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Bejan 2.0: Toward a More Refined Constructal Law
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Abstract

Other than Bejan's constructal law predicts, evolution of flow-systems (or life) goes with ups and downs. Essential for
evolution are physical processes of trying. The better access ‘only’ needs to come before death or extinction. The process
of dying gives time for this. Lowering access may even need to precede the better access.

The freedom law predicts how and when new systems or life emerge through reductive freedom, and it shows how
evolution works through changing freedom. Reductive freedom itself evolves, and is co-created top-down, because of
higher life-forms needing it for their survival. Yet reductive freedom is not always ‘accessed’ immediately.

I suggest an evolved version of both the constructal and the freedom law:->
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1. Introduction

I want to argue that Bejan's formulation of the con-
structal law does not strictly and completely match his
own ideas behind it [1, 2, 3] —it is correct in spirit, but
not in letter. My theory on reductive freedom will need
some additions too. Changes to my own theory have to do
with “potentiality”; that is of things not always and not
continuously being necessary or causal [4].

1.1. Ups and downs of easier access
This is the original constructal law:

For a finite-size system to persist in time (to
live), it must evolve [freely] in such a way that
it provides easier access to the imposed cur-
rents that flow through it [1, 2, 3],

Interpreted strictly, the law states that access to the flow of
a system has to grow always (through evolutionary means).
But we know from biology and engineering that, in prac-
tice, such goes with ups and downs — with a rhythm even.
This is an undeniable falsification of the law, and very in-
teresting. One cannot say that “easier access” is not to be
taken strictly because the word “evolve,” meaning ‘evolu-
tion,” is used too. Yet, indeed, access must certainly grow
“in time, i.e., before life dies. But dying and extinction
are processes. Dying and extinction give time. A physical
law should catch these ‘ripples of time’ within the law. So,
the constructal law itself will have to evolve:-)
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1.2. The birth of laws from concepts or insights

The constructal law is entangled with, what I call, “re-
ductive freedom” [5, 6]. From the easy to show existence
of reductive freedom, necessarily follows ‘my’ freedom law.
This law is about life coming into existence. It is the law
of emergence.

Bejan's constructal law is about life being and staying
in existence. It is the law that necessarily follows from
his physical concept of life and the real existence of that:
Physical life is anything that both flows and has a persis-
tent but evolving design or configuration, for example, a
river. Therefore I also call his law “the law of life” —ipso
facto the law of death.

1.3. Life and death from the constructal law

As stated in [5, 6], the constructal law can be reformu-
lated starting with an “if”: “If a system is to persist in
time (i.e., if it lives), it must evolve freely in such a way
that it provides easier access to the imposed currents that
flow through it.” This formulation more clearly shows that
the constructal law is not only about life, but also about
death. 1 have shown how the type of death that ‘bricks,’
‘solidifies,” or ‘fixates’ configurations is fundamental to the
construction of the universe. Regarding biological systems,
a ‘dissolving’ or ‘destructive’ kind of death is more impor-
tant, since biological evolution spreads through offspring,
so parents have to die — but much of such life is fixated
in DNA.

1.4. Life creating freedom and ‘higher level’ life

In [5, 6] I explain how life builds itself up out of reduc-
tive freedom of other living or (relatively) death systems.
Life “supervenes” on other lives and deaths [7].

Reductive freedom means that the parts of a system do
not fully determine the state of that system. They, so to
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say, submit themselves and wait for ‘input,’ i.e., they show
a certain ‘behavior’ Here reductionism ends, and a new
system or being emerges, for which the constructal law ap-
plies again — this is a ‘newborn’ universe with its own time
and space, though the time and space of its constituents
is not lost, e.g., our thoughts (mental time-space) living in
our brain (physical time-space) [5, 6]. Some examples in [6]
are: The moment people start behaving habitually or pre-
dictably, a social structure will emerge. Regarding physics,
atoms are largely dead structures, but they do have chem-
ical freedom, which may create all kinds of materials. In
an inviscid jet, the compressibility of air molecules (=free-
dom) within a cylinder, makes that its output behaves as
a column under pressure, and therefore it creates a sound
with a frequency determined mainly by the exhaust's di-
ameter.

2. A better freedom law and theory
In [5, 6] the freedom law states:

When and only when reductive freedom arises,
life can cause new natural systems or beings to
come into existence, that is to emerge.

