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1. Introduction

The emergence of ‘sustainable development’ as
a key concept in the debate surrounding
environmental issues has stimulated an inter-
disciplinary dialogue which has brought
together scientists from most divergent fields as
well as conflicting political and social groups.
The concepts of socio-economic metabolism
(basically the material input, processing and
releases of societies and
the corresponding energy
turnover) and colonization
of nature (activities which
deliberately alter natural
systems in order to render
them more useful for so-
ciety) we are presenting
below are attempts to re-
late the notion of ‘sustain-
able development’ to core
characteristics of society,
in a historical perspective.
We also hold that these
concepts can be helpful to
identify and operationalize
targets of and strategies towards sustainable
development.

The analysis of the metabolism and the
colonization strategies of different types of
society, distinguished by their modes of pro-
duction, their technologies, and their way of
life, provides, as we will try to demonstrate, a
useful framework for the discussion of the
socio-economic and cultural reasons of environ-
mental problems. It leads to the conclusion
that – independent of population growth – the
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scale of the per-capita metabolism of industrial
societies has to be tackled by strategies of ‘sus-
tainable development’, and that such strategies
can only be developed if the economic, techno-
logical, and cultural variables within industrial
societies influencing this metabolism and their
interactions are properly understood.

We proceed as follows: Section 2 explains
the notions ‘metabolism’ and ‘colonization’.
Section 3 gives an overview of the material

metabolism of industrial
societies, using data from
Austria, Germany, Japan,
the Netherlands, and the
United States, and compares
them with estimates for
hunter-and-gathering-socie-
ties and agrarian societies.
Section 4 then elaborates on
the energetic metabolism of
different types of society
and relates this to coloniz-
ation strategies and labour
intensity. Section 5 deals
with the feedback-mech-
anisms between societies

and the natural systems they exploit and tackles
the question why it is so hard for industrial
societies to perceive their sustainability prob-
lems.

2. The concepts of
‘metabolism’ and
‘colonization’
Essentially, metabolism is a biological concept
which refers to the internal processes of a living
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organism. Organisms maintain a continuous
flow of materials and energy with their environ-
ment to provide for their functioning, for growth
and reproduction. In an analogous way, social
systems convert raw materials into manufac-
tured products, services and, finally, into wastes.
This way of looking at the society-nature-inter-
action as a matter of physical exchange dates
back as far as Marx and was revived with
‘ecological economics’ (Ayres and Kneese
1969, Boulding 1973). Similar ideas and con-
cepts have also been used in UNESCO’s ‘Man
and the Biosphere’ (MAB) program for the
analysis of the ecology of cities (e.g. Boyden
1992, Vester 1976).

The analysis of society’s metabolism pro-
vides a framework to distinguish cultures,
societies or regions according to their character-
istic exchange relations with nature. First you
can just look at the overall ‘scale’ of this metab-
olism with regard to the following two aspects:

(1) Materials throughput: The societal metab-
olism may be measured as materials
throughput [kg.yr–1] for nutrition, shelter,
clothing, buildings etc. This of course fol-
lows the law of conservation of mass: The
input per unit time equals the output (i.e.
emissions, wastes) plus changes in stock. In
the long run input equals output. The scale
of a society’s metabolism at least equals,
but is typically much larger than the sum
of the biological metabolisms of its popu-
lation.1

(2) Energy throughput: Like any other dynamic
system of material stocks and flows, social
systems are driven by an energy flow. Every
society has at least the energy turnover cor-
responding to the sum of the biological
energy requirements of its members. Now-
adays, in industrial societies the energy
input per capita typically amounts to more
than 40 times the biological energy require-
ment of humans.

A society’s materials and energy input per
capita and year is largely determined by the
mode of production and the style of life associa-
ted to it. We term this the ‘characteristic meta-
bolic profile’ of a society. A social system’s
overall input of energy and mass is then its
characteristic metabolic profile times the size of
its population.
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Beyond scale, qualitative distinctions have
to be made. A society may live from the
‘renewable resources’ it can draw from the bio-
sphere (or, even more narrowly, from its local
or regional biosphere). This‘basic metabolism’
rests upon the natural reproduction of resources:
freshwater, air, and plant or animal biomass. For
each of these resources there exists a ‘natural
recycling mechanism’ that transforms the
releases from social metabolism into useable
inputs again. Most societies in human history
had nothing but such a basic metabolism. They
could deplete their environment of resources if
the rate of consumption exceeded the rate of
natural reproduction. Their main environmental
and ‘sustainability problem’, therefore, was
resource scarcity.

An ‘extended metabolism’, in contrast,
largely relies on the mobilization of resources
from outside the biosphere, so-called ‘non-
renewable resources’ such as fossil fuels, metals
and other minerals from geological deposits.
The notion of ‘extended metabolism’ is similar
(but not identical) with Boyden’s (1992) notion
of ‘technometabolism’. Huge stores of non-
renewable resources exist and can be used at
rates vastly surmounting their natural replenish-
ment. Thus this extension of metabolism, in
combination with technological innovation, is
able to alleviate problems of resource scarcity,
at least temporarily, i.e. until the geological
deposits are exhausted. Unfortunately, however,
new problems on the output side become more
important: waste deposition and pollution.

