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The world economy is experiencing the turbulence of the end of a long wave of development that precedes its
entry into the new cycle, on which the 21st century will leave its mark. Two opposite economic logics are pro-
posed to solve the challenges faced by the Earth: The first one is the conventional one based on the manage-
ment of scarcity which corresponds to Malthusian ecologists. The second, the management of abundance, is
a very non-academic answer with the Prigogine’s thermodynamical approach of economics, and the inclu-
sion of knowledge in the production function. The proof of the analogy between Shannon’s definition of en-
tropy and the Clausius’s one opens the way to a new vision of Economy, abandoning the so-called politicaly
correct approach of shortage management for the benefit of an Economy of abundance. The apply of
Prigogine’s concept of thermodynamic open system allows to break the deadlock of the green neo-Malthu-
sianism ideology which is only able to make the poor even poorer and more numerous and to prophesy the
end of the world.
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INTRODUCTION
By exploitation of natural resources ever more in-

tensively, the western economies have succeeded, so
far as they are concerned, in banishing the specter of
shortages which have bedevilled human societies from
time immemorial. Both of these shortages have been
overcome by the combined exploitation of suitable re-
sources and ever more efficient technologies. The era
of mass consumption became possible, and with it,
very logically, the era of mass production. But they
were also accompanied by the over-exploitation of
natural resources, heedless of future generations, the
accelerated degradation of the environment, and the
deterioration of the ecosystems.

In 1972, believing that pollution and exhaustion of
natural ressources are strictly linked, a multitude of
purportedly experts demonstrated, with Meadows [1],
that continued growth would lead the Earth to ca-
tastrophe. They concluded in the imperious need to
stop economic growth, at the risk of letting humanity
collapse under the blows of two connected plagues
acting together: the generalized depletion of natural
resources, and pollution which was bound to reach
unbearable proportions. Whatever the inexactitude of
their conclusions may be, it must be recognized the
exactitude of the claim of these experts for a new way
of development moving from quantity to quality.

Today, another band of experts, calling themselves
“ecologists”, somberly proclaim that the Earth will no

longer be able to guarantee to all the inhabitants of the
planet a standard of living comparable to the standard
of living of the average American today. And these ex-
perts plead for a form of “sustainable development”
that will mean the impoverishment of a large part of
the presently industrialized countries, without provid-
ing any benefit to the most disadvantaged countries.

Two opposite economic logics are proposed to
solve the challenges faced by the Earth:

The first logic, the “ecologically correct”, is the
Malthusian-ecologistic way of thinking: For it, only
Nature is able of creating wealth; Man is a predator
who can only develop at the cost of Nature. In this
Malthusian ecologist way of economic growth, wealth
is produced by the consumption and destruction of
natural resources – for example, by burning oil, gas or
coal.

As the world’s material resources are limited, it is
said, with increasing frequency, that it is impossible
for everyone on earth to be able to have the same stan-
dard of living as that enjoyed by the people of America.
One use to say that “the future on earth would be jeop-
ardized if 8 billions of human beings were to have the
same life style as the billion of human beings living in de-
veloped countries”. It is rapidly acquiring the status of
“revealed truth”. No one would dare to dispute it.
Conveniently forgetting the lessons of J.B. Say, B.
Sauvy or W. Leontieff, this often repeated statement,
these principles of the “sustainable development, are

УДК 338+ 519.2/.6

ЯДЕРНАЯ ЭНЕРГЕТИКА 
И ЯДЕРНЫЕ ТЕХНОЛОГИИ



460

ВЕСТНИК НАЦИОНАЛЬНОГО ИССЛЕДОВАТЕЛЬСКОГО ЯДЕРНОГО УНИВЕРСИТЕТА “МИФИ”  том 10  № 5  2021

MAÏSSEU

gradually taking over the collective subconscious.
How cynical it would be to prevent the 9/10 of the
planet from reaching one day this standard or even to
let the world believe that wealth is forbidden for the
impoverished countries!

The second logic rejects this approach and finds
that wealth is accumulated by human labor and inge-
nuity.

1. PRELEGOMENA: SCARCITY, 
THE KEY – BUT MISUNDERSTOOD – 

ECONOMICS TOPIC

In his 1932 “Essay on the Nature and Significance of
Economic Science”, Lionel Robbins (1898–1984) de-
fined Economics as the science to optimize the alloca-
tion and distribution of scare resources: “Economics is
the science which studies human behaviour as a relation-
ship between ends and scarce means which have alterna-
tive uses”. Economics is the study of how society
chooses to allocate its limited resources to the produc-
tion of goods in order to satisfy unlimited wants. The
very foundation of such permanent “anthropological-
ly correct” feeling is the ancient humanity’s ancient
(and mistaken) view that scarcity is nature’s plan and
design which is based upon the assumption that there
are not enough resources to meet the needs of the
whole humanity. This concept of scarcity is essential
to the field of all conventional economics theories
which drive the world, whether inspired by Keynesian,
neo-classic, liberal, Marxist, etc. … We would be liv-
ing in a closed and finite world.

Scarcity refers to a gap between limited resources
and limitless humanwants. The notion of scarcity is
that there is never enough goods to satisfy all human
wants. Scarcity involves by the way, scarcity is the root
of conflict. So, the ancient views of Thomas Robert
Malthus (1766–1834) with his 1798 book “An Essay on
the Principle of Population” still dominates the scarcity
debate. The strong drive for reproduction in relation to
the weak expansion of goods possibilities drive to Mal-
thusian catastrophe: population reaches or exceeds the
capacity of the shared supply.

Politically correct economic theories are derived in
large part from the concept of relative scarcity. En-
larged theories of production, distribution, consump-
tion, business f luctuations, and other economic ele-
ments have been introduced and continually reconsid-
ered from a variety of viewpoints, to optimize the
necessary management of scarce resources to avoid
any “societal malfunctioning”.

In such framework of economic concepts, due to
increased pollution and exploding demography, facing
the reckless exploitation of natural resources lead to
their depletion following the Ricardo law of diminish-
ing returns in an entropic process, It would be only
possible to retard the final catastrophe.

In Malthus’s time, there were “nonscarce” goods,
which goods didn’t need to be valueless, even if some
can even be indispensable for one’s existence. Because
of their abundance these “nonscarce” goods fail to be
objects of desire and of choice; They may also be
called “free goods”. They seems to have no value in
the sense in which the economist uses that term. They
exist in superfluity; that is, in quantities sufficient not
only to gratify but also to satisfy all the desires on
them. Some one may use nonscarce goods, without
preventing anyone else from using it. Nonscarce goods
are looked to have an infinite existence, no sense of
possession, or it could be infinitely replicated.

Modern pollution challenged this concept. There
are no more nonscarce goods. Take air, for example.
From an individual’s perspective, breathing is com-
pletely free. In a number of cities today, poor air qual-
ity has been associated with high rates of disease and
death. In order to avoid it, cleaner processes have to be
developed. These costs fall on the citizens in one way
or another, that means air is not “free”, which arise a
number of economical (and technological) questions
bringing up many questions about how to efficiently
allocate resources. And come the very first dogma of
the economy that the world has limited – or scarce –
resources. World would be “a closed system”, oppos-
ing the Prigogine’s concept of “thermodynamic open
system”.

Such perception of scarcity gave rise to competition
for resources–success in the competition went to
those most cunning, diligent and/or ruthless. Winning
conferred power and status–the winners gained con-
trol of the resources. Those most useful to the winners
were granted access to a greater measure, or share, in
the resources–those successively further removed, less
useful, received proportionately less–until they were
so far removed that they received no share and no ac-
cess. Thusly, hierarchies of access to resources were
“born”, and the now familiar drawing of the pyramid
to represent those hierarchies was developed–with the
winners, the richest, at or near the top, of the pyrami-
dal diagram, and the losers, the poorest, distributed at
the bottom along the pyramidal base. Social disease is
there, with future conflicts and wars.

