The International Journal of Illich Studies
ISSN 1948-4666

Genesis and Development of a Scientific Fact: The Case of Energy?

Jean Robert

When he asked me to write an article for the February Special, the editor, Michiel
Schaeffer commented on some reactions elicited by the editorial of the 1992 issue. To make a
point about the ambiguities facing alternative technologists, he had used the example of a
little shoemaker. At the beginning of the story, the shoemaker had a bulb hanging from the
ceiling of his shop for some light in evening hours and a three-phasic socket to power his
sewing and polishing machines. Though the shoemaker did not specially care to investigate
where the energy distributed to him by the Electric Power Works came from, he somehow
knew like everybody else that it came from the aging nuclear plant whose frightening
refrigeration towers were sometimes visible on the far horizon.

Here we have a small, “ecologically innocent” craftsman who is plugged, together
with the worst industrial sinners, to one of the most hazardous forms of energy production.
Isn’t it as bad as an Amish farmer using no telephone, no car, but struggling against economic
competition with pesticides and chemical fertilizers? For the shoemaker, “salvation” came
from a committee of concerned citizens who obtained the replacement of the obsolete nuclear
plant by a large scale wind energy project. The energy that fed the shoemaker’s bulb and
powered his machines could now come from a cleaner source. Happy end? Listen to what has
happened to the little shoemaker:

After the replacement of the nuclear plant, he lost control forever. Subsidies and

economic profits went to the “big shots’ of the electricity cooperative. Prices went up

to finance the new necessary (alternative!) technology transfers. Local electricians lost
their jobs to Hilton-groomed alternative technologists from abroad.

Originally published in Wise, March 1995.
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This story made me sad: | too had wished a happy ending for the sound political fight
in favor of softer energy sources. | have read Armory Lovins,* | know Lester Brown’s
efforts? to clean the energy landscape from useless gigantism, risk, and the relentless erosion
of local ecological and cultural matrices.

By the way, the editor wrote me that the story had the following epilogue:

A month after this publication, we received an angry letter from an American energy expert
claiming that WISE was opposed to the use of wind energy. This was the starting point of a
discussion on energy and Power.

The editor begged me to frame my article in such a way that it would at least
tangentially address that discussion. Though | gladly agreed to try, | am reluctant on
embarking on a casuistic of alternative energy production, “good” in some cases, “bad” in
others. Let’s state right away that | find a wind energy plant less bad than a nuclear plant, and
wind power worth militating for. I would like to say: always. Shall I go on to analyze the
cases in which—given that the intention was good—nbut the unexpected result being such ...,
had | known it beforehand..., but if not, then...? Clearly, such casuistic has no place in a
general article. Are there perhaps general criteria of judgment? Of course: ecological impact
and risks assessments, evaluations of the support capacity of the local ecological or climatic
matrix (a term | prefer to the globalizing neutrum, “environment”). All that remains
politically valid. But isn’t there more at stake than pollution and risks? The shoemaker’s story
obliges me to answer “yes!.” Armory Lovins suggests a first decision criterium:

To be valid any alternative energy production project should not be content with proposing
how to produce a constant quantity of megawatts. It should also contemplate the production

of “negawatts.”
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WISE subscribers know that Lovins uses that charade to stress the urge for any
alternative energy project to present ways of reducing a community’s energy needs. Another
catchword for the negawatt idea is “conservation” (a word that is indeed associated with
“energy” since this concept’s birth!). Alternatives to hard energy paths should not consist in
aiming at the same thing through other routes, but in changing the goals too. Conservation is
one of these “other” goals.

If there can be ecologically dirtier or cleaner forms of energy, there is no form of
socially quite innocent energy, as, again, the shoemaker’s story shows.? But there is still more
to that story. While telling it, | “had” to use the word energy 18 times. In less than 2 pages,
this is many times. If that had been an exercise in English composition, my teacher would
have strewn the margin with red remarks like “repetition!,” “find a synonym!,” “what do you
call so, in this context?.” It seems that what can be done with any sound common word
cannot be done with “energy.” Try, and then ask yourself: “what are this strange word’s
characteristics that make it so resistant to synonymity?.” The German linguist Uwe Pdrksen
has written a whole treatise to try to explain that phenomenon.*

