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Abstract 

The paper is aimed to deliver and arguing a principle (more precise, a logical principle) 

concerning the entropic interactions between systems (taken in the most general sense): the 

principle of the minimum entropic gradient. In this end, firstly, a general typology of the humans 

(and, correlatively, of the human society) rationality paradigms is proposed, and the necessity of 

passing from the current optimality paradigm to the sustainability paradigm is argued based on 

entropic interaction considerations. In the second part, the study develops the suggestion for the 

principle of entropic interaction and calculates, in a simplified manner, the results of following 

this principle in a Universe endowed with „n” dissipative systems. Finally, some considerations 

of analogy between the principle of the minimal entropic gradient, and the „geodesics” followed 

by the commercial flows in the economic world are examined and assessed. The study proposes, 

along its economy, many suggestions to develop this direction of research, aimed to deliver 

strong bases for the new paradigm of the human rationality in the coming years: the 

sustainability paradigm and, further, of the viability paradigm (sustainability plus moral code). 
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1. Preliminaries 

As it is well-known, preserving the stationary state of an economic system (more generally, of a 

social one) accelerates the increasing of the environmental entropy, because this preservation 

involves the reduction (ultimately, the stop) of entropy increasing in the stationary system, by 

consuming low entropy  from the complementary environment. Let us note with   ( )     

the natural increasing of the universal entropy, in absence of any dissipative structures. The 

preservation of the stationary state by the dissipative systems will have to counteract, locally, 

this general increasing of the entropy. To this purpose, the dissipative structures will extract from 

the environment an amount of low entropy  of size     (   )1
. This is equivalent with 

„injecting” in the environment an equal amount of high entropy,        (   ); it means 

that the total entropy of the complementary environment will increase by  

  (  )     (   ). This rationality can be named rationality of type I (rationality of the 

local stationariness). The rationality based on optimality (on the extremisation of the objective 

within the limits of given restrictions) seems to lead to an additional acceleration of the entropy, 

compared to the situation when the stationary state of the economic systems is preserved. Indeed, if 

one wants to extremize an objective function, it will then be necessary not only to preserve the 
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 According to the analysis of Nicholas Georgescu-Roegen (1996). Law of entropy and the economic process, (in 

Romanian) Expert Press, Bucharest, collection of the National Bank of Romania, within the context of the 

discussion about Maxwell’s  demon, it seems that the information which the dissipative structures need in order to 

“know” how much low entropy they need to extract from the environment in order to preserve their stationariness, 

consumes an additional amount of low entropy  from the environment (also see Loschmidt’s argument). This 

supplementary low entropy was ensured by the coefficient  . 
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entropy at the existing level (namely, to ensure a null acceleration of the local entropy
2
), but it will 

have to decrease it directly proportional with the „ambition” of that extremisation. Therefore, the 

dissipative system will need a supplement of low entropy from the complementary environment, 

which we will note with   . If we note the low entropy necessary to be consumed in order to 

achieve the comprehensive and methodological ability to achieve extremisation (construction of 

the objective-function, setting of the restrictive equations, identify the manner of optimization etc.) 

with coefficient  , then the gain of low entropy (compared to the stationary state) necessary to 

the dissipative system to achieve the rationality based on optimality will be        (   ). 

Therefore, the environmental entropy will increase in the case of a dissipative system which 

follows a rationality based on optimality, compared with the case of a dissipative system which 

follows a rationality based on stationariness, with   (  )     (   )     (   ). If 
  

  
  , then       (         ). This rationality can be called as rationality of type 

II (rationality of local optimization). Then, the acceleration of entropy in the presence of the 

dissipative structures with rationality based on optimality, compared with the natural situation 

will be:  (    )     (         )      3
, where   is the acceleration factor. The 

rationality based on sustainability  (which we will name rationality of type III, that is to say, 

rationality of the local sustainability), according to what we said before, is nothing else but a 

rationality of stationariness, but since it “comes” after the rationality of optimality, we called it 

rationality of type III. Rightfully speaking, maybe there has never been a rationality of 

stationariness within the mixed dissipative systems, because the genuine economic behaviour has 

always relied on a criterion of optimization – minimization of the opportunity cost. Obviously, 

matching the increasing complexity of the human society, optimization also turned increasingly 

complex, in terms of instruments, which required repeated and cumulative accelerations of the 

global entropy. Therefore, it is necessary to return to a rationality comparable with the rationality 

of type I; thus, coefficient   will no longer function (we don’t need any more to know how is 

accomplished the principle of the rationality of type II) and it will be replaced by another 