Competition for those scarce resources evolved as a
survival strategy. Humankind learned quickly enough
that complacency does not assure today’s and tomor-
row’s survival. Those who “won” the competition for
resources may survive, those who “lost” surely would
not. Scarcity, or its threat, rules the struggle for daily
life. Aggression, oppression, conflict, power and war
became “winning” strategies for coping with the scar-
city game. Aggressive and competitive cultures over-
came those which were not; and established in ever-
expanding “spheres of influence” born of winning, the
rules by which the “game of life” was to be played.

As we are supposed to live in a closed system, scar-
city is based on the idea that oftentimes a limited sup-
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ply of goods or services comes up against an ever in-
creasing demand for it and that, as such, every effort
must be made to ensure its proper utilization and dis-
tribution so as to avoid inefficiency. Scarcity is man-
aged by making choices regarding value so that indi-
viduals can exchange resources in a system of trade. In
ideal circumstances, pricing systems adjust according-
ly, thereby maintaining the balance between supply
and demand.

2. CHALLENGING ECONOMICAL
DOGMAS [2–11]

The conventional economic theories, with varying
degrees, are inspired by the principles of conventional
physics applied to a conservative system. Even the
Marxist system, which allocates its role to technical
progress, only does this reductively, they implicitly
presume the existence of a Hamiltonian between cap-
ital and labor, usually called “production function”
running within a closed system. For these theories,
Economics is a “system at once vast and simple which
resembles the astronomic universe in its pure beauty”
(Walras).

These concepts which found the standard models
of economic growth and conventional economic the-
ories are based on postulates transformed into dog-
mas, most of which cannot withstand scrutiny. En-
larged theories of production, distribution, consump-
tion, business f luctuations, and other economic
elements have been introduced and continually recon-
sidered from a variety of viewpoints, are based upon
the dogmatic assumption that there are not enough re-
sources to meet the needs of the whole population.

For conventional economics, human are predators
who can only develop at the cost of Nature. Wealth is
produced by the consumption and destruction of nat-
ural resources. Then comes the notion of “rationing”
scarce resources, or “allocating” or “managing”
scarce resources. This acquires rapidly the status of a
“revealed truth”, as an “economic dogma”.

The prerequisites of war are embodied in the defi-
nition itself of conventional economics theories which
are not compatible the concept of Sustainable Peace.
These principles of the csustainable development” are
gradually taking over the collective subconscious. This
traditional “mechanistic” approach is embodied in
the framework of a “fatality” of all human activity
which is necessarily included within a thermodynamic
context from which any escape is impossible.

2.1. The false dogma of the reversibility
of economical processes

One dogma is the reversibility of economic pro-
cesses. A very large number of mathematical develop-
ments carried out in economics implicitly assume the
following condition:

(2.1)− = − )( ) ( (!)F t F t

This assumption means – we beg the reader to ex-
cuse the perhaps overwrought image – that after hav-
ing crashed a car against a wall, it would suffice to back
up to return it to its previous condition!

All the mechanisms are presumed to be reversible,
occurring endlessly, for example in Keynesian cycles,
which are immutable, imperturbable, governed by the
sole laws of savings and investment. At equilibrium,
the system functions “perfectly”, and the “Golden
Age” is finally regained. The existence of reversible
processes, enabling a generous Nature spontaneously
to correct the excesses of human activity. By this rea-
soning, for example water and air are qualitatively in-
variable, between the time when they enter into the
production and consumption cycle, and the time
when they exit the cycle as “external outputs”. If, by
some mistake, degradation occurs, this is gratuitously
corrected by a generous Nature by mechanisms which
are never questioned because they are presumed to
function correctly without human intervention. Simi-
larly, in this approach, wastes do not have to be con-
sidered. They are ignored.

Evidently, and as demonstrated by Prigogine, with
a few rare exceptions, the processes governing the
functioning and evolution of humanity, are irrevers-
ible processes.

2.2. One more false dogma: The mythical
existence of a general equilibrium

The concept of general equilibrium is directly relat-
ed to the concepts of reversible processes, linear or
not, spontaneously giving rise to the postulate of an
economic evolution that must necessarily tend to-
wards an ultimate state of “the general equilibrium”.
A few passages at the limit would allow the interpreta-
tion of turbulences hindering or slowing the march to-
wards this equilibrium. Equilibrium appears as limit-
ing cases and not as representative models of real eco-
nomic behaviour.

2.3. Another false dogma: the Adam Smith’s 
“invisible hand power”

The “invisible hand” is a metaphor for how, in free
market economy, self-interested individuals operate
through a system of mutual shorttermist interdepen-
dence. Each free exchange creates signals about which
goods and services are valuable and how difficult they
are to bring to market. Adam Smith introduced the
concept in his book 1759 book “The Theory of Moral
Sentiments” and later in his 1776 book “An Inquiry in-
to the Nature and Causes of the Wealth of Nations”.
The market would be an element with corrective influ-
ence over ecological malfunctions, an answer belong-
ing to a functionally entropic society inefficient on the
long term.

“Dysfunctions would be corrected due to the exis-
tence “somewhere” of mysterious mechanisms. Some
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hidden “laws” operating on the free market”, would
“spontaneously” ensure the correction of all malfunc-
tions, as long as nothing comes to prevent their free
operation. Hence a virtually mystical belief in the ben-
efits of an absolutely free market in which the forces
that govern it, are spontaneously and permanently ad-
justed.

The solution to the problem of the protection of the
environment, the reduction of pollution and waste,
the more economic use of natural resources are natu-
rally in line with a rationale composed of bans and in-
centives. With the damage caused to the environment
being, in this rationale, linked to dysfunctions, the
corrective mechanisms should, when nothing opposes
their functioning, be able to break the vicious cycle:
growth ⇒ pollution ⇒ exhaustion of natural resources.

We may, first of all, note that this call on market
mechanisms to correct any dysfunction has an unfor-
tunate twist. It prioritises the short term. It ignores the
well-being of future generations which will be affected
by the decisions taken today under the influence of
short-term descriptive mechanisms. It conceals the
future price of the decisions born of these opportuni-
ties. It introduces a bias in favour of goods for which
the prices are relatively transparent, contrary to those
for which transparency does not exist, first among
which, specifically, is environment.

It should also be noted (Barre, 1964), that the allo-
cation of resources resulting from adjustment mecha-
nisms using prices is not necessarily and obligatorily
the best (or what would be best) for community. This
allocation of resources is the result of compromises
prioritising the short term and which we now recog-
nise, can reveal themselves to be harmful or dangerous
in the long term. We can also ask about the validity of
mechanisms that shrug off all responsibility with re-
gard to the protection of the environment onto others
for payment.

The reference to corrective mechanisms regulating
the “good” functioning of market has displayed all its
effectiveness with regard to what relates to the extrants
of the productive act: marketable goods. But it does not
seem that these mechanisms could be relied upon to
be effective in ensuring the healthy management of the
resources at mankind’s disposal, that is to say, a man-
agement capable of distinguishing between short-term
constraints and long-term requirements.

Price reflects not only the value of the goods, but
also their rarity. Veritable “rarity tensions”, price’s
function is thus, according to Barre (1964), “to orient
goods and resources towards the uses that appear to be the
most necessary and where their use will be the most effi-
cient”. The price system functions for Massé as a
warning signal whose profound significance is “Econ-
omise me because I am dear, take care of me because I
am rare”. Alas, being incapable of reversing the entro-
picity of the processes that preside over the function-
ing and evolution of economic paradigm, considered

closed, all these corrective mechanisms, however effi-
cient they are in the short term, will be able only to act
as temporary palliatives that merely delay the final col-
lapse. These palliatives, can on no account constitute
the foundations of a policy responsible for the future
and long-term survival of the planet.

2.4. Another false dogma: a conservative system
This dogma conveys the idea that identical produc-

tion factors would be found at the end of processes of
production and consumption. This dogma cannot
withstand the simple observation of the reality of an
economic system, which produces scrap, waste and
pollution.

