
Russian Federation, 1987
Turkmenistan, 2003
Algeria, 2005
Ecuador, 2006
Qatar, 2007
Kazakhstan, 2007

50,000

0

85

1977

Venezuela, 1970
Kuwait, 1972
Indonesia, 1977
Other Europe & Eurasia, 1983
Uzbekistan, 1998
Saudi Arabia, 2005
Nigeria, 2005
United Arab Emirates, 2006
Azerbaijan, 2007
Angola, 2007

Saudi Arabia, 2005
Chad, 2005
Nigeria, 2005
United Arab Emirates, 2006
Brazil, 2007
Kazakhstan, 2007
Angola, 2007
Other Africa, 2007
Thailand, 2007

50,000

c)

1974

b)

1971

1965

2007

2004

2001

1998

1995

1992

1989

1986

1983

1980

1977

1974

1971

1968

1965

a)

1968

0

0

1965

Thousand barrels daily

50,000

Uzbekistan, 1998
United Kingdom, 1999
Australia, 2000
Oman, 2001
Other S.&Cent. America, 2003
Mexico, 2004
India, 2004
Vietnam, 2004

See Cordahi, J. and A. Critchlow (2005). In addition, the family-ruled emirate was cited by the same
source to plan to increase production capacity by about 18 percent to 3 million barrels a day by 2010. It
remains to be seen whether they are able to deliver, as their production in 2008 was around 6 percent
higher than in 2005 (Data provider: BP (2009), last access on 25 March 2010).
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Chart 15: Peak oil production in all relevant territories a) until 1993, b) until 2004,
c) until present, d) OPEC and FSU, and e) Ex OPEC and FSU
Data provider: BP. Countries appear in the charts in reversed order of the listings.

Chart 15d) plots oil production developments of OPEC-13 and FSU (Former Soviet Union)
countries. Unexpectedly, almost half of the OPEC members have had their production
peak so far over 30 years ago. Compared to the production volume around the second oil
crisis, current levels have been far from spectacular, given the existence of plentiful petrodollars, an almost linear increase of oil consumption since the early 1980s, and first-time
market-determined all-high prices of the century. Chart 15e) shows the production of all
regions outside OPEC and the FSU. The cumulative production peaked in 2002, and
much speaks for the assumption that this is not just a local peak. Although increases can
be expected for e.g. Thailand, China, some African countries, Brazil, and Canada, this
does not mean that this new volume will be available on global markets, as China, Brazil,
and Thailand produced in 2007 only 48 percent, 84 percent, and 34 percent of their own
consumption respectively. Most market observers assume that this handful of countries
cannot compensate for the losses of the other 25 or so countries. In addition, almost 50
percent of the production in the present comes already from offshore fields86, hinting that
offshore oil fields are not an unknown quantity still waiting for harvest. Last, the cumulative
five year drop from 2002 to 2007 was the biggest one over the past four decades, and this
happened when prices reached century high records.

86

Cp. Schindler et al. (2008), p. 47.
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Chart 16: Oil price and oil production
Data provider: BP.

Regarding the oil price, two more aspects are important. At first, on 28 March 2000 OPEC
agreed on a price band of 22-28 US dollar a barrel, which was more or less the price
range between the mid 1980s and 2000 (see Chart 16). Setting a price range does also
mean that OPEC intended to act as a quantity reactor. However, in January 2005 OPEC
had to ‘temporarily suspend’ its targeted price band, obviously they could not supply the
quantities needed to revert the high prices not seen for over 20 years, or even more
tremendously, it was the first very significant non-cartel intentional price increase in oil
markets in over 100 years! Either OPEC had no potential reserve capabilities to increase
supply, or they had a bottleneck on the technical side.
Secondly, OPEC studied the possibility of a new price band ranging between 30 and 50
US dollar per barrel in September 200587, meanwhile the price hiked further to over 70 US
dollar in 2007. Although the prices were very lucrative, oil production did not increase but
instead have kept on a plateau since 2005.
Taken together, assuming an underground bottleneck rather than one of technicality
seems more reasonable, as everyone introducing a price band must have sizeable spare
capacities quickly operational to keep potential price increases in check. In 2004, as
prices jumped to over 40 US dollar for the first time since the first oil crisis, the oil
production followed, indeed, with an increase of 7.9 percent between 2002-2004; this has
been the biggest 2-year production increase since 1977 (see pink line in Chart 16). But
this increase has been not sufficient, as production flattened out afterwards and the price
band was abandoned one month after the last big attempt by OPEC. The observation
might be warranted that this increase of 7.9 percent was all that was available when
OPEC agreed on the price band in 2000.

87

Cp. AFX News (2005).
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Further, as the production increased almost linearly by 2 percent over a quarter century
starting in 1983, the question remains open as to why the price was not high enough in
the 1980s and 1990s to economically justify running bigger investments in the oil
exploration and refinery industry, given that OPEC members assembled sizable amounts
of petro-dollars which they transferred inter alia on the xeno-market88 via London. It
remains curious why the oil producers, namely OPEC, did not prefer to bring back the oil
money to the locus of its origin for further investment. The position that the world does not
face reserve scarcities and instead argue that just the prices were not right is too simple a
way out. If century-high market prices are not enough to find and exploit more oil to keep
prices lower, this already indicates a scarcity problem: It is ever more expensive and
troublesome to find new oil fields.
The marginal costs of oil exploration are clearly being driven up by scarcities. This view is
backed up with evidence:89
At first there is to realize that almost all of the biggest oil fields were discovered over 50
years ago. Since then, the reduction of the volume of new oil fields has been remarkable:
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Whereas in the 1960s the average size per exploratory drilling (new field wildcat) was 527
mega barrels, this fell to 20 mega barrels in the first half of the 2000s – a reduction by 96
percent (see Chart 17a). This dramatic decline has happened despite significant price
increases since the 1960s (see Chart 17b), which leads to the conclusion that there is –
contrary to often repeated reasoning – no empirical connection between oil price and oil
discoveries. The cumulated line of all oil findings over time (“creaming curve”) would
resemble a curve with a positive but every decreasing slope.
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Chart 17: a) Average size of new field wildcats and b) Average oil prices
Ad a) Figures have been taken from Schindler et al. (2008), p. 7. Ad b) Data provider: BP. Percentages refer
to the respective change since the 1960s.