coefficient, we will note it with  , which expresses the consumption of low entropy from the 

environment, required to know the way in which a local circular economic process  is 

accomplished
4
. This means that expression 

5
 shows the new gain of entropy from the 

                                                           
2
 It is easily noticeable that a null acceleration of the entropy is equivalent with the preservation of entropy speed. 

3
 The use of the term of acceleration has the following justification: the difference between the change of entropy 

when dissipative structures are present and the change of entropy when dissipative structures do not exist, gives us a 

modification of the change of entropy, which sends us to the concept of acceleration (if we were in the continuous 

case, we would have the second derivative of entropy which is exactly the acceleration). 
4
 A problem appears here: once the dissipative system function according to the rationality of type II, the low 

entropy corresponding to   has already been consumed (an amount of high entropy  with the “size”       
 
was 

“pumped” into the environment of the dissipative system. This increase of entropy can never be “recovered”. The 

significance of the symbolic reasoning is just that, from now on, the increase of entropy generated by the 

preservation of the knowledge necessary to accomplish the principle of rationality of type II will no longer take 

place (obviously, „forgetting” the knowledge and abilities to extremize an objective-function under given restrictive 

conditions, cannot create neg-entropy, although the acquisition of this knowledge created entropy; therefore,  we 

don’t have here a symmetric behaviour, in terms of entropy dynamics, regarding the change from one type of 

rationality to another type, which is consistent, of course, with the condition of non-negativity of the entropy speed). 
5
 We avoid saying that we have to minimize the expression    , because we are strongly convinced that the 

rationality based on sustainability  should be independent of any attempt for optimization. However, the unequivocal 

demonstration of the fact that the rationality based on sustainability is independent of any criterion of optimization is 

not yet available and it should be a theoretical challenge for the experts in this matter. It is, at the same time, 

noteworthy, that this study and other studies in the field (see, for instance, Prigogine’s principle of the minimal 

production of entropy) still use optimization principles. Nature itself seems to have no obvious reticence towards 

optimizations (at least as long-term trend; couldn’t the principial tendency of the Universe towards the 

thermodynamic equilibrium be evaluated as following a principle of optimization?). Despite these controversial 

aspects, we “feel” that sustainability should be evaluated using other principles than optimization or, ultimately, 

using principles based on another modality of understanding optimization. 





 

 

environment, since, as we have shown above, the gain of neg-entropy from the dissipative 

structures is equal with the gain of entropy from the environment of these structures, making 

abstraction of the requirement of low entropy necessary to acquire the actional knowledge or 

capabilities for each case of rationality aside. Therefore, passing from the model of rationality 

based on optimality to the model of rationality based on sustainability, will reduce the acceleration 

of the global entropy by:   (     )                       6
. It results 

that the “price”, expressed as acceleration of the global entropy, paid for each type of rationality 

of the dissipative systems, will have the following relation of order: 

  ( )    (  )    (  )    (  ) 

or, noting with     the natural „rationality” we may write:                , where   

means „entropically preferable
7
 to”. The real history of mankind followed, nevertheless, another 

evolution of the rationality (Figure 1):  

 

 

Figure 1. Logic of the social rationality  models formation 

Since    is out of discussion in the presence of dissipative structures, it results that mankind 

made a „non-rational leap”, in terms of entropy logics, from    to    , ignoring the better 

rationality of     
8
. Hopefully, both the effectiveness and the stringency of the problems raised 

by globalization, and the epistemological progresses achieved by the sciences dealing with 

domains where evolutionary progresses occur (among which, biology should probably be in the 

forefront, followed by economics), will generate, worldwide, the selection of the rationality of 

type III based on local sustainability
9
. Thus, the human dissipative system will be confronted, 

deliberatively, with the principle of the minimal production of entropy. 

 

 

                                                           
6
 It is obvious that    , because the requirement of knowledge necessary to run a circular economic process  is 

smaller than the requirement of knowledge necessary to achieve an extremisation of that process. Therefore: 

  (     )                 (   )      because      and    . 
7
 It is impossible not to feel the anthropomorphic discomfort of this expression. Probably that much more adequate, 

namely, in a higher conformity with the general context of this discussion, would have been an expression such as 

“generates a lower acceleration of the global entropy than…” 
8
 As many analyses suggest, it seems that the capitalist economic paradigm generated this “non-rational leap”; 

today, as we see from the current processes of globalization  and economic integration, a “leap back” of rationality 

is probable, in entropic perspective, from     to     . The expression „leap back” can be considered as logically 

suitable, because, ordinally speaking      is „before”    . However, the expression is not historically suitable, 

because historically,      is „after”    . 
9
 From the macrocosmic point of view, mankind „has available” a limited environment for its dissipative system, 

based for the time being on the rationality of type II: mother planet. Therefore, the acceleration of entropy within its 

dissipative system is incomparably higher than if the technological contact of mankind with the cosmic space, 

therefore with resources of low entropy would be higher (obviously, the expansion of the dissipative system of 

mankind, which means a relative reduction of the entropy speed in this environment, is not unimaginable in the 

future; the problem is whether this future is close enough so that mankind can afford to continue with the rationality 

of type II). 