Re-reading my own prose makes me realize more acutely than ever, that underlying
the debate on alternative energy production, beyond or behind the ecological and the social
levels, there is the semantic bottom line from which cultural meanings, symbols and social
myths all stem. Mainstream ecologists have thus far managed to ignore that ground. It has
been a great mistake. It looks as if the first principle of thermodynamics and the word which
is its stenographic token (“energy”) has been allowed to be the Trojan horse for a contagion
not only by ecologically and socially unsound, but also by culturally and symbolically
destructive thought habits. Is perhaps the energy concept—the intellectual cathedral of 19"
Century physics—a cultural equivalent of AIDS when it escapes from the lab and invades

concrete life? Is the synonym-less word “energy” the vector of an acquired cultural
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immunodeficiency syndrome, as soon as it ceases to be strictly a technical term of a well-
defined science, thermodynamics®?
| pretend to address the question raised by the American reader by inviting him to a tour into

the epoch that created the concept energy.

Can A Scientific Concept Be An Object of History?

This question has always intrigued me. A decade ago, thanks to a friend’s generosity,

I spent two winters at the Physics Institute of the University of Marburg in Germany. More
exactly, | sat day after day on the unheated veranda of its library. There had run aground, like
on the strands on a lonely island, the wrecks of past generations of explorers. On the
Institute’s shelves, | found what remains of the “forgotten grandfathers”: the works of 19" C
physicists who are no longer part of the curriculum of standard physics. Half-jokingly, half in
a spirit of vicarious revenge of the forgotten, | made a sign that said “Marburger Institut fr
Papierkorbphysik’ (papierkorb = wastebin). It hung on the veranda’s door until 1 was politely
asked to remove it.

One of the two xerox copiers of the institute stood in “my” veranda. Once in a while, |
was interrupted by one “Doctorandus” or the other—often a polite German-speaking
Japanese—who needed to use “my” machine. | observed that no one ever copied more than
five pages, generally concentrating on a single graph or table from a specialized publication.
In contrast, | imagined myself snuffling like a scavenger in the landfills of physics. One day,
one of the Ph.D. students remained standing near the door and observed me. He exclaimed,
“What? You copy whole books!” I confess to that misdemeanor, that disrespect of the modern
etiquette! Yet, on behalf of those two winters, | possess the entire conserved corpus of several
of the great haemodynamicists of the mid-nineteenth century: Hagen, Poiseuille, Hagenbach,

part of O.E Meyer and Plateau, the Podolinskys, father and son and some more.®
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But these were the few ones whose works were “kopiefahig.” Most of the items piled
up in the veranda’s shelves were under a “Kopierverbot.” Not that they contained some top-
secret information, on the contrary, physicists considered them discarded stuff (never did I
see a student pick up one of “my” authors’ books). These books and booklets were materially
so deteriorated, so gnawed by humidity and generations of bookworms that they would have
disintegrated in the Xerox-machine. From those, I carefully made hand-notes and copied
illustrations. Some of these sketches illustrate this article. I wonder if the dusty works of my
friends materially survived the decade that went by since | frequented them.

It is through these friends (“durch sie hindurch,” a Heideggerian philosopher would
say) that I will now try to find an answer to the angry question of Michiel Schaeffer’s
correspondent. Physics is not a ukase of nature, not a monologue. At its best, it is a dialogue
between man’s imagination and nature’s intimations. At its worst, it is an arrogant axiomatic
construction warded by bureaucratic Cerberes. Ernst Mach (1838-1916), a forerunner of
relativity “malgré lui” wrote once that scientific concepts are the machinery behind the stage
of physics.” As different playwrights require different offstage arrangements, the type of
concepts that a physicist needs depends on the kind of empirical facts that he wants to
manifest. For Mach, the facts of physics had their origin both “in the world out there” and in
man’s sensorium. Consequently, all physical analysis had to be impirio-critical, that means
that it had to consider the way in which nervous sensations are construed as perceptions of
physical facts. As a consequence, not the abstract atom, but elementary sensations were the
conceptual building blocks of physics.®

The energy concept is part of the conceptual machinery depicted by Mach. It did not
become a cornerstone of the building before the 1840’s, when the “law of conservation of the
‘force’ (energy)” was simultaneously discovered,® or invented, by at least three scientists