Of course, outputs from renewable
resources may also be environmentally detri-
mental, e.g. by causing hygienic problems or
eutrophication. But the mobilization of materials
that had been stowed away in subterrestrial
sinks for geological time periods into the bio-
sphere kicks off biogeochemical processes
which may overcharge the capability of ecosys-
tems for gradual evolutionary adaptation. As the
globally mobilized amounts of materials
increase exponentially, anthropogenic inter-
ference into natural biogeochemical processes
becomes ever-more prominent. As for example
Ayres and Simonis (1994) demonstrate, the
amount of carbon, nitrogen, sulphur and phos-
phor mobilized by the societal metabolism of
industrial societies ranges from five to several
hundert percent of natural processes. While



575Socio-economic metabolism and colonization of nature

locally and regionally pollution problems have
been known for a long time, global long term
effects such as climate change and the ozone
hole are novel consequences of the large-scale
extended societal metabolism. As an aside we
may note that the difference between a more
or less basic and an exended metabolism is
also mirrored in differences of perception of
‘environmental problems’ between the highly
industrialized countries – who focus on prob-
lems of pollution – and the developing coun-
tries, who focus on scarcity of food and fresh-
water (Redclift 1993).

What is ‘colonization’ then? In order to
maintain their metabolism, societies transform
natural systems in a way that tends to maximize
their usefulness for social purposes. Natural
ecosystems are replaced with agricultural eco-
systems (meadows, fields) designed to produce
as much usable biomass as possible, or are
converted into built-up space. Animals are dom-
esticated, genetic codes of species are altered
to increase their resistance against pests or pes-
ticides, or to produce pharmaceuticals. Such
interactions between social and natural systems
cannot be understood as metabolic exchanges
of matter and energy. They bear a different
character. After the Latin term for peasant
‘colonus’ we termed this mode of intervention
into natural systems ‘colonization’ and defined
it as the conundrum of social activities which
deliberately change important parameters of
natural systems and actively maintain them in
a state different from the conditions that would
prevail in the absence of such interventions
(Fischer-Kowalski et al. 1997).

Colonization can be viewed as a strategy
to secure the future availability of natural
resources. This strategy constituted the core of
the ‘neolithic revolution’ – the ‘invention’ of
animal husbandry and farming. Besides hunting
for increasingly scarce deer, and gathering
edible plants distributed over large areas, goats
and sheep were captured and bred, and grains
were sown on soil prepared for growing them
in high concentrations. In the course of the last
10,000 years most human societies adopted such
strategies – but often only under severe environ-
mental pressure (Vasey 1992): Colonization
means a considerable increase in human labour.
The maintenance of colonized natural systems
to keep them in a socially desired state implies
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the investment of a more or less continuous
effort (and usually also materials). Moreover,
the attempt to control some parameters of a
natural system may involve social systems into
a spiral of ever more demanding control efforts:
Once crops are planted, irrigation must be
organized. Once there is irrigation, soil salinity
must be controlled by periodical flooding. To
be able to do so, dams have to be constructed.
To maintain these dams, a society must keep
labourers and security forces, and so on. With
every innovation, with every further step, the
risk at stake is becoming larger (Sieferle and
Müller-Herold 1996) and the neccessary efforts
increase. To raise and maintain that continuous
investment puts high demands on social
organization.2

Intuitively one is tempted to conceive of
‘colonized natural systems’ spatially, as a differ-
ence between ‘cultivated land’ and ‘wilderness’.
While this concept may indeed be useful for the
analysis of land-use and the spatial distribution
of social activities, we prefer a sufficiently
abstract notion of ‘colonization’. Social activities
which colonize natural systems may intervene
on different levels. The most obvious inter-
ventions take place on the level of biotopes:
agriculture and forestry deliberately transform
biotopes in order to make them more productive
for types of biomass society needs (‘renewable
resources’), and less productive for other
biomass. Similarly transformations of the water
household (construction of dams, draining, irri-
gation, etc.) intervene on this level. But the
interference may also take place on levels below,
such as the level of organisms or even the level
of genomes, which means an intervention into
biological evolution (such as traditional breeding
or modern biological techniques). We expect
many links between the colonization strategies
and the social organisation of societies. Histori-
cally it seems obvious that societies increasingly
draw all their ‘renewable’ resources from highly
colonized environments. The proportion of
nutrition from non-colonized environments (i.e.
‘exploitation’ such as fishing, hunting and
gathering) seems to decrease continuously,3 as
does for example the proportion of water utilized
from ‘wild’ sources (as compared to water from
technical structures).

The sustainability problem invoked by
societal metabolism appears to be that its scale
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may exceed the carrying capacity of natural
systems, be it in the supply of resources or the
absorption capacity for wastes and emissions.
By contrast, the sustainability problem involved
with colonization, beyond its ecological effects
(see section 4) is that it may exceed the ‘carry-
ing capacity’ of the social system, that is the
amount of available labour and/or organiza-
tional capacity.