 

 

2. On the relativity of the notion of complementary environment 

The matter described by the title of this paragraph is of utmost importance for the analytical 

production of „theory” on the causality involved by the binomial dissipative „system  – entropy”, 

but in this study we will only express some possibilities for future analysis, expecting the 

reaction of the specialists in the field, reaction which should generate a wider and, ultimately, 

more profitable argument for such a scientific preoccupations. 

In the situation in which several dissipative systems appear simultaneously in Universe 0
10

 (of 

course, this multitude of dissipative systems can be established successively, not necessarily 

concomitantly; important is that at a specific moment, in the Universe 1 we have several such 

systems), the notion of complementary environment becomes, so to say, multi-relative (it was 

anyhow relative, even if there would have been just on dissipative system, as it can immediately 

be noticed). This means that, given a specific dissipative system, say A, another dissipative 

system, say B, becomes anti-dissipative relative complementary environment for system A
11

. 

Such being the matter, we wonder how entropy will evolve in system B, given a particular 

evolution of the entropy in system A. In other words, question is, whether we have an entropic 

impact of a dissipative system on another dissipative system
12

. We need to admit that the 

dissipative systems “recognize”, at the membrane level (at the level of their boundary), the 

entropic gradient between them and the complementary environment
13

. Once we presupposed 

such capacity, how do the dissipative systems “chose” to achieve the “entropic exchange” 

(namely, to procure low entropy  in exchange for its high entropy)? Such formulated, there is 

therefore this question: how will a specific dissipative system „prefer” to make the entropic 

exchange with the complementary environment (in which, as already obvious, all the other 

existing dissipative systems are also included): at the level of the maximal entropic gradient, or 

at the level of the minimal one, or, maybe, there is no choice in the matter? We will probably 

have to postulate here another principle, similar to that of minimal trajectory from physics
14

, 

namely which says that the entropic exchange is done at the level of the minimal entropic 

gradient (MEG) [2]. This principle, once accepted, generates the very relativity of the 

complementary environment but, on the other hand, also generates a necessary matrix (the term 

of necessary has here its logic meaning) of the entropic interactions. This means that if we would 

have a “map” of the entropic gradients in the Universe 1, we could say exactly (the 

Laplaceanism from this expression is not difficult to be recognized) what entropic interactions 
                                                           
10

 By Universe 0 we understand that stage of the Universe evolution when no the dissipative systems exist.  
11

 Obviously, „A” and „B” are interchangeable, without any modification in their behaviour although, as we will see, the 

membranes of the dissipative systems might have to be able to recognize the entropic gradient between those particular 

dissipative systems and  the complementary environment (also concerning other dissipative systems, with different speeds 

of the local entropy). 
12

 We only consider the case of “contemporary” dissipative systems. The alternative case, in which the dissipative systems 

in entropic interaction are not contemporary, comes down to the previous case, because the existence of a dissipative 

system  leaves an „entropic trace” in the complementary environment in which it “lived”, trace which will be “considered” 

when a new dissipative system appears, non-contemporary, in terms of entropy level and speed (each  time the Universe is 

set to „zero”).. 
13

 Among the „functions” of Maxwell’s demon, is, obviously, that of  “calculating” the entropic gradient between 

the dissipative system and the genuine complementary environment (or between the dissipative system and the other 

dissipative systems). 
14

 As it is known, for instance, light always takes the shortest trajectory between two points (generally, the shortest 

trajectory is the trajectory which follows the geodesic generated by the space-time curvature, as the non-Euclidian 

geometries and the general theory of relativity show). Or, as mentioned before in this study, the dissipative systems 

also generate a sui-generis “entropic curvature”, although in another meaning than that regarding the physical space-

time. More precisely, the dissipative systems generate „geodesics” which show that the entropic interaction will take 

place between the dissipative systems with the minimal entropic gradient (the principle also works in the particular 

case in which in Universe 1 there is just one dissipative system: indeed, in this case, the minimal entropic gradient is 

exactly that between the dissipative system and the genuine homogenous anti-dissipative complementary 

environment, therefore the principle works again) [1]. 