(Mayer, Joule and Helmholtz) who spent part of the rest of their life claiming their “priority
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rights.” I will first concentrate on the ten years (1842-1852) during which the concept of
“force”!! crystallized into what we now call energy. This is also the decade when what we
know as the first and the second principle of thermodynamics (the energy conservation law
and the entropy maximization law) coalesced. These principles were no pure edicts of nature
but rather the result of a chassé-croisé between the epoch’s preoccupations, interests,
representations, and nature’s “resistance avisos.” Neither is it irrelevant that the energy
conservation law was discovered, or invented, a few years after England opened history’s
first national market for the labor force (1834)*2, Ricardo formulated a theory of value
potentially disesmbedded from concrete costs, or when Liebig made the soil, once “the plant’s
stomach,” virtually obsolete in agriculture by showing that chemicals could substitute for it!3,
when the first railroads and the first electric telegraphic lines were built!4, photography
invented, and when Marx wrote “Das Kapital”! Nature’s intimations entered of course the
constitution of the concept, for instance her refusal to be tricked by those who attempted to
build machines producing both work and the cause of this work. In fact, the impossibility of
the perpetual mobile is a perfect example of nature’s avisos of resistance: in itself, it was not
a concept, but a physico-logical constraint acting on the formation of the concept to come.
The law of energy conservation was that concept. In relation to the impossibility of the
perpetuum mobile, the concept, energy, as all works of the imagination, is “overdetermined,”
redundant of societal and cultural meanings. It is, for instance, the product of a time that
considered scarcity, the fundamental axiom of formal economics, to be the law governing
social order, much as the gravity law governs the Newtonian universe.!®

So, the first question | would like to ask the questioner is this: Do you not consider
plausible that the industrial enthusiasm that characterized the time of the railroad mania and
of the “energy mania” will nolens volens taint every social and cultural reality where the

concept energy is imported, today? In other words, since it is a constitutive theme—or an
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active connection—of its genesis, will not scarcity be transferred together with the energy
concept? And is this not the bottom line of the debate on “Energy and Power” courageously
initiated by WISE?

The editor recalled to me the title of a pamphlet I once wrote, “Cow-dung Is Not
Energy.” | was thinking then of the Indian villagers who have no other fuel than dry cow-
dung. Imagine that a do-gooder from abroad comes to the village with the blueprints of a
marvelous bio-digester, importing with them a pop science version of the concept energy
where people had one hundred words for nature’s forces and gifts. If our alternative
technologist succeeds in building his contraption, the villagers who can afford to pay for it
will have gas in their kitchen. The poor will have no biogas and no cow-dung left. This can
rightly be seen as a result of the transmogrification of cow-dung, a gift of a domestic goddess
into an input for alternative industrial production: energy. Though it is scientifically correct
inasmuch as it confirms the impossibility of tricking nature, the energy concept is more than a
correct scientific statement. It is also a conceptual device that transforms all that it touches
into gold for the industrial process. If you don’t want gold, but cow-dung for everyone, you
have to let cow-dung remain a free gift and, among ten dozens, use the appropriate word for
it. If you aim at protecting the concrete living matrix of real women and men, “energy” is
perhaps not an appropriate word.

It is no hairsplitting to insist that, underlying the debate on the appropriateness of
technologies, there is the need of another debate on the appropriateness of the alternative
technologists’ semantics. In blunders like the one mentioned by the editor or the one just
recalled, women are the first victims. So it is not idle either, to ask what the word “energy,”
when it evades from the lab and invades social reality, says about and does to the vernacular
gender® of the ones exposed to the semantic and technological innovations imported from

abroad. And here comes my second question to Michiel Schaeffer’s correspondent: Don’t
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you realize that “energy,” the concept underlying most alternative technologies, can be the
vector of an industrial bias destructive of forms of local self-reliance founded in a place’s
perception of gender? In an attempt to address that question, | will delve again into the
“waste basket of physics” in which | scavenged ten years ago. For, if “energy” imports
unwanted industrial assumptions, they must be traced back to the epoch that shaped the

concept.

“Energy” and Gender

Before Marie Curie’s time, physics was an exclusively and jealously guarded male’s
realm!’. Yet, | do not share the opinion of the American feminist physicist Evelyn Fox Keller.
Following her, physics is therefore tainted with a “gender bias”*® and she claims that it is the
female physicists’ duty to cleanse their science from it. | see things differently. Physics, like
modern science in general has on the contrary the eminently dis-gendered character of those
realms of activity that do not stem from a living interplay between feminine and masculine,
masculine and feminine spaces, times and tools. No matter how “macho” an individual
physicist may be, the lab is a dis-gendered space because men and women alike are asked to
leave their gendered body in the wardrobe in order to become physicists. The history of
physics from 1840 to our days does not speak of a more intense dialogue of the genders, but
on the contrary, of a steady increase of its dis-gendered characteristics. Yet, be sure that if
traces of gendered perceptions are to be found in my old friends’ works, they are imports of
their inborn decency, that is of their cultural context or matrix, and not the effect of more
feminine presences in physics, since the contrary was true.