3. Socio-economic
metabolism under industrial
conditions compared to other
modes of production

As mentioned above, one can think of two
reasonable ways to look at the scale of the
metabolism of a society: It can be oper-
ationalized as materials or energy flow and may
thus be counted as kilograms or Joules per year.
Of course, the same material can be part of
both flows (e.g. mineral oil), but some will only
be relevant as a materials flow (e.g. gravel,
sand), and others, such as electricity, may be
materially irrelevant, but an important source
of energy.

Materials are extracted from nature, used
and transformed in one way or another within
society, and are eventually returned into natural
cycles as wastes or emissions. Using standard
economic statistics, this can be accounted for
in a more or less simple input-output calculation
in material units [kg.yr-1] on the basis of metho-
dological assumptions and conventions that are
gradually being agreed upon internationally
(Adriaanse et al. 1997, Ayres and Simonis 1994,
Bringezu et al. 1997). The result is a kind of
material ‘national product’, with kilogrammes
or tons instead of a currency serving as account-
ing unit. Divided by the size of the population,
this figure provides a measure of the per capita
metabolism of an average member of a
society – the characteristic metabolic profile.

This characteristic metabolic profile may
be used – as we will show below – to compare
different modes of production (hunter and gath-
erers, agricultural societies) in a broad historical
perspective. It can also serve as a ‘quick and
dirty’ appraisal of the pressure which a society
exerts on the environment. And it contributes to
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our understanding of the inter-relations between
natural, social, and economic processes which
are relevant to sustainable development (see
section 5 of this paper).

One may, of course, challenge the pre-
sumption that the total material throughput of
a socio-economic system is a reasonable meas-
ure of its pressure on the environment. If we
go by the Austrian and the German data
(Bringezu and Schu¨tz 1996, Hüttler et al. 1996),
this throughput consists of about 95% water
and air and only of about 5% other material
inputs. The high consumption of water and air
is indeed a generic characteristic of industrial
metabolism and a direct consequence of the
energy intensity of this mode of production:
large amounts of oxygen are consumed in tech-
nical combustion (much beyond what is needed
for the breathing of humans and livestock, and
biomass combustion in open fires under hunter-
gatherer or agrarian conditions), and released
into the atmosphere as H2O and CO2 (combined
with the hydrogen and carbon content of the
fuel). The high water consumption is due to the
cooling of engines (about half of the freshwater
input serves that purpose in Austria).

In terms of pressures on the environment,
the demand for air seems to be irrelevant if we
focus on the input side: there is no reasonable
concern about a possible scarcity of oxygen.
The metabolic output, however, is highly rel-
evant. For example, CO2 is an important chal-
lenge to the global climate. Freshwater, on the
other hand, is indeed a very scarce resource in
many parts of the world (not, of course, in
England, the motherland of the industrial mode
of production), and will just not be available
everywhere in the required amounts. Its extrac-
tion from exhaustible fossil groundwater
sources, or – requiring a very high energy
input – from seawater, generate environmental
problems of their own. As a consequence, it
seems clear that the socio-economic use of air
and water does put serious pressures on the
environment, even if these are not considered
to be in the same proportion to their physical
weight as with other raw materials.

Let us now disregard water and air, and
focus on the raw materials input in a more
narrow sense of the word (table 1). There, ‘non-
renewable resources’ make up for at least half
of the input in industrial metabolism.5
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Industrial production of pigs, Los Ban˜os, California, USA.Vincent Menzel/Cosmos

Table 1 presents the raw materials input
for five industrial countries. While there still
seem to exist some methodological inconsist-
encies hampering international comparability,
the numbers and distributions are similar
enough to support a concept of a ‘characteristic
metabolic profile’ of the industrial way of life.
It amounts to a resource consumption of about
20 metric tons per inhabitant and year. This is

Table 1. The characteristic metabolic profile of industrial societies: domestic use of materials (i.e. domestic extraction
plus imports minus exports) in 1991. The table includes only used materials, excludes air and water and ‘hidden
flows’ (overburden, erosion) and excavation materials.

Austria Japan W. Germany The Netherlands USA Unweighed
(1990, before arithmetic mean
unification)

Biomass 5.6 1.4 3.3 10.2 3.1 4.7
Oil, coal, gas 3.0 3.3 4.9 6.4 7.7 5.1
Metals, minerals, others 11.2 11.7 10.5 6.4 8.9 9.7
Total domestic consumption 19.8 16.4 18.5 22.4 19.7 19.5
(Population in millions) (7.8) (124.8) (63.2) (15.0) (252.3) (5 countries)

Sources: Calculated from Adriaanse et al. (1997) and Hu¨ttler et al. (1997)
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equivalent to a daily resource input of about 60
kg.cap-1.yr-2 or about the average body weight
of a member of the population. This material is
divided up more or less evenly between energy
carriers (that is biomass, as the renewable frac-
tion, and fossil energy carriers such as coal, oil
and natural gas), on the one hand, and metals
and minerals on the other hand. While much
of the energy carriers is used and transformed
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very quickly, and is then discharged to the
environment (mainly to the atmosphere as H2O
and CO2, but also as manure and wastes), at
least half of the metals and minerals supposedly
is added to the existing stock of socio-economic
infrastructure, e.g. roads, buildings, and other
long term uses (Adriaanse et al. 1997, Bringezu
and Schu¨tz 1996, Hüttler et al. 1996).