 

 

will take place
15

 [3]. Therefore, the complementary environment can only be defined in a multi-

relative manner (actually in a contextual manner, or even, as it seems to us, rather practical or 

empirical, than theoretical).  

The “chain” of entropic interactions based on the principle of choosing the minimal entropic 

gradient shows a necessary acceleration of the global entropy of the Universe, an autocatalytic 

entropic acceleration: the more numerous are the dissipative systems, the higher is the speed of 

the global entropy. Furthermore, the more evolved are the dissipative systems (in the entropic 

meaning of the word, meaning that they decreased more the speed of the local entropy), the 

higher is the speed of the global entropy. Or, as we tried to show, the dissipative systems display 

a necessary trend of entropic evolution. We can therefore summarize the following: a) any 

variation of the local entropy speed is equivalent with a variation in the reversed direction of the 

complementary environment entropy; b) the principle of choosing the minimal entropic gradient 

for the entropic exchange between dissipative systems, accelerates additionally the global 

entropy. The last supposition needs, however, specific argumentation: suppose we are in 

Universe 1 in which there are two dissipative systems, A, with the speed of local entropy   ̅
  , 

and B, with the speed of local entropy   ̅
 , so that   ̅

    ̅
 . We will note the speed of entropy in 

the complementary environment relative to the two dissipative systems with   ̅
   

  (the way of 

noting shows that the forming of the two dissipative systems have caused the speed of entropy in 

the complementary environment to increase – according to the explanations proposed in this 

discussion – so that   ̅
      , where    signifies the speed of the entropy before any 

dissipative systems existence). Obviously,   
  |  ̅

    ̅
 |  |  ̅

    
   |    

 , where   is the 

entropic gradient, therefore the entropic exchange for a further reduction of entropy speed in the 

dissipative system A, will be done between it and the dissipative system B
16

. Given the relation 

of order between the speeds of the local entropies in the dissipative systems, the entropic 

exchange presumes that system A takes an amount of low entropy  from system B and, 

reciprocally, system B takes an amount of high entropy  from system A. It is now obvious the 

basic signification of the selection criterion of the minimal entropic gradient: this selection 

criterion ensures that there will be a minimal transfer of low entropy  from the less entropically 

developed dissipative system to the more entropically evolved dissipative system. Indeed, it is 

quite obvious that in order to obtain a differential of the local entropy speed, system A should 

consume more low entropy from the actual complementary environment, than it would have to 

consume from system B
17

.  
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 Of course, this determinist enthusiasm should be tempered substantially by the fact that, instrumentally, for the time 

being, it is not possible to quantify these entropic gradients. Let us notice, epistemologically, that we have here exactly the 

same problem which appeared in the matter of the cardinal usefulness (in this latter case, we have, however, the “solution” 

of using the theory of the ordinal utility which, however, also generates so many inconsistencies between the predictions 

and their materialization).  
16

 Logically, as soon as in the Universe 1 there are at least two dissipative systems, no more direct entropic changes 

occur with the genuine complementary environment; these exchanges take place only between the existing 

dissipative systems, based on the principle of choosing the minimal entropic gradients. It is obvious, at the same 

time, that an indirect entropic exchange will take place between the two dissipative systems, and based on the same 

principle of the minimal entropic gradient, the dissipative system with the speed of entropy closest to that of the 

complementary environment, will have, nevertheless, a direct entropic exchange with this environment. 
17

 It is like we would have a kind of entropic “productivity”: the amount of low entropy required to increase by a 

given amount the entropic differential between two dissipative systems (or between the dissipative system and the 

complementary environment, if in Universe 1 there would be just one dissipative system). Therefore, the principle 

of the minimal entropic gradient for the selection of the entropic interaction can also be expressed in its logically 

equivalent variant of the principle of maximal productivity of variation of the entropic gradient. There might be here 

a suggestion for the economists approaching the global productivity of factors: maybe, next to the Solow residual, 

we should also take into consideration a residual (with negative sign, this time) generated by the entropic processes 

from the economic activities, so we can also have a global productivity of the factors, not just a total productivity. 



 

 

There is one last problem here, which we would like to approach in this study: is the selection of 

the minimal entropic gradient used to achieve the entropic exchange necessary to a dissipative 

system consistent or not with Prigogine’s principle of the minimal production of entropy? If we 

would take for argument the behaviour of the natural systems (quasi-mixed, in the terminology 

used here), we should give an affirmative answer (also see [1]) [4]. 