Motion, its nature, has always been one of the fundamental concerns of physics. In the
history of this science since Antiquity, there are broadly two concepts of motion:

1. the Aristotelian concept, that contemplated all kinds of change and always
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viewed motion as an affection of the medium, with this medium actively
participating, as in Aristotle’s example of the arrow, and
2. the Galilean concept of the motion of an individual body in a thought void,

obtained by “peeling away” the motion’s medium.

What do my friends have to say about that? Was perhaps a less dis-gendered concept
of motion at home in physics before this was reshaped as “the science of energy”? | will
show that around 1840, two contrasting concepts of motion, both analytically correct were at
odds. One was thematically, if not mathematically, Aristotelian since it started by considering
the medium’s affections and changes. The other, inherited from Galileo, saw motion as a
sheer displacement of individual bodies in a thought void. It only conceived motion
disembedding it from its medium and finally succeeded in reducing even this to the
individual displacements of “atoms” (till the mid-19" century, physicists called the molecules

“atoms”).

The Skinning of Nature

In the construction of the energy concept, a broad movement analogous to that of the
social construction of the public fetus® occurred. Barbara Duden has convincingly shown
how the fetus, now a dominant public emblem, was progressively arrived at by a process of
elimination of the motherly body.?’ From the drawings of early 18" century midwifery books
showing the correct position of the midwife’s hands and the right delivery gestures that
emphasized with all detail the concreteness of the motherly body, to William Hunter’s
pictures at the end of the same century, half the way to that disembedment was laid down
(Figs. 1 and 2). The other half of the road leads to Life Magazine’s famous picture of the fetus

as a small cosmonaut floating freely in amniotic liquid and culminates with our days’
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sonographic images (“Hello, I’'m Jimmie, I’ll be born in 4 months from now.”). Hunter
pictured the dead fruit in a dead motherly body whose fabrics were surgically removed layer
by layer to lay bare the dead fruit as fetus. It will take the masculinization of midwifery into
obstetrics, X-rays and the sonogram to socially construct the public fetus that we “have”
nowadays and that often seems to be the common object emerging from the confrontation
between the “reproductive rights” and the “pro-life” movements.

Something very similar to this scanning or skinning process can be observed—at least
by the “epistemological eye”—in the genesis and development of the energy concept between
1842 and 1852. One question was of paramount importance in the first sketches of the
concept that we now call energy: it was the question of the origin of bodily heat. That is to
say that the matter was more a concern of physicians than of what we now call physicists. In
fact, the very first known formulation of the “law of conservation of the “force’” was due to a
modest doctor of the poor, Robert Julius Mayer from Heilbronn in Bad Wurthemberg.

Around 1840, most of the “compound” of German physicists thought that bodily heat
was mainly caused by the friction of the blood with itself (internal friction layer upon layer)
and with the inner surface of the blood vessels (external friction). The generally accepted
explanation was that the mutual friction of neighboring layers affected with different speeds
“ground,” so to speak, the body’s heat. The branch of physics associated with this concept
was called haemodynamics, which was an “internal kinetics” of the blood and, by extension,
of every fluid that happened to be affected by internal, also called molar-motion. There was,
for instance, a “haemodynamical” meteorology in search for some ordered patterns in the
majestuous, but seemingly haphazard celestial landscapes of towering cumulus, whirling
nimbus or raveling out stratus clouds.?! Haemodynamics was the branch of physics in which,
before 1845, a young physicist had more chances to illustrate himself and gather the laurels

of academic awards. (Besides speculating about the origin of bodily heat, haemodynamicists
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also gave the first precise mathematical formulations of a liquid’s viscosity coefficient and of
the dependence of this on temperature??).

In contrast, by 1850 all the odds were in favor of the opposing school, which
postulated that an oxidation of the food’s juices taking place in the blood was the cause of
bodily heat as it was of muscular “force.” This new physico-physiological doctrine was called
“die Warmelehre” (the “doctrine” of heat). Its adoption of the steam engine metaphor and of
the mechanics’ technical terms—viz. the kilogrammeter?®>—as well as its reconceptualization
of internal motion as occurring in a thought void was to originate the postulates of what we
now call thermodynamics.