The characteristic metabolic profile of
industrial societies can be compared to the scale
of metabolism which – using historical and
anthropological data – can be estimated for
other modes of production. For the Central Eur-
opean Region, we estimated the current meta-
bolic profile to be about 40 times larger in scale
than that of hunter and gatherers (including air
and water). Contemporary industrial Europeans
use about 10 times as much air, 20 times as
much solid ‘raw materials’ and 60 times as
much water.6 Accordingly, each inhabitant of
industrial society puts an amount of pressure
on the natural environment which is several
times larger than that of his or her prede-
cessors’.

Figure 1 attempts a comparison of the
material and energy input of hunter-and-gather-
ing societies, an example from an agrarian
society – To¨rbel 1875 – and the average con-
sumption of the industrial societies for which
we have data (see table 1). To¨rbel, a small
village in Switzerland, has been investigated in
an in-depth study by Netting (1981) which
allows an estimate of its metabolic profile. A
comparison of the three social formations yields
a three- to fivefold increase in the scale of
metabolism each time, both for the materials
and for energy use.

The increase of metabolic scale from hun-
ters and gatherers to agrarian societies is mainly
a consequence of the different amounts of
biomass required. This is mainly due to the
changing socio-economic status of animals. For
hunters, animals are booty (and food, clothes,
tools etc. subsequently). The food they require
comes from natural cycles. For farmers, animals
are livestock, socio-economic property. They
have to be fed, fenced in and housed, in order
to be able to use their products for human
nutrition, and their strength for performing
physical labour. All the materials required for
this have, of course, to be considered as part
to the socio-economic metabolism. The village
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of Törbel as an Alpine village particularly
depends on livestock: milk and cheese make up
the most important part of the human diet in
this agricultural example. A more vegetarian
agrarian culture could be expected to live on a
much smaller biomass-input (see for example
the analysis of a contemporary rural village in
India by Metha and Winiwarter 1997). Of
course, agrarian societies also use minerals and
other materials. But the amount is very small
and was neglected in figure 1. Had we used a
more urban agrarian example, their proportion
might have been somewhat higher.

The increase in metabolic scale between
agrarian and industrial society is mainly due
to new components: fossil energy carriers and
considerable amounts of minerals and metals.
The biomass fraction shows only a small
increase. Note, however, the considerable
increase in the consumption of the ‘renewable’
resources air and freshwater discussed above.
This marks the transition from a ‘basic’ to an
‘extended’ metabolism.

As a consequence, we may ask the follow-
ing question: If human cultural development, or
‘progress’, is accompanied and possibly achie-
ved by an increase in the per capita scale of the
socio-economic metabolism of several orders of
magnitude, how was this managed in the past,
and what does this mean for the future? This
question is even more intriguing, if we take
into account that currently about 70% of the
world population live under more or less agr-
arian conditions, striving for an industrial way
of life.

4. Some reflections on
energetic metabolism, the
need for colonizing nature,
and society’s labour intensity

The increase in scale of metabolism from hunter
and gatherer to agrarian societies mirrors the
invention of ‘colonization’, or, as Sieferle
(1982) by a similar line of reasoning calls it,
the transition from an ‘unmanaged’ to a ‘mana-
ged’ solar energy regime. Without colonizing
interventions, e.g. the clearing of woods, the
selection of species to be grown, the ploughing
of the soil, the breeding of favorable races of
animals etc., this leap in socio-economic
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Figure 1. Characteristic metabolic profiles for different social formations.Sources: hunter and gatherers: own estimates based on

Harris (1991), agrarian society: To¨rbel 1875 (Netting 1981), industrial society: average of Austria, Japan, Germany, The Netherlands, and the USA.

material and energy consumption would have
been neither possible nor required.

It would not have been possible, because
in unmanaged ecosystems a comparable concen-
tration of edible plant biomass and density of
animals to be hunted would never have existed.
And it would not have been required, since
hunters and gatherers don’t have to grow the
food for their game. Under agrarian conditions
the population density rises roughly by a factor
of 10. At the same time, the per-capita energy
extraction from the environment is about four
times higher than before. Nevertheless these
societies manage to maintain this tremendously
increased total energy input while keeping their
environment inhabitable – at least for some hun-
dred or thousand years.