Owing to the manner in which it functions, hu-
manity, transforms its environment by producing and
consuming goods and services. The general rule is of a
dissipative system. The Laplacian point of view of a
universal differential system parametering all eco-
nomic states are no longer admissible as a fundamen-
tal postulate of Economics. Energy and matter are not
invariant. The economic system is a dissipative system
in which the processes animating it and enabling it to
function are mostly irreversible. As an immediate cor-
ollary, the implicit hypothesis of the existence of a
Hamiltonian presumed to describe the system must be
abandoned.

Companies, human, human community are “open
thermodynamic systems” whose functioning is based on
irreversible processes, exploiting inputs, and generat-
ing outputs which have a dual form: evolved and de-
graded. They function by exchanges with their envi-
ronment, from which they procure their needs, which
they alter, and from which they suffer the consequenc-
es. There is feedback, and there is backlash. “The or-
ganisation transforms, pollutes and enriches” (E. Morin).

2.5. Another false dogma:
a closed system with limited resources

In the closed universe of planet Earth, the mere
consideration of limited resources necessarily leads to
the hypothesis of a closed economic system. By incor-
porating in the production and consumption process
an ever increasing quantity of elements whose added
value displays an entropic balance, the societal sys-
tems that have followed each other through history
have succeeded in offering the economic agents mer-
chant goods and services enabling them to improve
their standards of living. The reckless exploitation of
natural resources lead to their depletion in a process –
the law of diminishing returns – described by Ricardo:
“The return is not the withdrawal” (E. Morin).

The neo-malthusian-ecologists rightly criticize
this functioning mode. But by limiting their view of
the world to that of a closed system with limited re-
sources, by refusing to question the underlying dog-
mas of Economics, the solutions they propose are
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based on a false interpretation of the second principle
of thermodynamics, which assimilates waste with en-
tropy. To reduce entropy to waste would be to assume
that an “economic” management of natural resources
could cancel the overall entropic balance of the sys-
tem. This is a fundamental misunderstanding of the
concept of entropy and of its related mechanisms.

In these attempts, economic thought tends to re-
duce the number of production factors to Capital and
Labor. These associations reduced to two production
factors are the expression of an economic thought that
excludes man’s inventive activity from its field of anal-
ysis and from its preoccupations. De Jouvenel pointed
out that these production functions “incorporate nei-
ther the contribution of human ingenuity, nor the contri-
bution of the forces of Nature”. The use of knowledge as
an input of the production function helps to overturn
these hypotheses: since knowledge is inherently limit-
less, the resources available to humanity are hence
limitless. Since knowledge comes from an unclosed
universe, the human creativity. Any system based on
the use of knowledge is not a thermodynamic closed
system.

3. INTRODUCING KNOWLEDGE
AS A PRODUCTION FACTOR

3.1. Objecting labor to production factor

Economic activity is traditionally described with
the help of a production function, connecting the in-
puts, the production factors, to the outputs, the mer-
chant goods and services produced and marketed. The
production function expresses the relationship that ex-
ists, for a particular status of technology, between the
quantities of factors utilised and the quantities of
products obtained.

Economic analysis traditionally considers three
production factors: capital, labor and natural resourc-
es. This distinction derives from the analysis of re-
sources exploited to produce goods and services. Some
of the great authors have preferred different forms of
association in their analyses. Association between La-
bor and Nature (Smith, Ricardo, Marx etc.), between
Labor, Capital and Nature (J.B. Say, Marshall etc.).
A. Marshall refined this distinction: “There is really no
clear distinction between Labor that is productive and
that which is not” For him, there were only “two pro-
duction factors: Nature and man”. The distinction
drawn between the associations privileging Nature
over Labor stems from the distinction drawn between
the soil, natural resources and capital: “Labor is the fa-
ther, and Nature is the mother of all wealth” (W. Petty):
“Labor is primarily an act that takes place between man
and Nature” (Marx). Production results from the
combination of Labor and Nature, or the combination
between Capital, Labor and Nature: “The productive
faculty of natural agents mixes and merges with that of
capital” (Marx). Company activity is sometimes con-

sidered as an additional production factor, although
difficult to isolate and quantify. Marshall considered
including organisation as a production factor. An at-
tempt was also made to introduce technical progress
by means of an additional variable assuming the form
of time (Solow etc.).

Labor as a production factor has frequently been a
controversial subject. A. Smith already distinguished
two types of Labor: productive Labor “which adds val-
ue to the object on which it is exerted”, and unproductive
Labor “which concerns natural agents”. Karl Marx sug-
gested as a measure of Labor, to use an “average” val-
ue corresponding to the “average” skill of an “aver-
age” worker. Such “average” values are defined in
some vague manner, but whereof the importance re-
sides in the fact that these concepts involve an a-tem-
poral concept: skill. This sparked even further debate.

3.2. Splitting of “labor” in two different production 
factors: energy and knowledge

The Greeks and Romans used two terms to desig-
nate labor: “ergos” and “ponens”, “opus” and “la-
bor”. For the Romans, “labor” meant arduous work,
the expression of physical strength, reserved for slaves.
Conversely, “opus” represented the creative work
drawing on intellectual skills, intelligence, erudition
and knowledge. If we refer to these ancient definitions
of labor, it must be broken down into two parts: one
corresponding to the exercise of strength: energy; and
the second to the exercise of intelligence and skill. La-
bor, a social act, thus stands as a combination of two
production factors of opposite entropic natures [3],
energy and knowledge, proceeding in a temporal pro-
cess. (Let us denote knowledge by the letter E, from
“Erkenntnis” [3], the German word for knowledge as
well as know-how, the initial knowledge gained by ini-
tial training and the know-how gained by experience).

The equation of state, let say the production func-
tion, of any economic system is accordingly described
by the combination for four production factors: Capi-
tal, K (tangible assets); Matter: M; Energy: U and
Knowledge: E (untangible assets)

(3.1)

This model was implicit in the Cleveland et al. or
Georgescu-Roegen’s fund-flow model which de-
scribes production as a transformation process in
which a f low of materials, energy, and information is
transformed by two agents of transformation human
Labor and manufactured capital. The f low of energy,
materials and services from natural capital is what is
being transformed (the material cause), while manu-
factured capital effects the transformation (the effi-
cient cause).

We will see below that Matter and Energy are en-
tropic, Knowledge is negentropic. Capital, as a syner-
gistic aggregate of matter, energy and knowledge, has

= , ,( , ., )Y f K M U E
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a dual nature, entropic or negentropic, depending on
the relative part of knowledge.

Time accordingly appears as an indication of
chronologies during which these four production fac-
tors are put into play in the productive act. The effi-
ciency of a production factor will very probably de-
pend on the production factor itself, but also on the
temporal processes through which it is made available
to the economic agents. The production function
would then very likely include as additional variables:
insofar as K, M, U, E are continuous, derivable, and
which can be written:

(3.2)

Time, in line with the ideas of Prigogine, must be
regarded as a measure of the irreversibility of human
processes.

The productive process as any human activity is
submitted to universal laws. Among those laws, one is
inevitable for humanity: the second principle of ther-
modynamics. Applied to economics, this second prin-
ciple says that besides goods and marketable products,
human products waste, consequence of the energy and
matter degradations it exploits. Waste stands for all
residues, scraps, pollution, all the “externalities” of
the enterprise. The entropic nature of human activities
implies that the yield of any transformation had to be
lower than the unity. Any productive process implies
its symmetry. It generates pollution and waste.

To meet his needs and to answer his many con-
cerns, man has progressively structured his relation-
ships with his environment, by making himself master
of a quantity, a quality and a growing number of re-
sources. These relationships of man with his environ-
ment define societal paradigms [12] having the struc-
ture of a system if one refers to the definition provided
by J. Delattre [13]: “as corresponding to a set of interact-
ing elements”, or as “a dynamic totality of elements
whose interaction produces new properties of integration,
not reducible to those of its components considered sepa-
rately” (Mshvenieradze quoted by B. Walliser [14]).
This system is organized around and by socio-techni-
co-economic mechanisms which account for its func-
tioning (that is to say its activity), and its morphogen-
esis, (namely its evolution).