On the subject of bodily heat, haemodynamics was partially wrong and
thermodymanics was right in part, by default. The last haemodynamicists had to retire or to
convert to the tenets of the new doctrine. The “thermodynamical truth” had won over the
“haemodynamical error.” Was it really so? Though it of course corresponds to the victors’
perception, this is a naive view of the “progress of science.” In fact, a complex change
occurred that an observer, Ferdinand Rosenberger has expressed in the following terms:

At the beginning, almost every experimental physicist followed on the path that was his
(before the invention of the energy concept), dedicating himself for some more years to the
same tasks. However, these tasks were subtly inflected by the new theory, often without close
notice of the concerned worker himself (sic) ....%*

This particularly applies to experimental haemodynamics. After an eclipse around
1845, it flourished again in the 1850, as if the “late haemodynamicists” had wanted their
theory to usher in an ultimate thematic protest against the growing grasp of atomicism on
physics.

The rise of the thermodynamical view of the body, and of the world, was an

epistemological landslide that gave the Young Turks the occasion for breaking off with old
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authorities. Along with the haemodynamic conception of bodily heat, the “vital force”?®, the
separation between a “translunar” world of ideal realities expressed in pure concepts (see
Lagrange’s mechanics) and a “sublunar” realm of birth, growth, corruption and friction as
well as the concept of the soil as the plant’s stomach succumbed. Since its very beginning,
“die Warmelehre”—soon to be rechristened “mechanische Wérmetheorie”—was much more
than a way to “correctly” explain the origin of bodily heat. Not unlike heliocentrism in
Galileo’s time, it was part of a worldview for which some, new Brunos and Galileos, suffered
a true martyrdom and, more often, vilified their adversaries?.

We have seen that thermodynamicists conceive first motion as motion in a void
“peeling away” its concrete earthly matrices (e.g. the atmosphere) and then eventually ask the
lubrication and the hydro- or aero-dynamical lab to re-introduce “the medium’s
constraints”?’. Haemodynamics had sustained itself on a contrasting worldview for which
everything was embedded in concrete, terrestrial matrices, rejecting explicitly Galileo’s
abstract view of motion along with atomicism.

Such an opposition between two worldviews embodying thematic bundles is what
Gerald Holton has called a Q-Q confrontation.?® Such confrontations use to end up with the
victory of one theta or thematic bundle, with the “valid tenets” of the loser—e.g. the superior
analytical skills of the haemodynamicists—being subordinated to the victor’s paradigm.
Exactly that happened with haemodynamics, whose “valid tenets,” rechristened “fluid
mechanics” are still an important but accessory branch of industrial physics (like research in
the lubrication department of the transportation industry is today subordinated to R.& D. on
engines and fuels). Haemodynamics lost first its short-lived hegemony on physics and then its
epistemological autonomy to its victor. Since the epoch was imbued with the notion that the

“law of scarcity,” the founding axiom of formal economics, was the cause of all social order,
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energy, the concept that arose from the confrontation, was a reformulation of the forces of
nature under the assumption of scarcity.?

The victor’s interest in economic rentability—translating into the concept of a
machine’s duty!—became an implicit tenet of 19" Century physics. Concomitant with the
emergence of the energy concept occurred the mathematization of the language of physics
and what Ferdinand Rosenberger already described as a specialization that did no longer
allow inter- and intra-disciplinary conversations. Some of the most dangerous tendencies of
20" century physics (its blind specialization, its thorough surrender to industry and the
military, its lack of recognized meta-physical authorities, its disdain for concrete matrices like

the atmosphere) can already be detected, as if it were “in the egg” in that change.

The “Gender of Physics”

The German haemodynamicists of the 1830’s called the internal motion of the
medium “molare Bewegung” (molar motion), using an adjective that is very appropriate on
three different grounds:

1. until the end of the 19" century, molar denotes physical processes “relating to a
mass of matter as distinguished from the properties or motions of molecules and
atoms” (Webster, vol. I, p. 1454): the haemodynamicists were convinced
continuists, which means that they did not ignore, but actively rejected the
atomistic hypothesis on the ground of their belief that matter was continuous until
the infinitely small®L;

2. “molar” connotes a sense of grinding inherent to its Latin origin: let me recall that
molar motion was described analytically as the mutual “grinding” of the
medium’s layers through which internal friction converted mechanical motion into

heat (fig. 3);
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3. fromits (casual?) homonimity with molar as “related to a uterine mole” (Webster,
ibid.), the term seems besides to have been endowed with an implicit uterine

connotation.