What, then, is the price? On the part of
society, the main price seems to be increased

 UNESCO 1998.

labour. Labour does not only have to be
invested in metabolic activities (such as picking
plants or hunting), but beyond into colonizing
activities: Ploughing, regulating rivers, building
fences, weeding, feeding, constructing stables
etc. In a hunter and gatherer society, an increase
in labour, in the longer run, does not increase
returns. It rather depletes the environment more
effectively, and thereby exacts more frequent or
farther raids that soon prove to be self-
defeating. So hunter and gathering societies tend
to have a cultural preference for idleness
(Sahlins 1972). Just the opposite holds for agra-
rian societies: With a mode of production based
on colonizing the environment, an increase in
the amount of labour does indeed improve
returns. Thus they tend to be organized in a
way which secures the continuous application
of a lot of labour: by religious beliefs, for
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example, that honour hard work, by hierarchies
and enforceable property rules that protect the
fruit of this labour. We believe that many com-
mon attributes of agrarian societies can be better
understood by the functional neccessity to sus-
tain a high amount of colonizing labour than
by technological development, as is usually
argued in the Marxist tradition.

On the part of the environment, there is a
price to be paid, too. As societies try to ‘opti-
mize’ natural systems according to their prefer-
ences, profound changes occur. Some of them
may be intended, others may be side-effects.
These changes may affect ecosystems, organ-
isms, or even the genome. For example, by
regularly ploughing the soil, agriculture keeps
natural ecosystems in an early successional
stage and thus excludes woody species.
Additionally, by sowing, the farmer defines
which species should grow. Nearly all relevant
system parameters (energy flow, food chains,
species composition and diversity etc.) are
affected by these and all other colonizing inter-
ventions. Note that these changes may be valued
positively or negatively, depending on the point
of view. Thus it appears to be useless to ask
if colonization per se is ‘good’ or ‘bad’ for
the environment.

As an example, we will focus on one
aspect of colonization related to biomass utiliz-
ation by agriculture and forestry. As the amount
of societal biomass utilization reaches higher
proportions of the naturally available biomass,
there is a strong selection in favor of animals
and plants that humans need (and some others
less popular among humans, such as mice and
rats). Patterns of competition and hence selec-
tion criteria for wildliving species are altered
and many species become extinct.7 Even worse,
if a territory is exploited beyond its carrying
capacity, it may experience irreversible degra-
dation. Thus agricultural colonization serves the
purpose of optimizing the use of solar energy
available in a readily usable form, i.e. biomass –
but it is contained within certain limits given
by the size of the territory, its soil and climate.

For an appraisal of the ecological limits to
biomass utilization, the notion of ‘net primary
production’ (NPP) is of outstanding signifi-
cance. The NPP is the amount of solar energy
that green plants can annually incorporate as
biomass. It is the nutritional base of all hetero-
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trophic life. Humans live on it as well as all
animals and all microorganisms that are not
capable of photosynthesis. The amount of NPP
of green plants depends mainly on climate
(temperature, water availability) and soil qual-
ity. On a planetary scale NPP can only be
marginally increased by human techniques.
More easily it can be (and actually is) reduced
through overuse of land and subsequent degra-
dation. While it is technically feasibly to
increase the NPP of cultivated land compared
to the previously existing natural ecosystems
(above all by irrigation in dry regions), many
anthropogenic biotopes, such as cornfields or
orchards, are less productive than the natural
ones that would prevail in the same region, such
as natural forests. Thus agriculture, forestry, and
construction contribute to an ‘appropriation’ of
net primary production for societal needs in
two ways: (1) by reducing the amount of NPP
produced by green plants (by preventing the
growth altogether by constructing buildings or
roads or by reducing the productivity of ecosys-
tems, e.g. by clearing forests and replacing them
with less productive agricultural systems as for
example meadows) and (2) by harvesting
biomass and using it for social needs – be it
food for humans, fodder for livestock, or wood
as fuel, construction material etc.

The proportion of NPP appropriated by
society, therefore, is a good indicator of the
scale of the societal metabolismvis-à-vis its
natural environment. If a society appropriates
more than 100% of the NPP, it consumes more
than what is growing and very quickly depletes
its one and only nutritional base. Practically,
the 100% limit is much beyond what can be
exploited sustainably, because this would mean
that there would not be any nutritional energy
left for all other wildliving heterotrophic organ-
isms – animals, microorganisms and fungi.
While we have no clear indication as to which
proportion of NPP may be sustainably appropri-
ated, there are good reasons to suspect that
excessive NPP appropriation results in species
loss. Thus there must be some limit to the
proportion of NPP appropriation well below
100%.

For agricultural societies, which depend
nearly exclusively on energy originating from
biomass, limits to NPP appropriation constitute
an absolute boundary, however inventive and
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Waste products of industrial civilization, 1981.L. Psihoyos/Matrix/Cosmos

efficient their technologies may be (Smil 1991).8

Thus the energetic metabolism of agricultural
societies cannot exceed a certain point.