Due to these differences accorded to entropy, the
function of production cannot be homogeneous and
substitution between factors is not possible.

3.3. Properties of Knowledge

Knowledge, understood in its broadest form, that is
to say, “savoir”, “savoir-faire” and “savoir-être”, and
their availability represent the keystone of the func-
tioning and the evolution of a socio-technico-eco-
nomic system which is concerned with economic

[ ]
=

=
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or ( ), ( ), ( ), ( ) .
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peaceful growth that creates increased wealth and re-
spects the quality of the environment.

3.3.1. Knowledge’s generating processes
The corpus of knowledge is accordingly defined as

a complex of interacting elements, or culturemes. The
p culturemes making up the corpus of knowledge are
interlinked by R relationships. The behaviour of a cul-
tureme pi in the relationship Rj differs from its be-
haviour in another relationship Rk. The whole is de-
fined by a system of non-linear, integro-differential
equations, which are generally impossible to process.

The primary dimension of knowledge is its exten-
sion, namely the number of elements making it up, the
“culturemes”. Its second dimension is its “fecundity”,
namely the probability of existing, or potential, associ-
ations, combining the culturemes with each other to
produce new ones. A first attempt to measure knowl-
edge could be given by applying Zipf’s formula in lin-
guistics:

(3.3)
where n is the number of culturemes, T the tempera-
ture in Mandelbrot’s meaning characterizing with pi, j
the probability of occurrence and potential associativ-
ity, i.e. the “fecundity” of the culturemes. A, K1 and K2
are constants.

The first term, Alogn.T, could be used to quantify
the extent of knowledge, namely the number of cul-
turemes present in the corpus of knowledge. The sec-
ond term, K1 (formula), could be used to measure the
density of inter-culturemes relationships and can be
assimilated with their “fecundity”. This term could be
considered as an attempt to measure the ‘quality’ of
knowledge.

A second attempt to quantify knowledge can be
made by using the formalism of the General Theory of
Systems.

In the corpus of knowledge, certain rules govern
the combination and organization of the culturemes
between each other. At the higher level, meta rules
govern these elementary rules between each other,
modify them or transform them. At an even higher lev-
el, meta-meta rules in turn help to codify and modify
the meta rules, and so on and so forth. This multitude
of rules at different levels is enriched and modified as
they are used in a network that Hofstadter [9] has
called “strange loops”, and whose incompleteness was
demonstrated by Gödel. There are two types of mech-
anism for the exploitation and utilization of the corpus
of knowledge and its transformation into f lows of
technical intelligence.

The first mechanism consists of the use of the
flows of information as they exist. This is the be-
haviour of “Mr. Everyman” who uses these f lows
without questioning, contesting or modifying them.
Their use is strictly passive.

= + Σ Σ + Σ Σ Σ +1 , 2 , ,.     ...i j i j i j k i j kE ALognT K p K p
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Creators’ act differently. Having observed a combi-
nation of culturemes as the definition of any knowl-
edge, the creative person will modify the message con-
tained in this combination of culturemes to create an-
other message, to create a new knowledge. To do this,
he can either delete a cultureme, or add another, al-
ways attempting to create a different message. He can
also continue his work of questioning the previous or-
der by proposing new rules, new meta rules permitting
the genesis of new inter-cultureme combinations, in
other words new knowledge. And these new flows of
knowledge are the seeds of discoveries, innovations
and inventions.

These creative approaches are sometimes logical
and can be inferred from the rules and meta rules al-
ready known. They may also be infra-logical, enabling
the creator to identify, against all logic, the new
knowledge, the knowledge whose existence is denied
by the initial rules, but which will permit the emer-
gence of f lows of knowledge which augur break-
through innovations.

Creation is based on three distinct mechanisms,
which may be complementary to each other.

– Rearrangement, in a new form, of the existing
flows of knowledge: this process of technological cre-
ation is logical.

– The exploitation of the f lows of knowledge in
new forms (exploitation of new combination rules of
culturemes, or the definition of new meta rules).

– The genesis of new culturemes, entailing the
definition and application of new rules, indeed new
meta rules. This creative process eludes any logical
form. It is uncertain. Its duration, cost and probable
results cannot be determined in advance. The resulting
technological innovations are generally breakthrough
innovations.

3.3.2. The synergic/antagonistic property of knowledge
Knowledge can be compared with a gigantic puzzle

in which each part, each cultureme, has its own place,
its individuality, its specificity. Every part, every cul-
tureme, is unique, different from all the others, and
hence irreplaceable.

Since each new cultureme is different from all the
others, it cannot supplant the older culturemes, which
preceded it in this logic of continuous creation. No
new cultureme can take the place of an older cul-
tureme by destroying it. On the contrary, it aggregates
with the culturemes already present in the existing
knowledge corpus, in a synergic combination whose
total value is never equal to the sum of its parts. The
aggregation of a new cultureme, the discovery of a new
rule, of a new meta rule, do not cause the older rules
or culturemes to disappear, but, to the contrary, leads
to their embellishment. There is no disappearance, but
rather mutual enrichment, and a perpetual expansion
of the stock of knowledge. Depending on the aptitudes

of each, the combination of culturemes could yield
possibly nothing, or a few, or could bring about new
flows of knowledge.

As the addition of identic culturemes has no sense.
The mode of composition of culturemes is not addi-
tive. It is synergic or antagonistic. Knowledge has no
additivity property. The non-additivity property of
knowledge as a production factor, invalidates any eco-
nomic analyses which, implicitly or explicitly, perform
with this mathematical property. The use of mathe-
matical operators such as addition, subtraction, multi-
plication, division mathematical to perform any “ob-
ject”, which postulates that these objects, is impossi-
ble. Many econometric models must thus be rejected.

In the gigantic puzzle formed by the knowledge
corpus, every part, every cultureme is unique and can-
not be replaced by another. Each gap, each missing
part, may be crucial for the one which does not pos-
sess it. The absence of a tiny missing cultureme would
make the whole incomprehensible.

An old proverb that states “nobody is irreplace-
able” is not quite right: we shall never know the end of
Schubert’s Unfinished 8° Symphony. By dying too
soon, Stendhal deprived us of the end of his novel
“Lucien Leuwen”. And how did Karl Marx want to
conclude “Capital”? etc.

Knowledge suffers no deterioration during its uses.
On the contrary, owing to learning mechanisms,
knowledge could become richer with use. Their po-
tential of application grows as it is used, what is called
the “experience curve”.

Knowledge do not wear out. It is not deteriorated,
depleted or altered by consumption. It can be repeated
as often as necessary. This use can be repeated indefi-
nitely without any degradation. Knowledge accumu-
late and recombine indefinitely. This process of per-
petual growth can take place without any degradation
of the other production factors. It can only be imper-
illed knowledge which make them obsolete. Yet even
this obsolescence is never total, since new knowledge
never completely substitutes for old knowledge.

Its consumption does not alter it, but, far to the
contrary, can result in an increase in quantity and
quality. Its exchange takes place without any misap-
propriation. It can be stored without deterioration.
It can be increased without any deterioration of the
other production factors, capital, energy and matter.
The same knowledge can be used simultaneously in
several different places, without any effect on quality.
The use of knowledge knows no limits, and its use can
be infinite.

While the uses of the other production factors and
other tangible goods are fixed spatially and while their
uses are exclusive of any other simultaneous use, the
same does not apply to knowledge. Knowledge is in-
tangible. It is the fruit of human creativity. It comes
from nowhere and everywhere. Knowledge has no
limits, and its use can be infinite.
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3.3.3. Knowledge is negentropic
The application of the Bose–Einstein formalism

and Planck’s Law demonstrates easely the negentropic
property of Knowledge [3, 15, 16].