Insofar “Galilean” motion is disembedded from concerns for the medium that it
affects and derives its themes from ballistics, it can be termed “phallic.” Here is the core of
the thematic difference between the Galilean and the molar sense of motion: molar motion is
“uterine,” if this means that it is completely embedded in the terrestrial medium of which it is
an affection and describes concrete “matrices of physical existence” rather than their raping,
transformation or annihilation.

Beyond these gender metaphors, | ask the reader to make the effort of imagining this
alternative as a line of radical epistemological rupture: around 1840, a physicist could still
either choose to consider motion in the Galilean, disembedded way, or he could stick to a
molar sense of motion that starts with the consideration of how it affects its terrestrial
medium. Though physics in the broad “modern” (= post scholastic) sense was born with
Galileo’s decision to disembed motion from its medium and ignore secondary qualities,®? the
other path remained theoretically walkable and analytically describable in the sublunar
world. It was the path—thematically if not analytically more akin to Aristotle’s, against
which Galileo built his kinetics—that haemodynamicists chose to go.

The emergence of the energy concept is contemporary and concomitant with the closing of
that path, as if the thermodynamicists had re-written Galileo’s Dialogues Concerning the Two
New Sciences (1638)* taking the haemodynamicists for their Simplicios (Simplicio, the
Aristotelian physicist, was the laughing stock of the Dialogues). Only that the
haemodynamicists of 1840 were extremely well skilled experimenters and that their

analytical descriptions (their math) were highly sophisticated and generally flawless. An
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epistemological gulf separates these “two new sciences.” As Gerald Holton would say, the
thematic origins of both scientific approaches are heterogenous. The first is “trans-lunar” in
the sense that it is fit for the description of frictionless motion occurring in the thought void
of outer space. Applied to terrestrial, “sub-lunar” motion, it first has to reduce it to an
equivalent of the motion of the ethereal spheres, reintroducing stochastically certain
terrestrial factors like friction as constraints (as in Stokes” and Langevin’s versions of
Newton’s equation of friction and of the stationary speed of fall of a body of given
dimensional characteristics in a homogenous viscous medium at constant temperature).
The second method is physical in the original sense: it takes terrestrial motion for
what it is: a relation between a moving mass or mole—which can be part of the medium

itself—and a medium affected by it.

Epistemological Reflections

Did haemodynamics contain the seed of an alternative understanding of energy and entropy?
Such a question can of course not be answered, all what can be granted is that the
haemodynamicists’ concept of motion, their “active connections” in general, were distinct
from those of the thermodynamicists. As to the obtention of the viscosity coefficient, and of
the analysis of the average stationary speed of fall in a viscous medium, it can be said that it
makes them retrospectively forerunners of Stokes, Langevin or Painlevé,®* but again, that
would miss the point of their epistemological specificity.

Haemodynamics could have reached an independent formulation of the law of energy
conservation—and even more, of entropy—if it had given a full analytical description of
Joule’s experiment® of 1845 (fig. 4). It failed to do so. What happened in reality is that, once
agreement was reached about the “exchange rate” of the “bank of nature,” this rate

(confirmed analytically and experimentally in one sense and only experimentally in the other)
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was simply used both ways in all the physicists’, and physiologists’, equations and
experiments to come. Clausius elaborated the entropy concept in order to deal with the
experimental fact that friction can convert all the mechanical work (energy) imparted to a
medium into heat, while a thermic engine can only convert a relatively small part of the
caldron’s or cylinder’s heat into useful mechanical work.®’

The controversy was closed by the victory of a “mechanische Warmetheorie” that
associated atomicism and the Galilean disembedding of motion with an insistence on
economically useful energy conversions (viz. the “useful” conversion of thermic into
mechanical energy) and considered the opposed conversions as nuisances to be minimized
(friction, residual, “useless” heat, “entropy”). This economic bias has become such a built in
thematic part of the energy concept that many physicists pretend not to notice it. | suspect
that it is because their whole worldview is imbued with the notion that the cosmos is ... a
scarce place (in that respect, the whole “heat-death” ideology of the late 19" Century, its echo
in a physiological theory of fatigue and of social degeneration that became the subject of
novels, and the speculations motivated by the ambiguities of the entropy concept would
deserve a psychoanalysis). As the conversion of heat into mechanical work (the economy of
the steam engine) became the stereotype of all conversion processes, in organisms as well as
in machines, it metaphorically transformed nature into a giant “arbeitende Maschine”
(economically working machine).®