Figure 2 gives a synoptic image of these considerations. 

 

 

Figure 2. Logic of the direct/indirect entropic interactions 

We will try now to formalize the mechanism of the entropic interaction in the Universe 1 „fitted” 

with more than one dissipative system . 

Suppose that there are   such dissipative systems, each with own speed
18

 of the local entropy, 

speed which is in the following order:   ̅
    ̅

      ̅
 . . According to the criterion of 

choosing the entropic interaction (obviously, the principle of the minimal entropic gradient can 

no longer be formulated as the principle of the entropically proximal interaction), which we 

introduced earlier, the entropic evolution of the   dissipative systems will necessarily mean that 

system 1 interacts with system 2, in order to take low entropy  from it, that system 2 interacts 

with system 3, in order to take low entropy  from it, etc. System   will interact with the genuine 

complementary environment (which we will consider as „n+1” system) in order to take low 

entropy from it. Let us note with   
   the amount of low entropy transferred from system „j” to 

system „i” and with   
 19

 the consumption of low entropy in system „j” in order to accomplish the 

transfer of low entropy from system „j” to system „i”. The amount of low entropy transferred 

from system „j” to system „i” is an increasing function according to the entropic gradient
20

: 
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 Please note that in this demonstration we use improperly the clock time, because, otherwise (using the own time, 

assigned to the entropic process and dependent on it), as the reader who followed us until here will immediately 

notice, we don’t have differences of relative speeds within the entire assembly of considered dissipative systems. 
19

 Obviously,    ( ), but for the time being, the analytical characteristics of this functional dependency will be 

ignored. 
20

 This condition is not arbitrary, it is the logical consequence of the previous postulate regarding the fact that the 

dissipative system “chooses” to transfer a minimal amount of low entropy  to reach its „target” of reducing the local 

entropy speed. The above conclusion results from the fact that the entropic gradient is maximal when the dissipative 

system interacts with the genuine complementary environment (and when, therefore, it has to extract a maximal 

amount of low entropy). 

i

j




 

 

  
   (  

 
)21

, with   
    . Therefore, following the interaction between system „j” and system 

„i”, in system „j” we have an “increase” of low entropy, with the size of    
   (  

 
)    

 , for 

     , and         (   ), and          (we remind that „n+1”, is the genuine 

complementary environment). If we now note with   the rate of the additional consumption of 

low energy related to the transfer of low entropy, then:    
   (  

 
)  (    

 )22
. As the 

entropic interaction between the two systems
23

 changed the speed of the local entropies within 

the two systems, it results that the next interaction (between the system which „pumped” low 

entropy and the system located in its entropic proximity – in terms of entropic gradient) will 

undergo changes in terms of the amount of low entropy required for the entropic interaction. Let 

us now organise the full process of the entropic interactions, as in Table 1 (we will note with  a 

functional mode, for instance, multiplicative, of dependence on the local entropy speed variation 

within a system due to the increase of entropy
24

). 

Let us note with  ̅ a divisor of the global entropy increasing (DGEI), which will be determined 

as ratio of the total entropy variation in the case of the logic entropic interaction (based on the 

principle of the minimal entropic gradient) and the total entropy variation in the case of the 

entropic interaction of each system directly with the genuine complementary environment. 

Formally, we have: 

 ̅  
∑  (  

   ) 
   

∑  (  
 ) 

   

 

It is immediately obvious that  ̅   25
, because the numerator will be smaller than the 

denominator, based on the fact that   is a function increasing with the entropic gradient. 

For instance, we will consider function   as a multiplicative function, such as       , 

where   is a dimension (considered to be constant) which signifies an amount of low entropy  

transfer per „unit” of entropic gradient  (therefore, it would be the average transfer of low 

entropy  due to the entropic interaction), then we can write successively: 

∑  (  
   )    ∑   

    
   

 
   , ∑  (  

 )    ∑   
  

   
 
   ,   

       
    

where    is a factor higher than the unit which links the entropic gradient generated by the logic 

entropic interaction between any the two dissipative systems (based on the principle of the 

minimal entropic gradient) with the entropic gradient generated by the direct entropic interaction 

of any dissipative system directly with the complementary environment. String (  ) for , is 

a real string, infinite, increasing, with      and      , for any          . 
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 For simplification, we may consider that this dependency, measured by  , is uniform (independent of the 

dissipative systems). This comes to the fact that   is not distinctly specified in relation with „i,j” pair. 
22