The enormous increase in the scale of
metabolism in the process of the industrial rev-
olution was only possible by a shift from
biomass to fossil fuels, i.e. coal, oil, and natural
gas. Towards fossil biomass industrial society
behaves like previously hunters and gatherers:
it just exploits it without caring for its repro-
duction. This does not, however, imply that the
biomass use of industrial societies is lower than
that of agricultural societies. Even for industrial
societies, NPP remains an important boundary,
since it remains their sole source of nutritional
energy for humans and livestock. To some
extent, these boundaries are extended because
agricultural yields per unit area can be signifi-
cantly raised by ‘fossil fuel subsidies’ (tractors,
fertilizers, pesticides).

This does not, however, reduce NPP appro-
priation. According to Vitousek et al. (1986),
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contemporary human societies appropriate about
one third of the global terrestrial NPP and –
as a result of population growth alone – this
percentage may be expected to double within
the next 35 years (Meadows et al. 1992).
According to Haberl’s (1997) calculations, the
Austrian society appropriates 41% of the above-
ground NPP on its territory. The overall energy
consumption (biomass, fossil sources, and
hydropower) exceeds the hypothetical NPP of
the natural vegetation prevailing in the absence
of human interference on Austrian territory by
more than 10%.

If one single species (together with its
domesticated animals) needs half of the
nutritional base of all animal species together,
it can be expected to compete the rest to extinc-
tion. For example, as Smil (1991) has estimated,
humans and livestock account for 96% of the
total global biomass of terrestrial vertebrates –
indeed a stunning proportion. A similar argu-
ment may be applied to the relation between
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the industrialized countries of the North and
the – mainly agrarian and industrializing –
countries of the South. By their excessive
metabolism the industrialized countries just do
not leave enough environmental space (be it in
terms of raw materials or natural absorption
capacity for emissions) for the South to develop
along the same paths.

5. How can industrial
societies perceive their
sustainability problems and
respond to them?

In the previous sections we have tried to show
that the current problems of global environmen-
tal change are consequences of the quantity and
quality of the metabolism of industrial societies,
and of the quantity and quality of colonizing
interventions into natural systems necessary to
secure the required resources. The main con-
clusion which follows from this argument is
that a policy towards sustainable development
of industrial societies should focus on strategies
to reduce material and energy turnover. This
would imply a concentration of efforts on a
strategic level instead of traditional sectoral
approaches of environmental policy. We believe
that this is a necessary prerequisite to tackle
the driving forces behind global environmental
problems.

Such strategic efforts for sustainable devel-
opment require substantial changes of existing
structures and dynamics. Thus they can only be
implemented if there is a broad consensus on
their necessity and suitability. It is a key ques-
tion, therefore, how industrial society may per-
ceive its sustainability problems. Although
many people may be convinced that climate
change actually is a problem, that the destruc-
tion of the ozone layer is real, and that biodiv-
ersity is being destroyed, fundamental changes
of current policies still remain an intellectual
exercise in obvious contradiction to most of
industrial society’s everyday experience.

Hunter and gathering societies could
experience that they hunted or harvested too
much or too effectively. If this was the case,
they then had to wander about ever more to
find appropriate nutrition. They could realize
that there were too many mouths to be fed for
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a given environment, and culturally downsize
their procreation. Similarly with agrarian
societies: They were able to learn from the
consequences when they exploited the soil too
much, or had too many animals to feed on, and
accordingly improve their balance. With respect
to procreation, however, there was a double-
bind: Child labour improved their conditions of
living, and having children increased survival
rates in old age. On the other hand, an increas-
ing number of mouths could not be fed. There
was a dilemma that could not be resolved by
most agrarian societies in a sustainable way
(Netting 1981).

But what do industrial societies experi-
ence? Their experience tells them that raw
materials are becoming cheaper, agriculture is
producing an excess of goods that cannot be
sold on regular markets for regular prices, their
population lives ever longer, maybe even
healthier and more comfortably. They do not
depend on their territories but, on the contrary,
gain a lot by far-reaching exchange and trans-
port; they better keep their growing labour
forces busy most of the time, although it may
be hard to procure a sufficient amount of work;
they can mitigate their internal social tensions
by economic growth and, finally, most parts of
the world strive to imitate their mode of pro-
duction and living. Why, then, should they
believe in intellectual, scientific insights rather
than in their reinforcing day-to-day experience?

The problem, therefore, of taking a turn
towards a more sustainable mode of production
and living is to create conditions that provide
society with different experience – with kinds
of experience that make the right alarms ring.

In figure 2 we take a systemic look at
the type of problem industrial societies face, if
development towards sustainability means sca-
ling down metabolism. The system is modelled
as a positive feedback-loop between three quan-
tities: ‘quality of life’, ‘prosperity’ and ‘metab-
olism’. The problem consists in delinking
‘metabolism’ both from ‘prosperity’ and from
‘quality of life’. This bears some similarity to
the way Meadows et al. (1972) put the problem:
There it was argued that continued economic
growth (‘prosperity’) invariably meant environ-
mental degradation and, therefore, should come
to a halt. On the other hand it was argued that
you could delink improvements in the quality
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Figure 2. A systems model for the interrelations of monetary, physical and wellbeing dimensions.

of life from economic growth, or that further
economic growth was not needed to improve
quality of life. This ‘zero growth formula’ met
harsh political rejection. We explicitly triangu-
late the argument: It is not economic growth
that puts a pressure upon the natural environ-
ment, but it is the growth in physical amounts
of energy and materials a society processes.