Instead of the expression of nature’s “idleness,” that is of “cosmic” scarcity justifying
economic assumptions, the haemodynamists of the mid 19" Century, a time when the energy
concept was still “in flux,”*° discovered that the conversion of mechanical work into heat in a
viscous fluid generates patterns of molar motion of which many of Plateau’s experiments in
the 1850’s expressed the visual aesthetics.®° In other words, a concept that has been taken as a

paradigm of chaos (entropy) would have found a complement in an order-manifesting
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principle (fig. 5). The crucial difference between both schools is beyond error or correctness.
Its essence lies in a radical difference in intellectual interests (Fleck’s active connections)
concerning nature.

I hope to have encouraged the reader to recover a sense of the fluidity of the energy
concept in the decades in which it coalesced. However, our reflection must now concentrate
again on the transfer of the energy metaphor as a Trojan horse for pre-, trans- or meta-
scientific themes. If I am right, it will export scarcity together with thermodynamical
rationality to cultural contexts in which it was not a dominant perception.** It will besides

contribute to break the asymmetric complementarity of the genders.

Podolinsky: A “Molar,” Matricial ... or Easteuropean View On Energy
Would a concept of motion (and hence of “energy”) genuinely respectful of living matrices
because it shares their embeddedness have more benign social consequences when it evades
from the lab than the thermodynamicists’ motion in a void and its conceptual aftermath? The
question is concretely whether the energy concept—and in this case: which energy
concept?—can be used in a judo-like fashion to limit the destruction of self-reliant
communities by the industrial package of which “energy” is always a part. This is in my
opinion the intellectual project that Sergej Sergejevichtch Podolinsky succeeded in
formulating if not in realizing.*? In his attempt to enroll the energy concept for the protection
of communities embedded in a cultural tradition, rather than for their exploitation or
transformation, | found many fundamental molar intuitions. It is no wonder if one knows that
Podolinsky’s interests were haemodynamical and that he learned thermodynamics relatively
late.*3

Yet, Podolinsky has been thus far depicted as a pioneer of “ecological economics,** of

“social energetics” or of “energy accounting.” 1 think that more can be read in his work.
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Social energetics has regained actuality in the 1960’s, since it was seen as a possible antidote
to a destruction of nature not quite wrongly ascribed to monetary economics. The concept of
“energy accounting” was then presented as the truly ecological way of bargaining with
nature, reckoning its forces and assessing the ecological costs of economic development. For
a reading of Podolinsky in that light, I recommend Juan Martinez-Alier’s seminal paper,
which introduced the “green academia” to Podolinsky as a forerunner of Lotka, Cottrell,
Leslie White or even Georgescu-Roegen.*®

I will not repeat here what Martinez-Alier has so competently said. | will rather focus
on one aspect that has thus far not been sufficiently highlighted: it is Podolinsky’s use of the
energy concept as a scale to evaluate and measure human labor and to limit it when it
becomes industrial.

It is nowadays trivial to recall that: Every square meter of land receives daily between
2000 and 5000 kilocalories of solar energy. Some of it is conserved by the plants in the form
of “affinity energy” (chemical energy), which constitutes the first circle of biological energy
conservation, of which coal—Podolinsky does not speak of oil yet—must be considered an
integral part. Animal life can be visualized as a smaller cycle “feeding” on the first and
conserving energy as carbohydrates and proteins. Man contributes to conservation in both
cycles, not only in agriculture and the raising of life stock, but also through the making of
clothes, shoes and heated and well-insulated houses. Within this circle, man needs 1500-2500
Cal a day to keep himself alive and can transform one tenth of it into useful work. Yet, unless
one tolerates the death of the soil—and Dutch-style industrial hydropony on dead soil—he
has to remember that man ultimately derives his alimentary energy from the soil. So, as
economics is scaled by the measure of a man’s work output (some 200 Cal/day), social
geography must be scaled by the amount of cultivated land required to feed one person (about

one acre in intensive agriculture). No wonder that Podolinsky pretended to have unified the
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views of the Physiocrats, of the Marxists and of the thermodynamicists! Yet, man’s labor can
contribute either to the conservation or to the dissipation of energy. It will inevitably do the
latter if his industry is based on the exploitation of fossil energy. But the evaluation of his
work as conservative or dissipative depends also on the knowledge of his immediate or
mediate relation to the soil that feeds him. Following Podolinsky, man’s activity only
deserves the name labor if it is conservative.*® Dissipative activities do not deserve that name
and must be sanctioned as undue withdrawal of a common good from a community’s
existential matrix. Heavy industry, which rely on conserved solar energy in the form of fossil
organic compounds exhausts a common good and is not sustainable in the long run. As the
over-exploitation of the soil, it is not legitimate labor and must therefore be sanctioned.