 We will also suppose that the interaction between any two dissipative systems (based on the principle of the 

minimal entropic gradient) doesn’t change, by itself, the initial order of the local entropy speeds for the   dissipative 

systems (even if it doesn’t change the relative speeds, we will suppose that this change doesn’t have the amplitude 

sufficient to modify the initial hierarchy of the entropy speed). This is a methodologically useful simplifying 

hypothesis, which doesn’t change a bit the validity of the outcome. 
23

 The hypothesis that the dissipative systems interact two-by-two, the other dissipative systems “waiting” the end of 

a given transaction to “see” which is the new map of the entropic gradients, is quite simplifying. It is much more 

probably (we don’t ascribe to the term „probable” any connotation pertaining to the theory of probabilities, we only 

use it in its “civil” meaning) that the dissipative systems will behave as a network. This latter hypothesis demands, 

however, analytical developments, which are not within the scope of this material. 
24

 For simplification, we may consider that this dependency, measured by  , is uniform (independent of the 

dissipative systems). 
25

 It is readily observable that  ̅    only in the particular case in which in Universe 1 there is just one dissipative 

system.  
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We can then write:  ̅  
∑   

    
   

∑      
    

   

  .  

Therefore, we reached the conclusion that the “observation” of the principle of the minimal 

gradient used for the “selection” of the entropic interaction verifies the principle of the minimal 

production of entropy, which clearly proves the consistency between the two principles [5]. This 

result can also be taken as a sui-generis demonstration of the principle of the minimal production of 

entropy (which is a non-intuitive principle) based on a much more intuitive postulate
26

, the postulate 

which demands that the next entropic interaction should always occur between the dissipative 

systems which generate a minimal entropic gradient. 

Table 1. Calculation of the entropic interaction in a Universe with n dissipative systems 

Dissipative 
systems in 
interaction 

Initial 
entropic 
gradient 

Entropic gradient after the logically previous 
interaction27 

(using of the principle of the minimal entropic 
gradient)  

Total variation of entropy 
in the case of the entropic 
interaction of each system 
directly  with the genuine 

complementary 
environment 

Total variation of entropy in 
the case of the logic entropic 

interaction (using of the 
principle of the minimal 

entropic gradient)  
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Total 
Universe31  

-  (   )  ∑  (  
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3. Some conclusions 

It seems the dissipative systems break the entropic symmetry of the Universe, creating two 

generic structures: the dissipative system, on the one hand, and the complementary environment 

of the dissipative system, on the other hand. This entropic heterogeneization generates a 

redistribution of the “mass” of entropy, separating a low entropy  (with a higher level of 

complexity) within the membrane of the dissipative system, from a high entropy  (lower level of 

complexity) within the complementary environment. The increasing of complexity decreases, 
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 Let us not forget that, epistemologically, understanding requires intuitiveness, while knowledge is happy with 

rationality (logic demonstration). Or, it is essentially that intuitiveness is ensured at the level of the premises (as we 

did using the postulate of the minimal entropic gradient, also see [2], and [4]); the demonstration or argument can 

also be the result of a logic automation system. 
27

 We don’t know whether the logical order of the interaction coincides with the chronological order (according to 

the clock time, there should be such correspondence; for the necessities of this analysis we do not need the own time 

of the dissipative systems). 
28

 The arrow indicates here the direction of moving of the low entropy. 
29

 It is enough to measure the successive gain of entropy  within the genuine complementary environment. 
30

 It is enough to measure the entropy variation in the dissipative system “donor” of low entropy. 
31

 To make the calculations more simple, we may also accept the invariance of    
 , namely   

   , for any „i” and 

„j”. 



 

 

however, the beat of own time (specific, process-dependent) within the dissipative system, which 

means that it reduces the speed of entropy (decelerating it) and increases the own time beat 

within the complementary environment, meaning it increases entropy speed (accelerating it). The 

principle of the global entropy speed invariance (effect of an implicit principle of the global 

entropy invariance, which relies on the principle of total simplicity invariance of a dissipative 

system
32

) acts only is we take into consideration a simple redistribution of entropy when the 

dissipative system appeared (we can call this type of entropy as compensation entropy
33

). The 

“birth” itself of the dissipative system requires a consumption of low entropy from the 

complementary environment or (which is the same, that is to say, it is logically equivalent), 

requires a “production” of high entropy in the complementary environment, which we can call as 

heterogeneization entropy
34

. Thus, between the two sub-layers of Universe 1 (the dissipative 

system and the complementary environment) there no relative difference of entropy speed 

(generated by the inadequate measurement, with the clock time) between the two speeds
35

, but 

there is an absolute difference of entropy speed. This absolute difference leads to the acceleration 

of the global entropy (in both mentioned structures). This means that the process of dissipative 

systems
36

 appearance changes, at absolute level, the speed of the global entropy. 