Mimicking Bejan's formulation of the constructal law, a
more clear formulation of the freedom law may be:

For a new being or natural system to come
into existence, i.e., to emerge, reductive free-
dom must arise.

When energy starts to flow, then (by definition) a flow-
system will arise. As the first law of thermodynamics
states, energy cannot just disappear with no effect, though
it may end up as entropy, i.e., inaccessible energy; see [4].

2.1. Life co-creating its own freedom

In [5] and [6] I take freedom itself to be determined only
by reductionist principles. That was the aim of these ar-
ticles: to prove to reductionists that irreducibility and the
emergence of new beings erist. Now that we understand
that, we can take the next step: top-down (co)creation of
reductive freedom.

My earlier articles introducing the freedom law assume
reductive freedom to arise first, with (higher level) life
emerging from this. However, and more complex, a par-
tial freedom may arise first, which may get ever more free
in the process of the emerging and evolving life because
of this life —i.e., non-reductionist. The evolving life may
need the evolving freedom and thus choose it to evolve, like
with DNA, i.e., a molecule, evolving under environmental
pressure. This is ‘top-down’ co-creation of freedom. The
evolution of our intelligence is also an example of this.
Humans need free intelligence for survival, so that is what
our (cultural, lingual, biological, and personal) evolution
is ‘aiming’ at. In [5, 6] I did realize how life uses a provided

reductive freedom, and how it itself forms or creates new,
reducible, ‘bottom-up,” reductive freedom, but I more or
less ‘forgot’ how this life itself may co-create this freedom
‘top down,’” because of freedom being beneficial or even
essential to this life.

2.2. Potential, accessible, and accessed freedom

I at first thought that reductive freedom would always
cause a new natural system or being to come into exis-
tence. But then I thought of a battery. A battery has a
potential to provide ‘action,’ i.e., it is accessible. But one
need not use or access it. There is a freedom to connect
to the battery's current or not, as many electronic circuits
are switching between continuously. Isn't there actually al-
ways first a potential or accessible freedom or use, which is
then, or in the end, ((almost) always), accessed? —in the
end, any battery will drain. Isn't that the essence of time
and finiteness? Such a potentially usable, but momentary
inaccessed or inaccessible force, in fact is a relativistic form
of entropy, as I explain in [4].

Introducing ‘potentiality’ makes that we take time and
configuration into account more explicitly. The freedom is
double free; it is both reductively free, and it is ‘potential,’
‘accessible,” or ‘optional,’ i.e., ‘free to use! These, in fact,
are the same freedom, but the first is as seen from ‘the in-
side,’ i.e., the (reducible) design and cause of the freedom.
The second is as seen from ‘the outside,” i.e., its praxis,
usability, and behavior. The constructal law adds a third:
evolutionary freedom through change in configuration or
design.?2 In [4] T delve deeper into potentiality, freedom
and energy.

3. A better constructal law — a better law of life

Evolution is not, as the constructal law in a (semanti-
cally and syntactically) strict reading presumes, an ever-
and-always rising access. In nature, there are examples of
animals, or parts of animals, that have not changed for
millions of years. Think of mitochondria or chlorophyll
and the processes around it. Even if these will some day
evolve, there is a long period in which they need not or
do not evolve, yet in which they are alive for sure. Bejan
certainly came to realize this too, but he did not adapt the
constructal law to it.

8.1. Constructal law requirements

Let me sum up what the better constructal law should
take into account... (1) Like not every reductive freedom
immediately leads to the emergence of life, so life does not