Secondly, the consumption has outstripped new oil discoveries since 1980. It is inevitable
that the historical maximum of oil discoveries has to be followed by the maximum of oil
production, which is identical to the peak-oil.

88

89

Formerly known as the Euro market at a time when “euro” as an expression for the common currency of
the euro area did not yet exist.
Cp. Schindler et al. (2008), p. 51.
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In the third place, it is increasingly difficult for oil companies to find new oil fields. Out of
the 47,500 oil fields which have been discovered in total so far, less than one percent –
the 400 biggest ones – account for 75 percent of all discovered oil. It seems to be a
reasonable bet that the biggest and easiest to find fields have already been discovered. It
is getting ever more difficult for companies to increase their production. Indeed, over the
past 10 years, the 15 biggest companies could not manage to increase their combined
production. Instead, the companies simply grew via mergers and acquisitions operations,
leading to a reduction of their number to 8.90
The big oil companies might have come to the conclusion that most of the oil has been
discovered already (Chart 18 plots indexed key developments of Exxon Mobil, BP, and
Shell combined). The first indicator is that the exploration expenses dropped significantly
and stayed low, although the oil price embarked in 2002 to a century-high hike and global
production started to enter a plateau. Actual production might have a reaction lag of five
years to higher prices, but one would expect simple exploration to start much earlier.
Hence, contrary to popular belief, the tremendous price increase did not lead to an
increase in exploration activities, and hence, will also not lead to an increase in oil
production in the foreseeable future, at least as far as the biggest three companies are
concerned.
The second indicator is that the current oil fields under exploitation are becoming less and
less profitable, which is related to lower economies of scale of smaller fields and higher
costs to extract oil from long-used fields and to process lower-quality crude. The big three
had to increase extraction expenses by 125 percent from 1998 to 2007 just in order to
keep the extraction volume constant. It is typical for oil fields beyond their peak production
to be subject to increasing loss of oil quality.91
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Chart 18: Key developments of the biggest three oil companies
Source: Underlying figures have been taken from Schindler (2008), p. 102.
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Cp. Schindler et al. (2008), p. 100.
Cp. ibid. (2008), p. 47.
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4.5 Selected development issues: Oil and other constrains
This section spends some thoughts on how much more development there is in the
pipeline. The quest for resources has always been a prominent driving force of nation
states in world history.92 Since the remarkable divergence of the development paths
around the globe, some countries have found themselves in a more comfortable position
to acquire the necessary resources. What needs to be recapitalised is that although the
market principle works well, market clearance does not mean satisfaction of all needs as
the demand in world markets only reflects solvent demand, not total. Contrary to that, the
total supply at a given time can be quantified. This distinction is crucial, as from this
perspective market clearance is not necessarily a situation in which one can relax one’s
vigilance.
Advanced countries have thus a competitive edge over non-advanced countries as they
can afford higher prices. From a pure market perspective, there is nothing doubtful about
it, as the one who can pay more has a higher willingness to pay, which in turn reflects
either higher expected returns and/or higher utility – the yardstick for judging allocation
efficiency. However, when it comes to development economics, pure market logic reaches
its boundaries, as categorising the prolonged residence of billions of people in poverty and
their inability to access resources at prices which they can pay as an optimum situation of
global allocation efficiency, is more than dubious.
Like other textbook elements, pure allocation efficiency logic might be inapplicable in
extreme circumstances – in 2007 the GDP per capita in Norway was 15,438 percent
higher than in Bangladesh. So clearly, non-advanced economies are facing difficult times
in a situation in which resources get scarcer and prices higher.
As around 90 percent of world population does not live in advanced countries, there is
high pressure from potential demand on higher throughput in the global economic system,
putting additional pressure on the source and the sink sides of the providing system.
Needless to say, all country groups are causers of this development. That technological
improvement as the only knight in shining armour by far has its limits, too, has been
elaborated above and the paper will recur to it in the remaining part of this section.
The oil sector is a very prominent case in point as it is the wildcard resource per se and
will to be the first major reserve which will get economically meaningfully scarce on a
global scale. The following Charts show oil-related developments for five different country
groups93: Advanced countries94, EME (emerging market economies)95, developing

92
93
94

95

Cp. Landes (1999), passim.
The selection of countries is constrained to the individual listing of countries in BP’s statistical review.
Comprising hereafter: Australia, Austria, Belgium & Luxembourg, Canada, Denmark, Finland, France,
Germany, Greece, Hong Kong, Iceland, Ireland, Italy, Japan, Netherlands, New Zealand, Norway,
Portugal, Singapore, South Korea, Spain, Sweden, Switzerland, Taiwan, United Kingdom, and US.
Comprising hereafter: Argentina, Brazil, Bulgaria*, Chile, China*, Czech Republic, Hungary, Indonesia*,
Lithuania, Malaysia, Mexico, Philippines*, Poland, Romania, Russian Federation, Slovakia, South Africa,
Thailand*, and Turkey. Emerging market economies are herein taken as the group of countries which had
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countries ex96 and in97 the CIS (Commonwealth of Independent States), and rentier
economies98.
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Chart 19: a) Oil efficiency (consumption per GDP) and b) Oil efficiency relative to
advanced countries
Data providers: BP and Chelem.

As can be seen in Chart 19a), the advanced countries have been the most efficient
energy users per unit of output since the early 1980s. The increasing inefficiency since the
mid 1960s was brought back in the cause of the two oil crises. However, from 1983 to
1995 basically no efficiency improvements could be realised for the average of the group.
Efficiency improvements since then remain modest. Emerging markets had a similar
efficiency development path, albeit on more elevated levels. This group taken together
reached energy efficiency in 2007 in the advanced countries in the late 1970s. Developing
countries outside CIS and rentier economies have been still less efficient since the mid
1980s than the emerging markets. Exorbitant energy inefficiency can be found in the CISdeveloping countries. Chart 19b) reveals that non-advanced countries have reached an
energy efficiency of only 30 to 60 percent of advanced countries in 2007, with emerging
markets only slowly improving since 1990, while developing countries ex CIS and rentier
economies have been – instead of improving – deteriorating their oil efficiency relative to
the advanced countries since the mid 1970s.
Chart 20a) shows that total oil consumption has been rising steadily for all country groups
since at least 1965, the only exception being the CIS countries after the collapse of the
Soviet Union. For no aggregate can one observe a lasting decline of oil consumption,
underlying that ‘technological progress’ is not delivering on its associated hopes.