These considerations are capable to lead to an important conclusion on the dynamics of the 

human society rationality: from the rationality of stationariness, to that of optimality and, 

presently, from the rationality of optimality to that of sustainability. The principles of entropy 

(theoretical argument), as well as the emergent problems of globalization (pragmatic argument) 

lead to the necessity of giving up the paradigm of optimality and to the development 

(institutional too) of the paradigm of sustainability. 

The entropic interaction occurs on the basis of the minimal entropic gradient (when the number 

of dissipative systems from the Universe is higher than 1) and we demonstrated that this 

principle is consistent with the principle of the minimal production of entropy, introduced by 

Prigogine; this demonstration of consistency can also be considered as an actual demonstration 

of the principle of the minimal production of entropy. 

At the same time, the above conclusions and considerations raise, in turn, many other issues yet 

to answered, or, in the best case, without a conclusive answer. Here are a few of them: a) is it of 

any importance the age
37

 of Universe 0 at the moment when the dissipative system appeared? 

How is this influence exerted, in terms of entropy speeds and accelerations?; b) is it possible to 

have a dissipative system  in which entropy speed becomes negative, which means that entropy 
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 Such a principle could say: the sum of the internal simplicity of the dissipative system and the external simplicity 

of it is constant (or, that is the same, the sum of the internal complexity of the dissipative system and the external 

complexity of it is constant). Two comments here: a) the complexity is the logic complement of the simplicity; b) 

the external simplicity (or complexity) of a dissipative system is also called as its ecological simplicity (or 

complexity). 
33

 We call entropy of compensation the increase of entropy in the complementary environment, driven by the 

decrease of entropy in the dissipative system. 
34

 We call entropy of heterogeneization the low entropy necessary for the appearance of the entropic heterogeneity 

(appearance of the dissipative system). 
35

 While, by measuring with own clocks (based on the time beat of own time of each sub-structure) we have the 

verification of the principle of entropy speed invariance. 
36

 Logically, the appearance of the dissipative systems is equivalent to the entropic “improvement” of the existing 

dissipative systems in terms of entropy deceleration in relation to the global entropic speed reached at that moment, 

because the impact on the heterogeneization entropy is the same [6]. We could develop here a nice theorem of 

invariance, similar, in some aspects, with the Miller-Modigliani invariance in the field of investment financing. 
37

 It is readily observable that the age of Universe 0 sends to the level of Universe 0 entropization at the moment 

when a dissipative system   appeared. An additional question that may emerge here is as follows: are the „odds” (we 

would like you not to see in this word any allusion to the theory of probability) of a dissipative system appearance 

„catalysed” by the level of Universe entropization or independent of it? This question is capital for the entire 

economy of the debate proposed in this study. 



 

 

decreases
38

? What significance should have this situation from the perspective of the time arrow? 

c) is it of any importance whether one or several dissipative systems appear in Universe 0? How 

does this situation influence the speed of global entropy?
39

; d) how does a dissipative system 

„know” how much low entropy it needs to extract from its complementary environment (or, 

indirectly, from other dissipative systems, in agreement with the principle of the entropic logic 

action)? Four questions that are waiting for their answers. 

Notes, comments, references 

[1]: Specific gradients (differences of “potential”) can be defined for the economic dissipative 

systems which are, obviously, mixed dissipative systems (for a proposal in this direction see the 

book of Emil Dinga (2012), Rebuilding Economics. A Logical, Epistemological and 

Methodological Approach, Saarbrucken-Germany, Lambert Academic Press, pp. 479-485. 

[2]: The principle is suggested, otherwise, by the sublunary experience (until the contrary proof, 

we should consider it valid for the whole universe, passing, under the sanction of the Popperian 

falsifiability, from contingent to necessary) about, for instance, the trophic chain from the 

genuine nature: the carnivorous animals from the top of the trophic chain don’t procure low 

entropy directly from the vegetal environment, they rather “prefer” to do it indirectly, consuming 

herbivore animals. But this means only the “selection” of the entropic exchange on the basis of 

the principle of the minimal entropic gradient. 