That is, all the knowledge in the world compiled in
a huge corpus. Let quantify it in bytes.

That is Ni, a knowledge byte, at time t. The total of
knowledge byte of the human corpus at time “t” is:

(3.4)

Any variation of the “volume” of the humanity
knowledge corpus is equal to

(3.5)

For Ni = 0, would means knowledge corpus
would be constant, that ought to happen for no pro-
gess.

Regarding a creative shock with an other knowl-
edge byte.

Any knowledge byte is able to generate an addtional
knowledge byte, but any creative shock is not neces-
sarily able to generate such additional knowledge byte.
For it happens, it must have some synergetic effects
between the two shocked knowledge bytes.

Two parameters can describe the creative quality of
a byte. The first parameter, Qi, quantifies the intrinsic
quality of creativity of byte Ni, Qi is independent of its
environment and of the events that may occur in it.
Creative shocks do not affect the value of the intrinsic
quality of creativity of the byte.

At time t, the total value of the creativity’s intrinsic
quality of the humanity knowledege corpus is equal to:

(3.6)

The increase of the intrinsic creativity of humanity
knowledge is equal to:

(3.7)

As Qi is immutable and unalterable, δQi = 0, there is:

(3.8)

The intrinsic creativity of creativity does not give a
the real societal value of the knowledge corpus. The
same amount of knowledge in the brain of Henri
Poincaré, Beethoven, Hittler or Monet will not have
the same result.

The societal context is also a determining factor.
Leonard de Vinci described the principles of helicop-
ter, but he was unable to build it in the Renaissance pe-
riod as the required technologies were not available.
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It is necessary to add at every byte of knowledge corpus
a second parameter which will describe the effective
creative potential. Let’s call “creative degeneration”,
gi such parameter. gi may varies according to the time,
the era and the brain of the individual.

The number of state gi for any byte of knowledge is
very high. It is directly related to the societal and tech-
nological environment, to the cultural patrimony,
which are dynamic and interactive. It is also related to
the number of individual actors of cultural, scientific
and economic life and more generally to the total pop-
ulation. As a result:

(3.9)

So, the intrinsic creativity of knowledege, its socie-
tal “value” can be described as a function of the type:

(3.10)

The measurement of knowledge, E, is equal to the
totality of the possible combinations of the knowledge
bytes, taking into account their number and their cre-
ative degeneration which are decisive for the fertility of
creative shocks able to generate more knowledge bytes.
Any knowledge byte is unique; it is different from all
others. Consequently, the number of possible combi-
nations is given by the formula describing the distribu-
tion of bosons:

(3.11)

At time t, the total of creative shocks, describing the
possible value of knowledge is equal to the product of
the combinations for each level of creative degenera-
tion. For Bose–Einstein statistics, that can be used in
this case:

(3.12)

(3.13)

so

(3.14)

and

Applying Stirling’s formula:

(3.15)

as

(3.16)
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By applying the method of Lagrange multipicaters, it
comes a law of distribution of the form:

(3.17)

with β are status parameters.
Which gives for E, the knowledge:

(3.18)

where:
Qi – measures the intrinsic creative value of cul-

tureme i,
gi – measures the state of creative degeneration of

cultureme i,
β – a parameter of state, obtained by the resolution

of the equation describing log E by application of the
method of Lagrange multipliers,

i – is the total number of culturemes.
This result is homolog to the Clausius entropy for-

mula.
But due to the presence of the sign “–” into expo-

nential, this formula is therefore characteristic of ne-
gentropy. Knowledge has negentropy properties.

3.3.4. Thermodynamics and Information Theory

The entropic neo-malthusian ecologist fatality

For neomalthusian economists, as Economy
would fit into the framework of a thermodynamic
closed system, its total balance would be entropic.
This inevitably means a regressive evolution to the fi-
nal collapse. This is the narrow framework surround-
ing the neomalthusian-ecologist dogma, that of a
closed system whose resources are limited.

“This image of the inexorable death of the universe
suggested by the second principle …, this idea that, be-
cause of the very nature of things, the only possible and
ultimate future for man is the annihilation of things, has
infiltrated like paralysis through our entire occidental
culture” leads L. Brillouin [17] to wonder “How is it
possible to understand life if the whole world is governed
by a law like the second principle of thermodynamics,
which points towards death and annihilation?”

This is based on a false interpretation of the second
principle of thermodynamics, which, schematically
speaking, assimilates the concept of waste and pollu-
tion with entropy. Its assume that an “economical”
management of natural resources could cancel the
overall entropic balance of our world, isolated in the
universe. In so far as this can be treated as an isolated,
indeed closed, system, its total entropic balance would
be positive, regardless of the “economies” which can be
realized. Its regression would be inevitable. This is a
fundamental misunderstanding about the neomalthu-
sian concept of entropy and its related mechanisms.

β= / – 1,Qi
i iN g e

−β= βΣlog ,Qi
i i iE g Q e

MAXWELL’S DAEMON ENIGMA
AND SHANNON APPROACH

A second approach to the concept of evolution has
developed in line with a view opposed to the Car-
not/Clausius principle. In biology, as in sociology, the
concept of evolution appears to be closely associated
with a process of organization which can lead to the
creation of increasingly complex structures. Whereas
the extension of the thermodynamic principle trans-
lates into the progressive dissolution of a pre-estab-
lished order – “the golden age” – in a spreading cha-
os, the biological concept of evolution is oriented in
the opposite direction. This was observed by H. Berg-
son when he stated that “duration means invention,
creation of forms, the continuous elaboration of what is
absolutely new”.

This opposition between these two approaches is
only apparent in so far as a simple answer can be found
to the tantalizing paradox posed by Maxwell’s imp.

Fig. 1. State (1), state (2).

Remember that, by resorting to a technical strategy,
this imp is able to increase the order of a mixture with-
out modifying the total entropic balance. This result is
in f lagrant contradiction of the second principle of
thermodynamics.

The answer is simple: Maxwell’s imp can only sort
the molecules if he can recognize them. In other words
if he has information qualifying the state of the mole-
cules which he wants to separate. To raise the order of
the system, Maxwell’s imp must have useful informa-
tion, which has been omitted in the statement of the
problem, which made its solution impossible.

Let consider a system S, consisting of N objects,
endowed with reason, in other words capable of inte-
grating, modifying and using f lows of information.
Consider the system S in a disordered state (1) (see
Fig. 2).

The N objects of the system interact with one an-
other. The friction between these objects corresponds
to the production of heat, dQ, concomitant with the
work supplied by the system. Entropy is formed. Un-
der the effect of these interactions, the system evolves
towards its most probable macroscopic state, in other
words the one for which its entropy is a maximum, a
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state in which the disorder is the greatest, in which this
“agitation”, now at its peak, will be the most ineffi-
cient, on the spot and in all directions at the same
time. It could be stated [18] that the total loss of effi-
ciency is a measure of the increase in entropy.

Fig. 2. The system is closed, there is disorder and loss of ef-
ficiency. dE = dW + dQ. Entropy is formed: dS = diS ≥ 0.

DISORDERED STATE

Consider the system S in an ordered state (2). In
this state (2), the N objects are situated on the same
level of efficiency. They are all actuated by the same
movements. The number of states possible, Ω, is 1.
The N objects of the system are in an identical state. In
this perfectly ordered state, where there can be neither
friction nor collision between the N objects, there is no
dissipation of energy as heat: dQ is zero, dS is zero. No
entropy is formed.

Fig. 3. The system is ordered. There is no production of
heat (“degraded” energy): dQ = 0. All the energy is con-
verted into work: dE = dW, No entropy is formed: dS = 0.