96
97
98

a GDP per capita between 5,000 and 15,000 US dollars in 2007. Arbitrary exceptions, which all are below
the lower boundary, are marked with an asterisk.
Comprising hereafter: Algeria, Bangladesh, Colombia, Ecuador, Egypt, India, Iran, Pakistan, and Peru.
Comprising hereafter: Azerbaijan, Belarus, Kazakhstan, Turkmenistan, Ukraine, and Uzbekistan.
Comprising hereafter: Kuwait, Qatar, Saudi Arabia, United Arab Emirates, and Venezuela.
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Chart 20: a) Oil consumption and b) Oil consumption relative to advanced countries
Data providers: BP and Chelem.

It also reveals in conjunction with Chart 21 on population, that it is not warranted to
assume that service societies consume fewer resources in absolute terms – which are of
the essence for the global providing system – in comparison to emerging markets and
developing countries, in which the agricultural or industry sector is dominant. The
percentage changes from Chart 19 a) and Chart 20 a) are summarised in Table, which
illustrates one important point: The technological advances foreseen by Solow99 and
hoped for by his followers, i.e. unlimited technological progress in conjunction with ever
decreasing consumption of materials, have not materialised in the previous four decades.
Chart 20b) shows that the emerging markets and developing countries ex CIS were
consuming only roughly 60 percent of the oil volume of advanced countries in 2007,
although they combine a total population of over four times that of the advanced countries
(see Chart 21).

Table: Change of oil efficiency and oil consumption in percent (1965-2007)
Country groups

Change in oil efficiency

Change in oil consumption

Advanced economies

-35.3

110.1

EME

-28.5

781.6

Developing countries ex CIS

-13.1

640.6

Developing countries in CIS

-65.7

-63.6

Rentier economies

-12.0

422.0

Data provider: BP. The time series for the developing countries in CIS start in 1990.

99

See e.g. the seminal contribution Solow (1956) and the discussion of Solow’s subsequent dictum that ‘the
world can, in effect, get along without natural resources’ in Georgescu-Roegen (1975), p. 361, Daly
(1992), p. 117, and Daly (1993b), p. 18.
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Data provider: Chelem.

The powerlessness of technological progress to produce a sizable remedy can also be
shown in a hypothetical scenario, in which the developing state and energy inefficiency is
abandoned. If it is assumed that all non-advanced countries would enjoy a GDP per capita
like South Korea100, and all these countries would enjoy an oil efficiency of Switzerland, in
2007 the most oil efficient country, the oil consumption necessity of the non-advanced
groups would have had to increase by 50 percent ceteris paribus. As Switzerland is surely
not a representative, as countries with less financial services and more difficult
geographical features consume more, Spain might be a better proxy of what is achievable
on a global scale. If all non-advanced countries could manage to achieve the Spanish oil
efficiency, their oil consumption need would have increased by 220 percent ceteris
paribus in 2007. Theses quantities are not available nowadays. Of course, with such a
hypothetical increase, prices would have skyrocketed far above the levels recorded
already in 2007 (see Chart 16b). As Saudi Arabia, not to mention any other country, has
been unable to act as a swing producer since the beginning of the 2000s, this would have
clearly crowded out less solvent countries.
Officially, oil reserves stood at 1,240 thousand million barrels as of 2007. However, in the
1980s, OPEC members were generally suspected of tuning their reserves upwards in
order to be eligible for higher production per year (see Chart 22), as the individual quota
was linked to the official reserves. In this respect, the figures reported from the four
‘medium sized’ countries Iran, Iraq, Kuwait, and United Arab Emirates appear like a
political compromise, as their individual official reserves converged towards 100 billion
barrels and stayed at this level from 1987 to 1995. The OPEC reserve tuning adds up to
roughly 300 thousand million barrels, leaving 940 thousand million barrels as a more
cautious approximation of reserves at hand.

100

South Korea is, together with Taiwan, the latest and by long the only territorial country which was able to
develop – unrelated to the European Monetary Union – successfully into an advanced country. See IMF’s
classification of countries, e.g. IMF (1999, p. 129) in which South Korea, Taiwan, Singapore and Hong
Kong are classified as “other advanced economies”.
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Chart 23 plots the depletion of oil reserves starting from 1,240 and 940 thousand million
barrels respectively (blue and red lines). For each, three different consumption paths are
given: the same absolute consumption as in 2007, average consumption growth of 1.6
percent (as in the period 1983-2007), and average consumption growth of 2.5 percent (as
in the period 1965-2007). With the reduced base and a moderate oil consumption growth
of 1.6 percent on average, current oil reserves will be depleted by the year 2032. The
green dotted line in Chart 23 illustrates how much new oil must be found in order to run
out of oil only in 2047, given an average consumption increase of 2.5 percent per year:
Roughly 800 thousand million new barrels, a rather unlikely amount even when increasing
prices are considered.
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Chart 23: Remaining oil production with current reserve levels
Data provider: BP.

The frequently postulated causality is that oil scarcity will not occur, as scarcities will lead
to higher prices, which in turn lead to more explorations and discoveries, as new
technology and more difficult reservoirs can then be exploited economically. The problem
with this postulation is that – as shown above – it has been proven wrong, as the average
size of a new field wildcat is nowadays insignificant compared to the 1960s, despite
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successive rounds of oil price increases (Chart 17b). It is one of those well-kept ‘secrets’
that even with all the technological improvements and price increases realised over the
past five decades, the spectacular oil findings of the 1960s were not repeated.
But there are more issues to take into consideration, especially regarding the future of
catching-up possibilities for non-advanced countries. To start with, having enough
resources until 2030 or 2050 does not mean that every fraction of these resources can be
extracted per year.101 So, scarcity does not start with the complete depletion of resources,
but rather decades before. Usually the time past peak production can be assumed as the
starting point. For instance, the oil production per year in the US has been declining for
decades, despite occasional upwards revisions of its reserves; the latter does not seem to
alter the peak of oil production. There are instances which show that investment in the oil
sector does not necessarily alter the oil volume, but only the production profile over
time102, as an increase of current production, e.g. by means of more water injection into
the oil fields, could just jeopardise possible future extraction.
Further, offshore production does not seem to offer another golden age, as almost 50
percent of the production in the present already comes from offshore fields.103 The
accumulation of onshore oil discoveries (‘creaming curve’) has already been approaching
an asymptotic boundary for decades104, while there is an increasing reduction in oil quality
with extended production of oil. At some point in time further extraction becomes
inevitably impossible under economic efficiency reasoning as too many other resources
including financial and human capital would have to be invested – at least for a majority of
people.
As oil companies listed on the stock markets do not have a pronounced interest in
admitting that their reserves are limited or smaller than stated on their books, downward
corrections are sticky. A case in point is the ‘evaporation’ of 20 percent of Shell’s
reserves, which was admitted in 2004.105
‘New’ substitutes like tar sands, which were in fact already foreseen in the 1970s and
1980s, should as well not be overemphasised, as a sizeable usage of other resources in
the production process (one quarter of fresh water use in Alberta and 4 percent of its
natural gas) has to be taken into account and in addition, it is not expected that these
sources will add more than 20 percent to Canadian oil production until 2015.106 Even the
traditionally optimistic International Energy Agency, which regularly publishes the World
Energy Outlook, got more cautious in November 2008, as its head Nobuo Tanaka said:

101

102
103
104
105
106

For instance, the International Energy Agency assumes that all reserves can be readily used in every
year, which is not the case (see Schindler et al. 2008, 91).
Cp. Schindler et al. (2008), p. 94.
Cp. ibid. (2008), p. 47.
Cp. ibid. (2008), p. 39.
See Morgan (2004).
Cp. Schindler et al. (2008), p. 96.
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“Current trends in energy supply and consumption are patently unsustainable –
environmentally, economically and socially – and they can and must be altered.
One thing is certain. While market imbalances will feed volatility, the era of
cheap oil is over.” 107
The situation of the oil reserves is symptomatic and can be taken as ‘pars pro toto’ for a
range of other resource related issues pointing to possible signs of overshoot. In the
following, a selection of issues is raised to accompany this picture.
•

Fishery resources: The renewable resource ‘fish stock’ could in principle last infinitely,
but the current state does not look too promising. 77 percent of all fish stocks were
exploited at or above sustainable levels in 2006, leaving no room for further expansion
for the vast majority of stocks ( Chart 24). In comparison, only 3 percent of the stock
can be classified as underexploited. If world population would only increase by 1
percent per year and consume as much as the existing population, this 3 percent slice
would be eaten up in as little as 3 years. The overexploited quarter also means that it
yields less then it could if it were sustainably economised. Given the fact that the
precautionary principal advises to always have a buffer at hand in case of unforeseen
negative developments and that a resource should at best never be fully exploited,
only 23 percent of the fish stocks are used sustainably. This proportion stood at 40
percent in 1974. So when the LTG was first published, already 60 percent of fish was
overexploited. Looking at species, “most of the stock of the top ten species, […], are
fully exploited or overexploited and therefore cannot be expected to produce major
increases in catches.”108 Non-advanced countries are facing difficult times regarding
animal protein intake. The situation is worsening, e.g. in West Africa, as local
fishermen are facing sizeable competition from alien fishing fleets.
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Chart 24: The status of fishery resources in 2005
Source: Figures have been taken from FAO (2007), p. 29.

107
108

Citation taken from ASPO (Association for the Study of Peak Oil & Gas)-USA (2008).
FAO (Food an agriculture organization of the United Nations) (2007), p. 29.
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•

Despite the undisputed advances of the green revolution since the 1950s, the food
production per person has not improved significantly. On the contrary, desertification,
degradation of soil in the tropics, and ongoing population growth has led to the erosion
of arable land per capita, jeopardising the increases in output. In addition, the simple
change of diet for people, i.e. the switch from a vegetarian to a meat meal, requires an
increase in grain productivity of 700 percent; the green revolution and latest
genetically modified induced increases fall far short of these increases in demand. As
the best arable land is already under cultivation, an extension of agriculture involves
declining marginal productivity and increasing marginal costs.

•

In recent years, a new ‘big game’ over the last unclaimed borders under the sea has
intensified. Examples being the claims over the Artic ocean up to the North pole –
including the disputes between the US and Canada over the ocean border, between
Canada and Denmark over a tiny barren rock called Hans Island, and whether
Russian territory can be rightly claimed to extend to the North pole – and the extension
of national claims on uninhabited land (Antarctica) and ocean shelf areas via the
possession of, in themselves, unimportant rocks like Rockall Island, Kerguelen Islands
and Ascension Island. This indicates that a couple of countries are working on
claiming the very last ‘uncharted territories’ of the globe for the purpose of possible
exploitation.

•

In many countries around the globe, scarcer resources did and do not lead to better
technology which leaves people better off, otherwise there would no longer be
developing countries, least developed countries and emerging market economies at
present, as all would have been transferred to advanced status. On the contrary, the
gap of GDP per capita between the poorest and richest has continued to widen over
the past half century. As from this example, it is evident that technological progress is
neither a given thing nor costless, nor does it occur overnight. In many countries
around the globe, scarcer resources do not lead to discoveries or implementations of
new technologies, but – sadly – rather to bigger hardships or higher death rates due to
malnutrition, civil unrest, armed conflict, or emigration. From a historical viewpoint, it is
simply incorrect to assume that technological progress was always ahead of the curve
on a global scale. And as most of the other ‘emergency valves’ are not acceptable, the
most pressure rests on technological progress. What the latter cannot achieve will
result in the widening of the rich/poor gap and to additional future burden.

•

Non-advanced countries face a twin problem: Their population is growing stronger and
they are trying at the same time to catch up with the advanced countries. Both imply a
multitude of necessary throughput for the economy, even taking technological
progress into consideration. This in turn leads to another twin problem, namely the risk
to extract and pollute (further) beyond the capacities of the sources and sinks of the
providing system.
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In a nutshell, the requirements of technological progress are formidable and include inter
alia:
•

Alleviating stress on the source and sink side of the providing system.

•

Catering to an increasing population.

•

Catering to a catch up of the living conditions of 5 billion people and more.

•

Making up for diminishing non-renewable resources and the increasing lower quality of
them.

•

Being readily and quickly available on a global scale.

•

Being inexpensive.

•

Avoiding malnutrition, high death rate, civil unrest, armed conflict, and war.

•

Providing a sustainable economy for many generations to come.

However, as the exemplified oil experience has shown, technological progress could not
deliver. There are many signs that plenty of other source and sink related issues are in a
similar situation. So expectations should not be too high, inter alia due to the following
reasons:
•

Some problems are already underway, cannot be stopped and need a lot of time to
fully unwind.