The question that Podolinsky did not address directly is how illegitimate work must
be sanctioned. Ulrich von Weizsacker has recently suggested that all forms of tax raising
ought to be replaced by a single tax on energy conversions. In other words, all “labor” that
involves an industrial conversion of energy must be taxed in proportion to that conversion’s
intensity. | think that it is a practical complement to Podolinsky’s embedded view of energy
and the use of it as a factor of proportionality to evaluate man’s productive activities.*” Under
the shield of this radical protection of self-reliant communities, their commons and their
ecological-climatic matrices, an economy in the true sense of “administration of one’s own
house” could flourish again. A sustainable world of austere hedonistic activities, freed from
the energy-entropy form of the obsession with scarcity, in which the soil would be the
generator of plant life, wheat would again be allowed to be the substance of our daily bread,

and cow-dung to be a goddess’ gift.
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to have quantifiable aspects). Galileo’s decision was simple: to banish (emphasis mine) the
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Haller, Albrecht, Physiology, vol.ii, p. 304. In 1845, Joule built a machine in which the
conversion of a liquid’s molar motion could occur practically without heat losses, what
allowed an experimental measurement of the caloric equivalent of mechanical work: Joule,
James Prescott, “On the caloric equivalent of mechanical work” (communicated by Michael
Faraday, Foreign Associate of the Academy of Sciences, Paris, &c. &c. &c.) in Philosophical
Transactions 1850, Part 1, p. 298 ff. “In 1843, | announced the fact that “heat is evolved by
the passage of water through narrow tubes’ and that each degree of heat per Ib. of water
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due precision is this: why did the haemodynamicists repeatedly fail to formulate analytically
the caloric equivalent of mechanical work (= to describe Joule’s experiment
mathematically without starting a priori from the inverse of the mechanical equivalent of
heat), while Mayer, who was by no means a skilled mathematician succeeded in giving a
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the victory of the opposing school? The epistemological wager of the exercise is this: While
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connections, it is possible, knowing nature’s resistance avisos, to compare the active and the
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capitalists]. For labor is always a positive concept denoting the expanse of mechanical or
psychical energy for the sake of energy conservation” (p. 423).

47. Another modern complement to Podolinsky’s alternative “social energetics” comes from
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Romania, deplored this catastrophic Western predominance and saw it as a threat for
socialism: Georgescu-Roegen, Nicholas, “Economic Theory and Agrarian Economics” in
Oxford Economic Papers, 1960, 12: 1-40 (on this theme there is an older, more interesting
paper by G.-R., a statement of the “agrarian specificity” of East-European socialism which |
was unable to retrieve in my files).

Clausius’ response to Podolinsky is a striking illustration of the rightness of Georgescu-
Roegen’s point over the Western despise for East-European agrarian practices and theories:
Clausius, Rudolf, Ueber die Energievorréate in der Natur und ihre Verwertung zum Nutzen
der Menschheit. Bonn, 1885. “We now live in a marvelous period with respect to the
consumption of mechanical energy. In economic relations, it is usually taken as a rule that of
anything, only as much is consumed as can be produced in the same period (...). In reality, we
go about in a totally different manner, having at our disposal under the earth stocks (...)
formed in periods compared to which all historical times vanish. These we are now using and
we behave just as the happy heir eating up a rich legacy.” The tone of the several references
to Podolinsky to be found in the Marx-Engels correspondence is in tune with Clausius’: there
are no reasons for limiting industrial progress in its tapping of nature’s forces: “What
Podolinsky has completely forgotten is that the laboring man is not as much a conserver of
present sun energy as he is a waster of past sun energy.” Marx, Engels, Lettres sur les
Sciences de la Nature. Paris: Editions sociales, 1972, p. 109. The book contains 4 pages of
comments on Podolinsky, the largest from Engels, dated Dec. 1882.
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