2T would have liked to note here that evolution is to change the
superversal or extraversal usage of more subversal or intraversal sys-
tems. But I have experienced that reviewers who have not read my
earlier work will not accept this. Since I do not want to repeat my
arguments, I will not use these terms here, except in footnotes.
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continuously and at every moment evolve. It is not re-
quired to do so because dying and extinguishing are pro-
cesses, so it gives time to not evolve and to make errors.
(2) Since the process of evolution is seldom perfect, i.e., it
goes with ups and downs, access will not even (need to)
rise always. Only in retrospect it will, if you take a ‘long
enough’ period of time. I think the prototypical example is
this: A big DNA mutation may be quite destructive for an
individual, but if it gets into offspring, one ‘good’ mutation
in it might select out. For instance, human beings likely
have evolved into having ever better access from neoteny,
i.e., loosing evolved traits, becoming ever more juvenile,
and ever more flexible and playful in our behavior. En-
gineers do not always immediately make the best choices
either:-/ (3) Wrong choices are often even necessary to get
at the right ones, for instance, making up a ‘first’ construc-
tal law:-) Creativity, in general, goes with ups and downs.
(4) Although, in a strict interpretation the constructal law
is not fully correct, the idea of ‘on average’ gaining ever
more access is true and very important. How to formulate
that? And, less ‘critical,” (5) what if the accessed flow, as
provided by the environment, diminishes? Then, proba-
bly, absolute access to it lowers with it, but relative access
maybe does not —taking “relative” to mean relative to
competitors and relative to the diminished flow. (6) The
constructal law should state that all life must have the po-
tential or freedom to evolve, not that it must evolve at any
and every moment. But, (7) there are situations in which,
in order to survive, it indeed must evolve, including be-
cause competitors evolve better, and (8) it usually has to
do so in time, thus (9) quite continuously, to survive in
times of hard competition. (10) This will go with ups and
downs, with a certain rhythm, the frequency of which is
partly determined by external forces, i.e., top-down causal-
ity. Furthermore, (11) isolated and closed systems, such
as the universe or the earth's economy as a whole, may
not for ever need to raise their access in order to survive
and live on; at a certain moment, keeping access may be
good enough. Lastly, (12) the updated law should predict
more (and more precise) than the original.

3.2. Law of life and death — randomness, uncertainty,
and selection

To meet all these criteria one may change the construc-
tal law as follows:

For a finite-size system to persist in time (to
live), it must keep trying to evolve (its freedom)
in such a way that it provides easier access to
the imposed currents that flow through it.

But I prefer the following, as it is more specific:

For a finite-size system to stay alive (i.e., to
persist in time), it must access and keep trying

to evolve its freedom (i.e., its ‘internal’ and ‘ex-
ternal’® possibilities) in such a way that it ac-
cesses the imposed currents that flow through
it ever better.

In this, “keep trying” provides the ‘direction,’” or even ‘in-
tention,” of development and evolution, yet it allows for
‘ups and downs.

A physical definition of “trying” is not only possible,
it is used extensively already. It means ‘to do, but to
stop, return, die (“selection”), or do something else if not
successful” We find this in stochastic or statistical inter-
pretations of physics and reality. Then “trying” relates to
randomness and uncertainty. We find this in biology (ran-
dom mutations in DNA) and in quantum mechanics. In
the psychic and social domain possible operationalizations
of ‘trying’ are, for instance, playing, arousal, and search-
ing.

Remark that ‘ever better’ does not guarantee survival,
others might do even better. But it does define an aspect
of life, while it is still alive. Regarding the constructal
law, death and dying are usually forgotten, though it is
essential in many ways.

3.8. Trying without “trying”..

Some readers may nevertheless protest against the term
“trying” in this context. Then they must try to;-) leave
it all to the meaning of “to evolve,” as in Bejan's formu-
lation. “Evolution” is more correct than “evolving.” This
tried;-), I think syntactically “evolution” is not enough, for
the law still suggests that access should always improve.
“Enough access not to die” instead of “easier access” would
be better, but this predicts less than the original law:

For a finite-size system to live (to persist in
time), it must access its (‘internal’ and ‘exter-
nal’)® freedom, and there must be evolution
of this freedom in such a way that it provides
enough access, to the imposed currents that
flow through it, to stay alive.

This version does not show that, in the end, access must
(‘on average’) be ever better. “Keep trying” really says it
all and points at what is actually and really happening.

8.4. Flowing and flowable freedom

Flowability or movability is a special form of reductive
freedom, i.e., some systems have the (reductive) freedom to
flow. The direct environment determines where the flow-
able stuff will move to, the stuff itself does not. Movement
is much like such flow in the context of this article. Typ-
ically this is the stuff that runs through the flow-systems
that the constructal law is about.

3 Hereby we mean, of course, subversal (or intraversal) and super-
versal (or extraversal) freedom.
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Anything (physically or non-physically) flowable is a
carrier of (physical or non-physical) energy. Anything
flowing physically, including heat, also has physical energy
—and generates entropy.

Although special, flow is just one example of reduc-
tive freedom. The other way round, in any configuration,
freedom itself can be seen as a ‘thing’ or behavior, i.e., an
abstraction comparable to energy, that can flow through this
configuration. For instance, thoughts and knowledge can
flow in our brain and between people. They even have en-
ergy, though not physical. Historically flowing gasses gave
us these insights. I thought of one example where the flow
more or less is the configuration: Domino toppling:-)
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