•

Technological progress works in two ways: It can reduce and increase the stress on
sources and sinks.

•

Technology delivers its results only under a set institutional system, so social change
is necessary as well.

•

What is technologically possible might not be payable for a big portion of the global
population. Technology is not free of cost and free for all. In addition, the usual
peculiarities of economics are also present on the engineering front to combat
scarcities, namely increasing marginal costs and decreasing marginal benefits. This
could be called the ‘Law of Increasing Costs’, as each doubling of productivity will be
more costly than the last. No technology is spontaneous or without costs.

•

The possibilities of switching technological processes have their limits, too.

•

Switching due to changes in ‘relative prices’ only works meaningfully if there is a safe
haven to switch to.

•

Global inter-area and inter-temporal prisoner dilemmas could work against possible
changes.
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•

Global industry lobby groups could work against possible changes.109

•

Technology is also socially limited and conditional upon education and habits, so
technological transfer is not something which can be taken for granted.

•

Technology will not necessarily emerge out of a situation of scarcity.

•

Structural change can take a long time.

•

Civil and military stress is more likely in a time of crisis, which then diverts possible
funding.

•

Scarcity and higher prices do not lead to more resources.

•

Even if technological progress would lead to a de facto doubling of a reserve stock,
this would not double the extraction time. With exponential growth at work, the
extraction time gained from a doubling of resources is surprisingly low – as low as
adding only a mere 20 years on top of 125 years.110 I.e. the precise total amount of
goods is unimportant in the presence of exponential growth.

109
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E.g. the US still did not switch to the CFC-free technology for freezers, despite that this technology has
existed since the early 1990s. Regardless of the depletion of the ozone layer, US freezers are still
mounted including ozone-decreasing CFC.
This example for chromium is taken from Meadows et al. (1975), p. 74.
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5 Conclusions: Lessons from the lily pond

Anyone who believes exponential growth can go on forever in a finite world
is either a madman or an economist – Kenneth Boulding

This paper presents arguments from side tracks of economic reasoning, namely global
economic developments seen from the perspective of the LTG. At times, the reasoning
appears to be just a stone’s throw away from standard grounds, but the implications are
considerable.
To begin with, technology has to be seen in its effects as two-sided – it could lead to
either higher or lower consumption of resources. The proposition that human ingenuity
and technology only works in favour of resource saving has to be rejected. Substitution
has its limits, too, as it is not possible to endlessly jump from one resource to the next,
especially as there is a conflict of use over some resources. The LTG and the footprint
analysis suggest that the globe is at present in a situation of overshoot, i.e. in a nonsustainable mode, other contributions take the same line or at least highlight that
sustainability is not ensured. The state of overshoot can be camouflaged through imports
of biodiversity and by the accumulation of in itself marginal destructions of the providing
system.
Economically, one major problem is that markets reflect, by and large, flow scarcities, not
stock scarcities, resulting in too low prices. As Meadows et al. put it:
“And the amounts of oil aboveground ready for use have much more influence on price than the
amounts lying beneath the ground as future resources. The market is blind to the long term and
pays no attention to ultimate sources and sinks, until they are nearly exhausted and it is too late
for attractive solutions. Economic signals and technological responses can evoke powerful
responses, as the oil price example illustrates, but they simply aren’t connected to the earth
system in the right place to give society useful information about physical limits.”111

But even higher prices do not increase the amount of resources, just the amount of
reserves. And even if reserves could be doubled, given that exponential usage rates are
in place, the possible prolongation of consumption would be marginal. In this context, it
needs to be underlined that for the providing system the absolute sum is more important
than relative proportions: The reduction of e.g. growth rates of material consumption are
not per se an all-clear as the absolute sum of material flows could nonetheless be at a
higher level; likewise, a quantitative reduction of an input good relative to GDP could
easily obscure that the absolute sum of input flows has increased. Both have important
implications for the questions of sustainability and overshoot.

111

Meadows et al. (2004a), p. 228.
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Further insights can be gained from the ‘oil question’ as a couple of popular reasonings
can be rejected or need to be clarified.
1. Peak-oil did happen in the vast majority of countries. There are only a few
countries left with likely increases, and out of these, not all are energy exporters.
2. The assumption that higher prices lead to more oil resources is totally unfounded,
it might only be possible to pump out more oil from known reserves. With all price
increases realised over the past decades, the oil findings of the 1960s could not be
repeated. Today’s new oil findings are a quantité négligeable compared to the
1960s.112
3. Since the early 1980s oil consumption has been higher than new oil findings.
4. Technology diffusion – i.e. measures for oil savings in relation to a unit of GDP –
takes considerable time: The oil efficiency of EMEs relative to advanced countries
has been constant, practically without improvements, over the last 40 years. At the
same time, the oil efficiency of advanced countries has been constant for about 15
years since the early 1980s and has improved only marginally since the mid
1990s. A rapid global switching towards the best technology available on earth
cannot be assumed as a likely scenario.
5. The market development over the past 10 years suggests that even Saudi Arabia
has lost its ability to act as a quantitative swing producer.
6. Service societies do not consume less.
7. For non-advanced countries, resource scarcities, which are in effect similar to high
prices, have severe repercussions on their development prospects. This can be
illustrated in the following figure: If one would assume raising EMEs and
developing countries to advanced levels, e.g. to income levels of South Korea –
one of the latest entries in the list of advanced countries – and assume an instant
diffusion of technology to all countries, i.e. assuming an oil efficiency in these
countries comparable to the average in advanced countries, say Spain, an
increase of oil consumption by 220 percent would have been necessary in 2007.
Theses quantities are not available nowadays. Differences in development are so
huge, that technology alone is not enough to lift all non-advanced countries to
even modest advanced standards. A higher resource demand per capita is of the
essence for many countries. It cannot be taken for granted that this higher
resource consumption can be met in order to allow for modestly high development
standards around the globe without accelerating the overshoot mode.
8. As has been shown inter alia in the Hirsch report113 by the US Department of
Energy for the showcase of oil, the movement away from oil is far too difficult to
112
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As Simmons (2008), pp.11 and 15 put it: „All new discoveries were either small or in deep water; all peak
fast and decline fast.” “There are no bright spots on supply horizon.”
Cp. Hirsch et al. (2005).
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take it easy. Combining the Hirsch report with the analysis of the BGR, a global
mitigation crash programme away from oil should have started around the year
2001 to avoid significant economic hardship in the years following oil peak.
However, nothing meaningful happened so far, and it is not foreseeable that the
necessary political, economic, and social about face will appear any time soon.
The phenomenon of the complexities of interaction also plays a role in possible crisis
prevention and resolution. As the LTG demonstrates, it is not enough to circumvent just
one or two limits, as in a globalised system of interactions multiple limits have to be
addressed and solved at the same time. As the results of Meadows et al. show, a huge
arsenal of policies are required, i.e. to achieve a sustainable global society, a doubling of
resources, pollution control technology, land yield enhancements, land erosion protection,
resource efficiency technology, a stable population and stable output per person must be
realised. If just one of these measures is not applied, the system is unlikely to be
sustainable.
The authors of the LTG do not stand alone, numerous and diverse other contributions can
be found that suggest – directly or indirectly – that the globe might be already in or around
entry into overshoot or at least facing limits of reserves in the not too distant future, e.g.
contributions by Boulding, Daly, Georgescu-Roegen, the Global Footprint Network, Peet,
Sachs, Simmons, Stern, the OECD, the US Department of Energy, Wackernagel, and the
WCED (Brundtland Report), to name only a few prominent sources.
In addition, it is crucial to account for buffers in all relevant stocks of reserves to have a
backup at hand in case of unexpected circumstances, which arithmetically increases the
proportion of flows of reserve extraction to the stock of reserves foreseen for further
exploitation. The status of fishery resources serves as a case in point.
Finally, it has to be stressed that, as a change in technology is only a necessary, not a
sufficient condition, a change in the institutional frame of the global economy is crucial,
too. But this requires more than just a policy change of the sovereigns.
The reader should decide for her- and himself whether the message of the LTG was right
after all. But at least the Brundtland Report should be reconsidered after 23 years:
“Little time is available for corrective action. In some cases we may already be close to
transgressing critical thresholds. While scientists continue to research and debate causes and
effects, in many cases we already know enough to warrant action”.114
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WCED (1987), p. 46.
52