ORDERED STATE

This capacity of the system to main itself, or to
achieve this ordered state, is only conceivable if the in-
formation concerning the state of the objects of the
system is transmitted at any time. Without the neces-
sary and sufficient information, the probability that
the objects of the systems can all remain in the same
state is zero. To reduce the number Ω of possible
states, in other words to decrease the entropy of the
system, (S = k logΩ), the system must necessarily

Disordered state

Ordered state

Informations

open towards the exterior and aggregate the adequate
information in its functioning.

The passage from a disordered state to a more or-
dered state, apparently contravening the second prin-
ciple of thermodynamics, can be explained by the in-
stillation in the system of the information necessary
for the adoption, by each of the objects of a behaviour
which permits the neutralization of the interactions
synonymous with loss of efficiency. The functioning
of everything is optimized. The cancellation of the
production of entropy by the system is the result of the
system’s receipt of an external f low of information al-
lowing the adoption of consistent, “more ordered” be-
haviour by the objects of the system. To resume the
terms of the enigma posed by Maxwell, one could say
that somewhere outside the system is an imp which is
capable of sending useful information to the objects of
the system to adopt the consistent behaviour. This im-
plies an equivalence between information and negen-
tropy (the opposite of entropy) (see Szilard, Gabor,
Rothstein and Brillouin (1940–1950)).

So, the question posed by Prigogine, “Do two irre-
ducible types of physical law exist, one concerning inani-
mate matter and the second living matter?” [15], finds a
clear answer inasmuch as the f low of information is
taken into account: the laws of physics are equally ap-
plicable to inanimate matter and to living matter, in so
far as the f lows of information, of knowledge, govern-
ing the functioning and the evolution of the systems,
have not been omitted.

The equation developed by Prigogine for the entro-
pic balance of a system is thus satisfied, as well as the
second principle of thermodynamics. In order to re-
verse its entropic balance, the system must adopt an
“open” functioning. By incorporating negentropic in-
formation, the system will be able to adopt a negentro-
pic functioning (one realizes the importance of the in-
trinsic quality of the information received by the sys-
tem as well as the aptitude, the expertise of the agents to
receive the information and, if necessary, to adapt it to
the local situations they are faced).

With the inclusion of knowledge among the factors
of production, the analogy between the Clausius en-
tropy and the Shannon entropy makes legitimate the
application of the laws of thermodynamics to the
economy.

LANGE MODEL: CYBERNETIC 
FORMALIZATION [20], PRIGOGINE THEORY

Every system can be represented by a function of
state, let say the production function, describing its
operation and its evolution. Provided this system is a
multi-level hierarchical system, the laws and princi-
ples of cybernetics can be applied to it.
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The relationships between inputs and outputs can
accordingly be represented by using the standard nota-
tions of cybernetics:

(3.19)

Here X describes the input f low, Y  the output f low,
and T the transformations, irrespective of type, taking
place in the system.

In order to establish the function of state that de-
scribes the operation and the evolution of the system,
it is assumed, as usual in cybernetics, that all or part of
the system can be represented in the form of a set of
conjugate elementary sub-systems within which eco-
nomic transformations take place, described by a
sound combination of seven elementary operators.
This hypothesis does not imply that the resolution of
this formalization is possible.

As part of this analysis, O. Lange proposed a model
in which the production function assumes the form of
a differential equation with finite differences (See O.
Lange, op.cit., pp. 102 and seq).

(3.20)

where:

• Drs represents the rth derived operator if r > 0, and

the rth integral operator if r < 0,

• Eθs is an advance θs if θs > 0, or a delay θs if θs < 0.

The “derived” operators describe the continuous
processes which take place in the system. The “ad-
vance” operators describe discrete phenomena.

O. Lange demonstrated that the following operator
of the system, T, could be used to describe any eco-
nomic system [20]:

(3.21)

According to O. Lange, the general solution is writ-
ten (see O. Lange, op.cit., pp. 102 and seq.)

(3.22)

where the first term ϖ(t) (t) is the general solution of
the homogeneous equation obtained by assuming the
second term to be zero, and the second term (t) is a
particular solution of the non-homogeneous equa-
tion, with x(t) ≠ 0.

The general solution to the homogeneous equation
is written:

(3.23)

where λ is the root of the characteristic equation, the
initial conditions setting the coefficients qj(t). It is in-
dependent of the inputs of the system. It is called the
internal structural component, is homogeneous. It is
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independent of the inputs of the system, since x(t) = 0
and depends only on the composition and the internal
make-up of the system, on its internal structure.

It may be observed that its form is identical to the
characteristic equation of Clausius definition of en-
tropy. This term is a function of the internal resources
of the system, that is to say, its material and energy re-
sources, which are known to be rare, limited, apt for
alternative uses, and subject to the law of diminishing
returned. It describes the operation and hence the
evolution of the system, when it functions as a closed
system, as a system functioning in autarky; whether
this autarky is local, regional or planetary.

The second term, the particular solution to the in-
homogeneous equation, is obtained for x(t) ≠ 0:

(3.24)

This second term, the input component, depends
on the external inputs to the system since x(t) does not
equal zero. This second term describes the functioning
and evolution of the system as an open system.

3.3.5. Analogy with the Cobb-Douglas function

A parallel can immediately be drawn with the for-
malism describing the macroeconomic production
functions of the Cobb Douglas type, which have been
developed to describe the operation and the evolution
of economic systems:

(3.25)

These production functions comprise two terms.
The first is usually the production function proper.
Whatever its formalism is always homogeneous be-
tween its variables, in order to satisfy the requirement
of replaceability traditionally assumed by conventional
economic analyses. Time, an additional variable,
which is presumed to represent technical progress, is
sometimes incorporated in this first term.

The second term, sometimes called “residue”,
helps to make the economic reality to “coincide” with
the figures obtained by breaking down the first term of
the production function. This second term is simply a
“grab bag” of everything that cannot be explained, re-
suming everything that cannot be represented by the
harmonious mathematical combination of capital and
labor. Some experts agree that the second term is rep-
resentative of the growth and development of econom-
ic systems.

The first term describes operations in a closed sys-
tem. It corresponds to the internal structural compo-
nent of the O. Lange solution, noted above. This inter-
nal structural component describes the first term of
the macro-economic production functions. While this
structural component, like the first part of the produc-
tion function, can shed some light on the operation of
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the system, it is powerless to explain the growth pro-
cesses:

(3.26)

The second term, the “residue”, corresponds to the
input component, responsible for the dynamics of the
system and for its ability to develop.

(3.27)

This input component measures the external input

of entropy, resulting from the “opening” of the system

by exploitation of knowledge. This second term is re-

sponsible for the dynamics of the system and for its ca-

pacity to develop.

The functioning and evolution of the societal para-

digm is accordingly the resultant of two modes of ac-

tion:

1. The first mode is deterministic and is described

by Hamiltonian function. For any system not supplied

from outside, that is to say where the input term in x(t)
is identically nil, the functioning, which obviously de-

pends only on its internal properties, is in fact de-

scribed by a homogeneous, continuous, derivable pro-

duction function of Hamiltonian form. This is the

functioning mode describes by conventional econom-

ic logic that is the setting of the ecologistic-malthusian

logic. This logic inevitably culminates in the destruc-

tion of the societal system.

2. The second mode corresponds to a functioning

and an evolution concerned with economic growth

that can indefinitely create wealth, while respecting

the environment. This implies the “opening” of the

system by incorporation of new knowledge.

4. THE RENUNCIATION 
OF THE KEYNESIAN/MALTHSIAN 

HYPOTHESIS OF A CLOSED 
AND CONSERVATIVE SYSTEM

4.1. Two opposite components would 
explain economic moves

The production function developed from the mod-
el of O. Lange leads to the definition of a production
function composed of two terms:

(4.1)

It can be understood by considering the develop-

ments of two components, the first corresponding to

functioning in a closed thermodynamic system, and

the second corresponding to the “opening” of the sys-

tem:

The evolution of any system would therefore pro-

ceed from an alternative: the system functions as a

closed system. It is accordingly likely that a Lyapunov

function exists, positive, increasingly monotonically,

concomitant with the production of entropy measur-
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ing its economic regression. Or else, the system func-

tions as an “open » thermodynamic system. The scale,

quality and incidence of the inputs of new knowledge,

concretised by technological innovations, will accord-

ingly play a crucial role in the evolution of the system.