[3]: Let us notice one more important thing: the entropic gradient has an algebraic sign: the 

entropic exchange will occur in such a way that the low entropy will “circulate” from the system 

which has higher entropy to the system which has lower entropy, never vice versa. This 

statement must be argued, however. Here is our argument: we “decided” that the finality of 

Universe 0 (therefore of any possible Universe 1) is to reach the state of thermodynamic 

equilibrium. Since the appearance of the dissipative systems (systems which are far from 

equilibrium) accelerate this process, it “results” that this appearance of the dissipative systems is 

“rational”. Now, if we were to suppose that the entropic exchange, in the case of a given entropic 

gradient, would be done in such a way that the system with higher entropy would circulate high 

entropy  towards the system with low entropy, then, according to what we said before, low 

entropy  from the high entropy system should be consumed in order to accomplish this exchange; 

and this produces high entropy in the system which has just “delivered” high entropy, which 

would cancel, for example (or would decrease, anyhow), the entropic “gain” obtained by the 

“export” of high entropy. This result doesn’t fit within the rationality mentioned above. In 

consequence, the entropic exchange will occur exactly the other way around: the high entropy 

system will “pump” low entropy towards the low entropy system, which will increase the 

consumption of low entropy in the high entropy system. This time, the result is in agreement 

with the “rationality” of the particular Universe.  

[4]: For instance, in the case of the economic systems, the appearance of specialization on the 

basis of the productive (absolute or relative) advantage which led to the exchange, makes the 

trade relations to actually take place on specific “geodesics” generated by the level of economic 

development. We may thus say (which must be, of course, developed in a complete and coherent 
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 We will notice that intervening here is the importance of the distinction between the non-human dissipative 

systems (which “go” all the way up to annulling entropy speed, in principle) and the human dissipative systems 

(which, particularly through the social construction, seem to reduce entropy, producing negative entropy speeds). 

Curiously, from the perspective of the clock time, no existential anguish appeared in relation to the reversal of the 

time arrow. It is possible, however, that the explanation doesn’t use merely logic considerations, but also 

psychological ones. 
39

 We sketched here an answer by the very demonstration of the principle of the minimal entropy production. 

However, we keep the problem on our agenda, because it may generate new developments and simplifications of the 

entropy theory. 



 

 

manner) that the economic flows (goods or production factors) follow a kind of minimal gradient 

of the level of economic development (level that can refer either to competitiveness, or to 

productivity, or to opportunity etc.
40

) 

[5]: A question arises: why doesn’t the Universe prevent the appearance of dissipative systems
41

 

and simply “endeavours” to observe the principle of the entropic interaction on the basis of the 

minimal entropic gradient which leads to the minimization of entropy  production, hardly after 

the dissipative systems appeared. This “solution” is, obviously, less efficient, and the rationality 

that we designed, cognitively, about Universe 0 is harmed. The appearance of the first dissipative 

system   is the result of a spontaneous “action” of appearance of an entropic heterogeneity. If we 

accept this “irrational” spontaneity, then the appearance of the second dissipative system (and 

the rule may apply ad infinitum, to no matter how many dissipative systems) is logically 

necessary, just in order to comply with the principle of the minimal production of entropy. After 

the appearance of the first dissipative system, Universe 1 behaves „rational”
42

. 

[6]: It is worthy to remember that a dissipative system  can place itself in the following “entropic 

situations” a) the entropy speed within the membrane is equal with the speed of the global 

entropy (which means that there are no variations of entropy speed in relation with the 

complementary environment); b) the speed of entropy decreases below the speed of the global 

entropy (there is a consumption of low entropy  from the complementary environment, in the 

form of heterogeneization entropy, in order to ensure this speed differential); c) the speed of 

entropy becomes zero, the system becomes entropically stationary (there is a consumption of low 

entropy  from the complementary environment, in the form of heterogeneization entropy, in 

order to ensure this stagnation of the level of complexity); d) the speed of entropy becomes 

negative, which means that the system increases its level of complexity (there is not just a 

consumption of low entropy from the complementary environment necessary to accomplish this 

“objective”, but there also is the thorny matter of the time arrow
43

. 
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 The gifted analysts might have here suggestions to replace both criteria of national specialization (the absolute 

advantage, the relative advantage, the competitive advantage, endowment with factors, average level of national 

productivity, niches etc.) by a more general criterion: that of the economic geodesics. An approach revealing this 

problem can be found in the book of Emil Dinga (2001), The inertial phenomenon within the economic process, (in 

Romanian) Economic Publishing House, Bucharest, Romania, p. 99. 
41

 Actually, it is important to prevent the appearance of a first dissipative system. 
42

 Out of considerations of terminological consistency, we might say that, within the margin of the spontaneous 

emergence of the first entropic heterogeneity (the appearance of the first dissipative system), Universe 0 behaves a-

rationally (not irrationally). 
43

 The problem of the time arrow is approached, obviously, from the perspective of the clock time, which is an 

improper one. 
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