Diskussionsbeitrag Nr. 16

Literature

AFX News (2005): OPEC mulls 30-50 usd/barrel oil price band, stresses importance of
open dialogue, posted on 6 September 2005, http://www.forbes.com/home
/feeds/afx/2005/06/09/afx2085872.html, last access on 31 March 2010.
Akerlof, G.A. (1970): The market for ‘lemons’: Quality uncertainty and the market
mechanism, in: Quarterly Journal of Economics, Vol. 84, pp. 488-500.
ASPO-USA (2008): International Energy Agency acknowledges “patently unsustainable”
trends in global energy supply and consumption, posted on 17 November 2008,
http://www.aspousa.org/index.php/2008/11/patently-unsustainable, last access on 31
March 2010.
BGR (2006): Reserves, resources and availability of energy resources 2006, Annual
Report, Hannover.
BGR (2007): Reserves, resources and availability of energy resources 2007, Annual
Report, Hannover.
BGR (2009): Energierohstoffe 2009 – Reserven, Ressourcen, Verfügbarkeit, Hannover.
Boulding, K.E. (1966): The economics of the coming spaceship earth, in: Environmental
quality in a growing economy, ed. by H. Jarrett, Baltimore, pp. 3-14; alternatively:
http://www.eoearth.org/article/The_Economics_of_the_Coming_Spaceship_Earth_(hi
storical), last access on 1 April 2010.
BP (Various editions): Statistical Review of World Energy, http://www.bp.com/
multipleimagesection.do?categoryId=9023755&contentId=7044552, last access on 25
March 2010.
Bürgenmeier, B. (1996): Umweltschutz in einer Veblenschen Perspektive, in: R. Penz
and H. Wilkop (eds): Zeit der Institutionen – Thorstein Veblens evolutorische
Ökonomik, Marburg, pp. 393-408.
Chelem (Various editions): GDP, GDP per capita, and population time series,
http://www.cepii.fr/anglaisgraph/bdd/chelem.htm, last access on 25 March 2010.
Chertow, M.R. (2001): The IPAT equation and its variants – Changing views of
technology and environmental impact, in: Journal of Industrial Ecology, Vol. 4,
Number 4, pp. 13-29.
Cordahi, J. and Critchlow, A. (2005): Kuwait oil field, world’s second largest, ‘exhausted’,
published on 9 November 2005 by Bloomberg, archived on 15 November 2005 by
Energy Bulletin, http://energybulletin.net/node/10878, last access on 25 March 2010.
Daly, H.E. (1992): Steady-State Economics, 2nd ed., Washington.
Daly, H.E. (1993a): Sustainable growth, An impossibility theorem, in: Valuing the earth –
economics, ecology, ethics, ed. by H.E. Daly and K.N. Townsend, Cambridge,
Massachusetts, pp. 267-274.

53

Diskussionsbeitrag Nr. 16

Daly, H.E. (1993b): Introduction to Essays toward a Steady-State Economy, in: Valuing
the earth – economics, ecology, ethics, ed. by H.E. Daly and K.N. Townsend,
Cambridge, Massachusetts, pp. 11-47.
Daly, H.E. (2003): Selected growth facilities, in: The Social Contract Journal, Vol. 13,
Number 3 (Spring 2003), pp. 185-193.
Daly, H.E. and Farley, J. (2004): Ecological economics – Principles and applications,
Washington, DC.
Diamond, J. (2008): Kollaps – Warum Gesellschaften überleben oder untergehen, 2nd
ed., Frankfurt am Main; original title: Collapse – How societies choose to fail or
succeed, New York, 2005.
Dietz, F.J. and Straaten, J.v.d. (1992): Rethinking environmental economics: Missing
links between economic theory and environmental policy, in: Journal of Economic
Issues, Vol. XXVI, No. 1, pp. 27-51.
Ehrlich, P.R. and Ehrlich, A.H. (2009): The population bomb revisited, in: Electronic
Journal of Sustainable Development, Vol. 1, Issue 3, pp. 63-71,
http://www.ejsd.org/docs/The_Population_Bomb_Revisited.pdf, last access on 25
March 2010.
Ezekiel, M. (1937/38): The cobweb theorem, in: Quarterly Journal of Economics, Vol. 52,
pp. 255-280.
FAO (2007): The state of fisheries and aquaculture 2006, Rome, http://www.fao.org
/docrep/009/a0699e/a0699e00.HTM, last access on 25 March 2010.
Georgescu-Roegen, N. (1971): The entropy law and the economic process, Cambridge,
London.
Georgescu-Roegen, N. (1975): Energy and economic myths, in: Southern Economic
Journal, January, pp. 347-381.
Georgescu-Roegen, N. (1993): Thermodynamics and We, the Humans, in: Entropy and
Bioeconomics – First International Conference of the E.A.B.S. – Proceedings, ed. by
J.C. Dragan, E.K. Seifert, and M.C. Demetrescu, Milan, pp. 184-201.
Global Footprint Network (2009): http://www.footprintnetwork.org/en/index.php/GFN/
page/ecological_footprint_atlas_2008/, last access on 25 March 2010.
Goodstein, E. (1995): The economic roots of environmental decline: Property rights or
path dependence?, in: Journal of Economic Issues, No. 4, pp. 1029-1043.
Hails, C., (ed. in chief) (2006): Living planet report 2006, http://assets.panda.org/
downloads/living_planet_report.pdf, last access on 29 March 2010.
Hails, C., (ed. in chief) (2008): Living planet report 2008, http://assets.panda.org/
downloads/living_planet_report_2008.pdf, last access on 29 March 2010.
Hirsch, R.L., Bezdek, R. and Wendling, R. (2005): Peaking of world oil production:
Impacts,
mitigation,
&
risk
management
(Hirsch
report),
February,
http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf, last access
on 25 March 2010.