Economic growth typically leads to a
growth in physical terms, but this does not
neccessarily have to be so. Even under given
circumstances the two dimensions do not grow
proportionally (Adriaanse et al. 1997, Fischer-
Kowalski et al. 1997). On the other hand, does
an increase in wellbeing presuppose an increase
in material and energy consumption? In a bot-
tom range it obviously does: As long as there
is not enough food, warmth and shelter, the
quality of life can only improve if the necces-
sary material preconditions are provided for.
But beyond this it may well be a matter of
culture how many material goods are required
for wellbeing.

Let us now look at the factors mediating
between the nodes of the triangle in figure 2.
We presuppose an economic growth mechanism
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to be at the very core of industrial market econ-
omies. It does not really matter for this purpose,
whether this be viewed as the ‘procreative’
force of industrial capital (as Meadows et al.
[1972, 1992] assume), as an inevitable bypro-
duct of market competition in conjunction with
interest, or as a continuous defense of capitalist
profits as in the Marxist tradition. The degree
to which this mechanism also drives physical
growth depends on production structure and
technology. The more an economy provides for
‘services’ instead of ‘goods’, the less direct the
growth impulse will be. And if the resource
efficiency of technology – in the sense of pro-
viding for a certain commodity or service with
the least amount of material and energetic
waste – is improved more quickly than the
economy grows, material and energy throughput
can even decrease. This, at least, is the hope
invested into an ‘efficiency revolution’ (e.g.
Schmidt-Bleek 1994, Weizsa¨cker et al. 1995,
Meadows et al. 1992).

As examples show, there is quite a margin
for the raise of efficiency. This has been parti-
cularly well studied for the use of energy: Many
studies arrive at technical saving potentials well
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above 50% of current consumption, indicating
that the same services could be procured using
only half of the current amount of energy
(Krause et al. 1993). But the realization of such
potentials is among others a matter of relative
prices. During the last decades the international
division of labour steadily cheapened raw
materials, while, at the same time, it raised the
price of industrial labour. Therefore, the priority
has been to curb expenditures on labour, instead
of developing more efficient forms of utilizing
natural resources. But particularly in Europe it
is not only the costs created by markets, but
also a relevant margin of ‘political costs’ that
increases gross wages by about 50% (taxes,
social insurance etc.). This is exactly what a
‘social-ecological tax reform’ as now considered
by several European countries is trying to tac-
kle. Social-ecological tax reform implies a grad-
ual shift from taxing wages to taxing energy or
resources. If one pursues this course of action,
labour intensive commodities and services will
become cheaper, whereas energy-intensive com-
modities will become more expensive. Such a
shift in relative prices may be expected to pro-
mote technologies which economize on natural
resources. According to various studies pursuing
this course of action would not curb economic
growth, but reduce unemployment, energy con-
sumption, and CO2 emissions (Krause et al.
1993).

Still the possible effects of an ‘efficiency
revolution’ induced by a shift in prices should
not be overestimated. In no way can we see a
material and/or energetic reduction by Schmidt-
Bleek’s (1994) ‘factor 10’ or Meadows et al.’s
(1992) ‘factor 8’ to be achieved by such means.
As we showed above, the overall per capita
energy consumption (including food) of a farm-
ing village in the last century was just by a
factor of 5 smaller than that of contemporary
Austria.

But let us now look at the axis between
‘quality of life’ and ‘metabolism’. These quan-
tities are mediated by modes of living, by cul-
turally defined models of a ‘good life’, and,
maybe less obviously, by the modes of social
distribution of goods and property.9 With a pre-
dominantly secular and individualistic culture
that leaves the regulation of life styles to mar-
kets there seems to be little political margin of
influencing changes towards a more sustainable
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development. Since an ‘automatism’ towards
‘postmaterial values’ cannot be expected
(Dunlap and Mertig 1994), various mediating
processes have to be looked upon more closely.
In the following we will select some of the less
obvious ones for illustrative purposes.

Vegetarianism: A change towards a more veg-
etarian diet, maybe brought about by sheer
health arguments, could reduce societal metab-
olism by 10 to 20% and would also be a very
potent strategy in reducing metabolism in terms
of energy.