We can sum up:

1. the internal structural component is a function of

the entropic production factors, M matter, U energy,

and the tangible capital, Kt. It describes the function-

ing in a closed thermodynamic system: the production

of entropy is positive, but could be sometimes locally

nil:

(4.2)

2. the input component which is a function of
knowledge as a production factor, E, and the intangi-
ble part of capital, Ki. This component measures the

negentropic input resulting from the use of knowledge

(4.3)

As all activity within the system generates entropy,
by prolonging the analyses of N. Georgescu Roegen
and by resuming the notations of Prigogine, we can
describe the variation in entropy of socio-technico-
economic systems with the help of two terms, in order
to identify the evolutionary direction of the system to-
wards growth or towards regression

1. dSi, generated by the internal component;

2. dSe, generated by the input component.

Prigogine explained the first term dSi corresponds

to the entropy produced by the internal variations,
modifications, processes and actions of the system, re-
versible or irreversible. This internal structural com-
ponent measures the production of entropy generated
by the system using only its internal resources.

(4.4)

For isolated systems, the Malthus’s hypothesis of a
closed system for Earth, dSe = 0 and,

(4.5)

In that case, the neo-malthusian ecologists would
be right: such isolated system is running to the final
collapsing.

For Prigogine again the second term, dSe, describes

the variations in entropy associated with the “opening”
of the system. It may be positive or negative.

(4.6)

The sign of dS the total entropic balance, condi-
tions the evolution of the system

(4.7)

( )ω = =( ) , , , t it f K M U Y

( ) ( )ψ = =, . i et f K E Y

= ≥ 0. internal idS dS

= > 0.idS dS

> <0 0.edS or

= + .i edS dS dS
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Contrary to the view of the neo-malthusian ecolo-
gists, the fatal final collapse is avoidable, as the value
of dS depending of the value of dSe, is not necessary

positive.

4.2. Entropy, negentropy and growth
The sign of dS the total entropic balance of the sys-

tem, conditions the evolution of the system. Two alter-
natives may occur:

Its total balance is positive. The system functions as
an entropic closed system. Any system able of entropic
production irresistibly evolves to a system where its en-
tropy is maximum and which corresponds to its col-
lapsing. The system will regress and decline, as it was
shown by N.Georgescu Roegen, and by the analysts of
the Club of Rome in 1972, in their report “Limits of
the Growth”.

Or,

Its total balance is negative the system functions as
an open thermodynamic system. The system will de-
velop and increase the amount of wealth which will be
later dispatched between all economic agents. The
outstanding importance, quality and incidence of the
knowledge f lows play a very important part in the sys-
tem evolution. Their dynamic make the joined and si-
multaneous effects of amplification linked to the
opening of the system as well as the mechanisms of
conservatism for closing the system depreciated it and
fight against this amplification.

The evolution of every system is thus the outcome
of two opposing mechanisms: one which is descriptive
of the evolution of the system functioning as closed,
for which the evolution expresses a continuous disor-
ganization measured by the increase in entropy and
leading to the disappearance of the original structures;
this second mechanism is descriptive of the functioning
of an open thermodynamic system: its evolution is the
consequence of a growing structural complexification.

1) The internal structural component, a function of
entropic production factors, matter M, energy U, and
part of capital, tangible capital, Kt, descriptive of func-

tioning in a closed system: the production of entropy is
positive, and sometimes locally nil:

(4.8)

It corresponds to the internal functioning of the
system, consuming and degrading limited, rare, alter-
native-use resources. This production of entropy cor-
responds to the operation of a closed and dissipative
system animated by irreversible processes.

2) An input component, which is a function of
knowledge, E. The system functions as an open ther-
modynamic system, with development and growth.
This second mechanism is descriptive of the function-
ing of an open system. This exogenous component in-
cludes knowledge, and the intangible part of capital Ki.

( )ϖ = = → >( )  , , 0. m i it f K M U Y dS

This component measures the negative external entro-
py contribution resulting from the utilization of
knowledge. Capital, depending on its form, tangible or
intangible, is found in each of these two components,
the structural component and the input component.
The extent, quality and influence of the f lows of
knowledge, which are inherently variable, will then
play a vital role in the evolution of the system.

Only this second term can be negative, i.e. negen-
tropic. It opposes the regression of the system, indeed
even enable to develop by increasing its degree of com-
plexity

(4.9)

Matter aggregates energy and simultaneously with
knowledge. This share of incorporated knowledge is
part of the added value. The added value is so com-
posed of parts whose entropic characteristics are op-
posed. Matter is progressively transformed under the
cumulative effect of energy and knowledge in consum-
er goods or productive equipment – tangible capital.
The aggregation of knowledge can be interpreted as an
increase in their topological complexity, enabling
them to optimize the use of matter and energy. The
complexity of the system, a factor in development, is
increased by adding knowledge. The productive act
thus corresponds to a process of enrichment of the
flow of matter by the simultaneous incorporation of
energy and knowledge.

When the entropy of the internal structural compo-
nent is equal to or greater than the production of en-
tropy of the input component, the system is said to be
self-regulated (the law of requisite variety). It is then
capable of nullifying the effects of the input f lows that
disturb its operation, although this operation leads it to
collapse and ruin.

4.3. The “Prigogine way” to abundance
The intrinsic characteristics also roughly describe

processes running the paradigm. The extrinsic charac-

teristics, which correspond to the influence of the in-

puts of knowledge on the system, describe its evolution

and its mutations.

The entropic or negentropic nature of the added

value incorporated by human activity in the general

production and consumption cycle, determines the

way in which societal paradigm evolves. By privileging

the exploitation of intangible resources, the overall en-

tropic balance can be reversed, and the conditions for

resumed growth are satisfied. Wealth can be accumu-

lated without any detriment to the environment by ap-

plying Lavoisier’s law: “Nothing is lost, nothing is cre-

ated, everything is transformed”.

The application of the Lavoisier’s law means that

the cycle of production and consumption is no longer

completed by consumption, but perpetrated by the

( )ψ = = → > < , 0.( ) i e ef K E S ort Y d
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permanent recycling of all the products, by-products,

scrap and waste generated by the economic processes

which animate the societal paradigm and make it live.

These outputs of the productive act, the products, the

by-products, the scrap and the waste must be consid-

ered as raw materials in the same way as conventional

raw materials. It must be taken into account as inputs

of the productive act. So, increased consumption will

correspond to increase production of by-products,

scrap and waste, that will correspond to more repro-

cessing and recycling, that means more jobs and, si-

multaneously, less pollution and less exploitation of

‘virgin’ raw materials: let say, which is the definition of

sustainable development.

Yet every product is the compromise of an ener-

gy/matter resolution. The re-introduction of ‘spent’

material into the production and consumption cycle

can only be achieved at the cost of an increased use of

energy. One cannot hope to win on both counts, pre-

serve matter and economize energy at the same time.

Carnot and thermodynamics would be completely lost

in the shuffle. One cannot act on one of the terms of the

equation, matter, without the other term, energy, being

altered. One cannot attenuate environmental damage,

treat the waste and scrap, recycle it, reprocess it or regen-

erate it, decrease the sources of pollution, without con-

suming more energy, knowledge and capital.

At the opposite to a closed system running to the fi-

nal disaster even if using less and less energy and mat-

ter, an open system develop and grow according to sus-

tainable processes by using more and more energy,

knowledge and tangible and intangible capital.

Knowledge appears to be the keystone of economic

growth, socially efficient and respectful of the envi-

ronment. This use of knowledge by exploiting f lows of

information corresponds to the general pattern of

technical progress. The opposition to the neomalthu-

sian philosophy is total: in this scheme of things, hu-

man activity lies at the source of created wealth.