54

Diskussionsbeitrag Nr. 16

Hubbert, M.K. (1949): Energy from fossil fuels, in: Science, February 4, Vol. 109, pp. 103109, http://www.hubbertpeak.com/hubbert/science1949/, last access on 25 March
2010.
Hubbert, M.K. (1956): Nuclear energy and the fossil fuels, presented before the Spring
Meeting of the Southern District Division of Production, American Petroleum Institute,
San Antonio, Texas, March 8, 1956. Publication No. 95. Houston: Shell Development
Company, Exploration and Production Research Division, 1956.
Hubbert, M.K. (1987): Exponential growth as a transient phenomenon in human history,
in: Societal Issues, Scientific Viewpoints, ed. by M.A. Strom, New York, American
Institute of Physics, 1987, pp. 75-84, reprint from a presentation before a World
Wildlife Fund conference, San Francisco, California, 1976. Reprinted also in: Valuing
the earth – economics, ecology, ethics, ed. by H.E. Daly and K.N. Townsend,
Cambridge, Massachusetts, 1993, pp. 113-126.
IMF (1999): World Economic Outlook: International Financial Contagion, http://www.imf.
org/external/pubs/ft/weo/1999/01 and http://www.imf.org/external/pubs/ft/weo/1999/
01/0599ann.pdf, last access on 25 March 2010.
Immler, H. (1989): Vom Wert der Natur – Zur ökologischen Reform von Wirtschaft und
Gesellschaft, Opladen.
International Energy Agency (2008): World energy outlook 2008 fact sheet: Global energy
trends, http://www.worldenergyoutlook.org/docs/weo2008/fact_sheets_08.pdf, last
access on 29 March 2010.
Kant, I. (1995): Kritik der praktischen Vernunft, Stuttgart.
Landes, D.S. (1998): The wealth and poverty of nations: Why some are so rich and some
so poor, New York.
Leinfellner, W. (1986): The prisoner’s dilemma and its evolutionary iteration, paradoxical
effects of social behavior. Essays in honor of Anatol Rapoport, Heidelberg, Wien, pp.
135-148.
Meadows, D., et al. (1975): The limits to growth, 2nd edition, New York.
Meadows, D., Randers, J. and Meadows, D. (2004a): Limits to growth – The 30-year
update, White River Junction.
Meadows, D., J. Randers and D. Meadows (2004b): Learning environment: Limits to
growth – The thirty year update, CD-Rom.
Morgan, O. (2004): Shareholders want to know where Shell’s reserves went, in: The
Observer, 18 January 2005, http://www.guardian.co.uk/business/2004/jan/18/
oilandpetrol.news1, last access on 31 March 2010.
OECD (2008): The OECD environmental outlook to 2030, Paris.
Peet, J. (1992): Energy and the ecological economics of sustainability, Washington DC.
Pigou, A.C. (1920): The economics of welfare; reprinted 1979 in London.
Sachs, J.D. (2008): Common wealth – Economics for a crowded planet, New York.

55

Diskussionsbeitrag Nr. 16

Schindler, J. et al. (2008): Zukunft der weltweiten Erdölversorgung, EWG Berlin,
www.energywatchgroup.org/fileadmin/global/pdf/2008-05-21_EWG_Erdoelstudie
_D.pdf, last access on 25 March 2010.
Seifert, E.K. (1994): Sustainability aus bioökonomischer Sicht – Wirtschaftsethische
Implikationen einer neuen entwicklungspolitischen Leitidee, in: Wirtschaftsethische
Perspektiven, ed. by K. Homann, Berlin, pp. 173-210.
Simmons, M.R. (2000): Revisiting the limits to growth: Could the Club of Rome have
been
correct,
after
all?
–
An
energy
white
paper,
October,
http://www.greatchange.org/ov-simmons,club_of_rome_revisted.pdf, last access on
29 March 2010.
Simmons, M.R. (2008): Is oil’s future sustainable? If not, what are the consequences?,
presentation to the Dallas Committee on Foreign Relations, January 14, 2008,
http://www.simmonsco-intl.com/files/Dallas%20Committee%20On%20Foreign%20
Relations.pdf, last access on 29 March 2010.
Skala, M. (1999): Eigentum und Verfügungsrechte als Grundbegriffe institutionalistischer
Theorien, Master Thesis, mimeo.
Solow, R.M. (1956): A contribution to the theory of economic growth, in: The Quarterly
Journal of Economics, Vol. 70, No. 1, pp. 65-94.
Stern, N. (2006): Stern Review on the Economics of Climate Change (Stern Review),
http://www.hm-treasury.gov.uk/stern_review_report.htm, last access on 29 March
2010.
SVR (2009): Die Zukunft nicht aufs Spiel setzen – Jahresgutachten 2009/10, Wiesbaden.
Swaney, J.A. (1994): Environmental theory, in: The Elgar Companion to Institutional and
Evolutionary Economics, ed. by G.M. Hodgson et al., 2 volumes, Aldershot, 1st Vol.,
pp. 199-204.
Wackernagel, M. (2001): Advancing sustainable resource management – Using
ecological footprint analysis for problem formulation, policy development, and
communication (study prepared for the European Commission, DG Environment),
http://ec.europa.eu/environment/enveco/waste/pdf/wackernagel.pdf, last access on
31 March 2010.
Wackernagel, M. et al. (2002): Tracking the ecological overshoot of the human economy,
PNAS, Vol. 99, No. 14, pp. 9266-9271.
WCED (1987): Our common future – Report of the World Commission on Environment
and Development (Brundtland Report), http://www.un-documents.net/wced-ocf.htm
sowie
http://sknworldwide.net/library/capacity/brundtland%20report%201987.pdf/
view, last access on 29 March 2010.
Weizsäcker, E.U.v., Lovins, A. and Lovins, H. (1997): Factor Four: Doubling wealth,
halving resource use – A report to the Club of Rome, London.