Reduction of regular working hours:Reducing
the ‘regular number of hours worked’ promises
to be a measure with similar far-reaching effects
for the mode of living, as a socio-ecological
tax reform might be for ecological efficiency.
In most industrial countries it is only the min-
ority of predominantly middle-aged males that
works ‘normal hours’ (European Centre, 1993).
It is this group of employees, however, that
staffs highly influential positions when it comes
to determine the standards of ‘normality’ of
ways of living. Their cultural position is caus-
ally related to the high and increasing degree
of energy and resource consumption. Whoever
works that hard claims the right to indulge in
luxury and comfort, is eager to avoid the chores
of everyday life and usually does not have
enough time to provide for his well-being in
any other ways than those provided by material
commodities. If this dominant model of allocat-
ing time declined, many material compensations
sought might become redundant; eventually,
they might be substituted by services which are
more effective to achieve the satisfaction of
needs and wants. It is rarely effective to buy a
new skirt if one is lovesick, to bet one’s luck
on a sportscar for fear of being impotent, or to
substitute lack of affection by lavishing ever
newer toys on children.

Moreover, it may be reasonable to assume
that a substantial part of excessive consumption
of materials is caused by the fact that consumers
are short of time. This involves the whole range
of gadgets from hiring taxis to ready-made
meals, from energy used for driers to countless
decisions in favour of replacement instead of
repair. It would be a rewarding objective of
research and social experimentation to explore
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the room for manoeuvre available in this
respect. For example, a strategy that seems
worth exploring is to compensate for pro-
ductivity increases by means of time rather than
with money. With an average productivity
increase of some 2% per year this would imply
an annual reduction of four working days. There
would be a degressive effect on the income
structure: one can hardly offer eight extra days
to a manager and one to a secretary. Of course,
productivity gains are not distributed equally
across the economy – but this problem is being
resolved with wage-increases as well. Histori-
cally speaking, it is interesting to note that the
lower class culture of ‘hard labour’ that was
established in the agricultural era – where it
was quite neccessary considering ecological
conditions – has been generalized for all classes
in industrial society where this patently is eco-
logical nonsense.

Cultural variety: There must be room for
social and cultural experience of different ways
of life. The gradual dissolution of traditional
family structures and regional communities,
migration movements, the omnipresence of mar-
kets, bureaucracies and the media, and the lack
of affection and social recognition, including
the deficiency in ‘positional goods’ associated
with that – are phenomena which frustrate an

ever-increasing number of people in their
endeavour to gain recognition within their social
environment. As a result, more and more efforts
are spent to achieve this by means of spectacu-
lar expenditure of energy as well as of
resources, or by means of intimidation and viol-
ence. Thus policies that permit and support dif-
ferent modes of living also support a kind of
cultural ‘biodiversity’ generating the chance
for changes.

Finally it seems that the predominantdis-
tribution model in industrial societies, i.e. a
fairly steep gradient in the amount of goods and
property controlled, but an egalitarian ‘equal
chances’ ideology at the same time, fosters the
continuous striving to achieve at least as much
as the ones just above oneself and provides a
powerful growth mechanism. Thus a more equal
income distribution, or maybe just a further
loosening of the correlation between various
hierarchical dimensions (income, education, age
etc.), would help to reduce pressure towards the
acquisition of material goods.

We don’t feel able to even estimate the
reduction potential for societal metabolism
inherent in changes of the mode of living. It
seems quite obvious though, that the material
and energetic efficiency in the production of
human wellbeing could be greatly improved –
for the sake of a more sustainable development.
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* We are indebted to Mart Stewart,
Western Washington University,
Bellingham, for his comments on
an earlier version.

1. In order to be able to define
material flows from the
environment into the social system
and back to the environment,
system boundaries have to be
properly specified. It causes
remarkable empirical differences if
this is not done in an unambiguous
way. We suggest to define as
physical stocks of a society its
human population, its durable
artefacts (such as buildings,
infrastructure and machines) and its
animal livestock. Every material

flow used to produce and reproduce
this stock, then, is part of society’s
metabolism (see Fischer-Kowalski
et al. 1997 for greater detail).

2. A historical example is
represented in Wittfogel’s (1955)
famous analysis of the relationship
between the need to organize and
maintain large irrigation systems
and the origins of elaborate
hierarchical differentiation in early
empires.

3. One of the more recent
developments is the expansion of
‘aquaculture’ in fishing.

4. Owing to editorial restrictions
we refrain from including broad

descriptions of methods, data
sources, and many of the
references. Research papers with a
more exhaustive framing are
available from the authors on
request.

5. As the Wuppertal Institute and
the World Resources Institute show
(Bringezu and Schu¨tz 1996,
Schmidt-Bleek 1994, Adriaanse et
al. 1997), there are large materials
flows ‘hidden’ behind the direct
material input of used materials.
These ‘hidden flows’ never become
commodities in the economic sense.
They may consist of overburden
from mining, excavation materials
from construction, eroded soil or, as

Notes
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is sometimes argued, even the
amount of soil turned over in
ploughing. Depending on their
definition and the applied
estimation methods, these ‘hidden
flows’ can amount to twice as
much as the ‘used materials’ (or
‘direct material inputs’ in the
terminology of Adriaanse et al.
1997). On the basis of this
definition, the ‘total material
requirements’ of industrial countries
can easily amount to more than 80
tons per capita and year (Adriaanse
et al. 1997, 23).

6. Estimates for hunters and
gatherers were based on the
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