4.4. The degree of complexity of the paradigm
The evolution of the system is the resultant of a

growing structural complexification. The increase of

the complexity of the system, a factor in development,

occurs by the aggregation of new knowledge and ever

denser and richer f lows of information. This aggrega-

tion takes place in successive waves by the well-known

Schumpeterian process of innovation clusters, or by

the incrementation process described by Usher. The

slow evolutions and sudden mutations of the system

would thus be the consequences of the increase, by the

integration of knowledge, of the degree of complexity

of the “objects” populating the paradigm societal

system.

The evolution of the paradigm is both the cause

and the result of the increase in its degree of complex-

ity, and hence of the increase in the level of the spe-

cialization of each of its parts. The process of evolu-

tion, a direct consequence of the negentropic f low of

information, thus stands both at the origin and the re-

sult of the increased effects of differentiation of the

structure of the system, whether this concerns the

fractionation and specialization of the parts and the

behaviors of economic agents.

Under the effect of these f lows of knowledge, al-

ways replenished, the level of organization of the sys-

tem begins to rise. It reaches a peak and then declines

if the f low is cut off. Paradoxically, the same factors

that give the impetus to societal paradigm and which

are the driving forces of its growth can also be respon-

sible for its blockage and its decline. The growth of the

complexity of the structure allows its development.

Above a certain threshold, where selective specializa-

tion generates more blockages than synergies, the ne-

gentropic f low issuing from the f lows of knowledge

can no longer offset the greater total entropy of the

paradigm. The total entropic balance changes sign.

The paradigm switches to a regressive mode.

This gives rise to situations in which the effects of

the disturbances generated by the internal operation of

the paradigm is liable to nullify the positive effects of

the f lows of knowledge. The quality of knowledge is at

fault, the levels of fecundity, namely its capacity to

create new culturemes.

4.5. Deterministic functioning and chaotic functioning
Any societal paradigm may be presented as an open

thermodynamic system incorporating irreversible pro-

cesses, producing outputs in dual form: an evolved

form and a degraded form. Four production factors

emerge from the functioning of the system: capital,

matter, energy and knowledge. Two are entropic, mat-

ter and energy. Knowledge is negentropic. Capital, the

aggregation of matter, energy and knowledge incorpo-

rated, has a dual nature, entropic and negentropic.

In as much as the system owns at least three degrees

of freedom, the preconditions for the appearance of

chaotic regimes are satisfied. With four variables of

state, K, M, U and E, the societal paradigm possesses

all the prerequisites to be described as chaotic regimes.

The chaotic state of the system is measured via the

entropy of motion of its trajectory, which approxi-

mately corresponds to the speed at which information,

in other words, the f lows of new knowledge, appear in

the system. Above a certain threshold, associated with

the sign of the total entropic balance of the system, in-

sofar as the inputs of new knowledge are sufficiently

large and significant, the behaviour of the system be-

comes chaotic. Conversely, for a paradigm function-

ing as closed and not accepting any f low of new

knowledge, the movement towards chaos will be aban-

doned in favour of a deterministic behaviour, which
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can be described by Walrasian matrices or by Samuel-

son equations.

The economic system could be represented in the

form of a hyper-surface, S(Y, t), in a four-dimensional

space (K, M, U, E). Under the action of the f low of

new knowledge, technological innovation, the hyper-

surface undergoes a local deformation that could be

described by continuous, derivable processes. The

morphological changes induced by technological

progress assume the form of discontinuities. These lo-

calised deformations of the system, induced by a tech-

nological mutation, can be described by topological

features, called “catastrophes”, which have been clas-

sified and analysed by R. Thom.

Conceived as an open U, the societal paradigm, un-

der the action of technological innovation generated

by the f low of new knowledge, develops fields of local

dynamics in a turbulent environment. This open U ex-

ploits the generic resources of capital, energy, matter

and knowledge, via temporal processes. This system is

not homogeneous. It consists of local economic situa-

tions, possibly stable, disjointed by as many transient

regimes as there are situations. Each of these situations

or economic states is organised into a structure whose

complexity is a direct function of the quantity of infor-

mation it uses, information issuing from the corpus of

knowledge it possesses, from the technological foun-

dation on which it stands. There is a field, and there

are attractors.

The future morphology of the system is unpredict-

able. It cannot be described from its former structure.

The analysis and projection of older forms into the fu-

ture do not permit the description of the organisation-

al form that the system will assume. It is also impossi-

ble to formally predict the incidence of a local defor-

mation on the final structure of the system. It is also

impossible, formally speaking, to determine which in-

novations will have ultimately minor consequences,

and which will correspond to a major technological

revolution, a breakthrough.

The integration of knowledge, in the form of inno-

vations, is accordingly reflected by deformations of

which the development regime is usually “catastroph-

ic”. Hence the growth and development of the system

does not obey a linear formalism, but is more like what

can be qualified as chaotic. The existence of these cha-

otic regimes contradict the reductionist concept ac-

cording to which the behaviour of a system is analysed

as a function of the behaviour of its components.

CONCLUSIONS

The Earth is in danger. Two opposite economic

logic’s are proposed to solve the challenges faced by

the Earth. The first logic, the ‘ecologically correct’

corresponds to Malthusian ecologists. For them only

Nature is capable of creating wealth. Man is a predator

who can only develop at the cost of Nature. The sec-

ond logic rejects this approach and finds that wealth is

accumulated by human labor and ingenuity. The op-

position between these two trains of thought is total. In

the view of the Malthusian ecologists, in which the

richest of the rich countries will always be richer, and

the poor of all countries will be more numerous and

ever poorer, human activity does not create any

wealth. Unchecked demographic growth and human-

ity’s standard of living are raised at the cost of Nature.

Wealth is produced by the consumption and destruc-

tion of natural resources. The specter of widespread

shortage of natural resources, going hand in hand with

the specter of pollution, is now ever more increasingly

menacing. This Malthusian ecologist dead end is

based on the dogma of a conservative, closed econom-

ic system, with limited resources, running by entropic

processes. In so far as Economics fits into the frame-

work of a closed system, its total balance is entropic.

Such current, and predominant, system of scarcity,

called “sustainable development”, which sets each-

against-the-other in the struggle for survival, will pro-

vide, sooner or later, the final catastrophe.

We could evolve in an open thermodynamic sys-

tem, as described by Prigogine, due to the use of an

unlimited negentropic resource: “knowledge”. The

economic system could be “open” by the incorpora-

tion of negentropic inputs, what is to say more and

more technological added value.

For example, the answer to the challenge of the

“energy transition” weighs in the balance wind power

and nuclear energy. In addition to the undeniably

more positive effects on CO2 emissions of nuclear en-

ergy, the technological complexity of nuclear energy

compared to wind energy, its negentropy superiority,

make nuclear energy the primary driving force behind

the successful energy transition that will allow human-

ity to successfully enter the 21st century. The choice of

wind energy instead of nuclear energy by Germany, is

reminiscent of the choice that this country made at the

beginning of the 20th century to develop its aeronauti-

cal industry: airships against that of the air planes …

we all know the result!

The negentropic versus entropic alternative would,

or not, ensure the respect of environment, the increase

of social welfare the growth of the wealth produced by

humanity, and the possibility of sharing it with an in-

creasing number of people.

Either will follow the absurd and dark path marked

out by neo-malthusian ecologists. Pollution will con-

tinue to spread its black wings over the entire planet.

The wealth of Nature will diminish and be increasing-

ly expensive. The world’s poor will be even poorer and

ever more numerous, which will create all conditions

for war.
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Or we choose to resume economic growth, creating

wealth, jobs, preserving our environment, based on

the increased use of knowledge.

Additional information on the issues considered in

this paper is presented in works [21–45].
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той термодинамики Пригожина позволяет выйти из тупика идеологии неомальтузианства, которая
способна только сделать бедных еще беднее и многочисленнее и пророчествовать конец света.
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