56

Folgende Bände sind bereits erschienen:
Band 1: Essen 2004, ISBN 3-89275-038-6
Die Entwicklung der Europäischen Union – eine Public-Choice-Analyse
Annette Mayer (Berlin)
Band 2: Essen 2004, ISBN 3-89275-039-4
Stand und Entwicklung des Internationalisierungsprozesses der externen
Rechnungslegung aus deutscher Sicht
Thomas Kümpel (Essen)
Band 3: Essen 2004, ISBN 3-89275-040-8
PERSONAL-SERVICE-AGENTUR. Eine Alternative der Arbeitnehmerüberlassung zur
Lösung des Beschäftigungsproblems in Deutschland?
Anja Seng, Silke Stöhrer (Essen)
Band 4: Essen 2005, ISBN 3-89275-042-4
Total Outsourcing? Ein neuer alter Trend auf dem Prüfstand unter Verwendung des
Transaktionskostenansatzes
Peter Kürble (Essen)
Band 5: Essen 2006, ISBN 3-89275-049-1
Interkulturelle Kompetenz: Methoden in der MBA Ausbildung und Strategien für die
Managementpraxis
Claudia Beier (Hg.) (Frankfurt am Main)
Band 6: Essen 2006, ISBN 3-89275-045-9
Die Entwicklung des Kündigungsschutzgesetzes im Hinblick auf die Entwicklung des
Arbeitsmarktes in Deutschland – Eine Dauerreform ohne Chance auf Erfolg? –
Hildegard Gahlen, Silvia Sikkinga (Essen)
Band 7: Essen 2006, ISBN 3-89275-046-7
Framework (IASB) versus GoB: Sinnvoller Auslegungsmaßstab oder leere Hülle? –
Ein Vergleich der Rolle des Framework IASB und der Grundsätze ordnungsgemäßer
Buchführung (GoB) für die Jahresabschlusserstellung und -prüfung –
Agnes Aschfalk-Evertz (Berlin)
Band 8: Essen 2007, ISBN 3-89275-047-5
The Benefits of Marketing Cooperations – Exemplified with „Der Club Bertelsmann“ –
Thomas Laukamm (Düsseldorf), Carina Hauswald (Bochum)

Band 9: Essen 2007, ISBN 3-89275-050-5
Status and Prospects of Automotive Ingredient Branding
Burghard Hermeier (Essen), Dietmar Friedrich (Essen)
Band 10: Essen 2007, ISBN 3-89275-051-3
Europäische Verfassung und Subsidiarität
– Eine institutionenökonomische Untersuchung zur EU-Ordnungspolitik
Rüdiger Knaup (Bochum)
Band 11: Essen 2008, ISBN 3-89275-054-8
Bewertung des Humankapitals als Herausforderung an das Personalcontrolling
Rudolf Jerrentrup (Essen), Stefan Terhorst (Bochum)
Band 12: Essen 2008, ISBN 3-89275-057-2
Empirische Studie REG.ING – Ingenieurausbildung für den regionalen Mittelstand in
Offenbach
Peter Scharf (Siegen), Bianca Krol (Essen)
Band 13: Essen 2008, ISBN 3-89275-058-0
Aktuelle Probleme im deutschen Bankensektor
– Eine kritische Analyse und mögliche Lösungsansätze
Eric Frère (Essen), Svend Reuse (Mülheim), Martin Svoboda (Brünn)
Band 14: Essen 2009, ISBN 3-89275-060-2
Die Total-Quality-Management-Scorecard
Eine praxisrelevante Weiterentwicklung
Manfred Selke (Essen), Kathrin Kückelmann (Essen)
Band 15: Essen 2010, ISBN 3-89275-062-9
Die Einführung einer flächendeckenden Integrierten Versorgung in der
Gesundheitswirtschaft – Bedingungen und Möglichkeiten
Michael Schütte (Essen), Daniel Homscheid (Bonn)

Über den Autor
Prof. Dr. Martin Skala
studierte Volkswirtschaftslehre an der Goethe-Universität Frankfurt, anschließend promovierte er am dortigen Lehrstuhl für Wirtschaftliche Entwicklung und
Integration über Südostasien. Zu seinen wissenschaftlichen Interessengebieten
zählen Internationale Wirtschaftsbeziehungen, Wirtschaftspolitik, Regionale
Integration, Institutionen- und Entwicklungsökonomie.
Er arbeitete in unterschiedlichen Funktionen u.a. für die Europäische Zentralbank, die International Finance Corporation/World Bank Group und die Gesellschaft für Technische Zusammenarbeit.
Seit acht Jahren ist er in der Lehre aktiv, zunächst als Lehrbeauftragter an der
FH Frankfurt und der Goethe-Universität Frankfurt, anschließend an der FOM
Hochschule für Oekonomie & Management als Professor für Volkswirtschaftslehre.

The paper presents and analyses the structure and consequences
of limits to growth, thereby highlighting the concepts of technology,
sustainability, and resources.
One central conclusion is that technological progress should not
be regarded as the omnipotent saviour for the sources and sinks of the
global system.

Die von Verbänden der Wirtschaft 1993 gegründete staatlich
anerkannte gemeinnützige FOM Hochschule für Oekonomie
& Management verfügt über 20 Hochschulstudienzentren in
Deutschland und ein weiteres in Luxemburg.
Weitere Informationen finden Sie unter: www.fom.de

Akademie
Verlag
ISBN 3-89275-065-3

