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Abstract 

The present paper aims at showing how Empowering Communities may progressively 

increase their role by adopting the Maximum Ordinality Principle (MOP) as basic 

reference criterion. This is because its adoption on behalf of a given Community 

generates an increasing sense of being a real Community, together with its correlative 

responsibilities. This aspect will preliminarily be shown in the case of adverse 

conditions, such as for instance energy scarcity. However, the process becomes much 

more intensive when the MOP is adopted to deal with aspects that go well beyond 

energy scarcity. In such a perspective, we assumed as Reference System five 

European Countries (Italy, France, Spain, Germany, Austria), which were modelled as 

a unique and sole Self-Organizing System, that is understood as being a Real 

Community. In this way, after having preliminarily shown the increase of Resistance 

and Resilience of such an Ordinal Community adverse energy scarcity, immediately 

after the paper will present the most appropriate modalities for the research for new 

energy sources, always with reference to the same Ordinal Community. However, as 

a further significant contribution of the MOP, the paper will then show how the 

considered Countries can even more increase their consciousness of being a real and 

proper Community. Not only with reference to their Ordinal Relationships within 

themselves, but also, and especially, in terms of their Ordinal Relationships with all the 

other surrounding Countries, and even with the Environment. All these aspects, in fact, 

can become an effective reality precisely because, as previously anticipated, the 

adoption of the MOP as Reference Principle represents a valid choice for analyzing 

both “non-living”, “living” and “conscious” Self-Organizing Systems. 

 

Keywords: Empowering Communities, Maximum Ordinality Principle, Incipient 
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Introduction 
The Ostensive Example adopted as an introductory case study is a System made up 

of five almost adjacent European Countries (Italy, France, Spain, Germany, Austria). 

Such countries, considered in the light of the MOP, were modelled as a unique and 

sole Self-Organizing System, in order to successively analyze, as already anticipated 

in the abstract, several and diversified aspects which go well beyond the energy 

scarcity. To this purpose, it is then preliminarily worth recalling the physical and 

conceptual bases of the MOP and its correlative formal language. 

The Reference Principle adopted for the 
abovementioned analysis and its correlative formal 
language 

The Maximum Ordinality Principle (MOP), presented in 2010 at the 6th Biennial 

Emergy Conference, Univ. of Florida [12], is a Principle that is apt to describe the 

“Emerging Quality” of Self-Organizing Systems. Its verbal enunciation asserts that 

“Every System tends to maximize its Ordinality, including that of its surrounding 

habitat”, and it is formulated by means of two fundamental equations, which are so 

strictly related to each other so as to form a Whole ([15], [16],[17]) 

The First Fundamental Equitation 

It is formulated as follows 
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Where }{


r  is the Relational Space of the System under consideration (see Appendix 

2), while )/(


nm  represents its corresponding Ordinality, which reaches its maximum 

when it equals }/{}2/2{
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 NN  (as indicated in Eq. (1.1)).  

In this respect, it is worth noting that: 

i) The underlined symbol stdd )/(


 explicitly indicates that the Generative Capacity of 

the System (more appropriately termed as Generativity), is “internal” to the same 

System, precisely because it is the one which gives origin to its Self-Organization as a 

Whole;  

ii) The symbol “ }0{
[ →

= ” represents a more general version of the simple figure “zero”, 

as the latter systematically appears in the traditional differential equations. In fact it 

now represents, at the same time: 

- the specific “origin and habitat” conditions associated to the considered Ordinal 

Differential Equation (1);  
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- while the symbol “
→

=
[

” indicates that the System, during its Generative Evolution, is 

persistently “adherent” to its “origin and habitat” conditions. 

The Second Fundamental Equitation 
It is formulated as follows 
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and it can be considered as representing a global Feed-Back Process of Ordinal 

Nature, which is internal to the same System. Equation (2), in fact, asserts that the 

Relational Space of the System }{


r , which “emerges” as a solution from the First 

Equation, interacts in the form of the Relational Product   (defined in Appendix 2) with 

its proper Generative Capacity }{)/( )2/2(
 

rtdd  In such a way as to originate a 

comprehensive Generative Capacity which, at any time, is always adherent to the 

origin and habitat conditions of the Second Fundamental Equation. 

The correlative Formal Language 

As previously shown, the MOP is formulated in terms of a new concept of derivative, 

that is, the “Incipient Derivative”, whose definition is recalled in Appendix 1. Its 

introduction is directly referable to the fact that Self-Organizing Systems always show 

an unexpected “excess” with respect to their phenomenological premises [29],[30],[31]. 

So that they usually say: “The Whole is much more than its parts”. 

Such an “excess” can be termed as Quality (with a capital Q) because it cannot be 

understood as being a simple “property” of a given phenomenon. This is because it is 

never reducible to its phenomenological premises in terms of traditional mental 

categories: efficient causality, logical necessity, functional relationships. 

Consequently, it cannot be described in terms of the traditional derivative that, at the 

level of formal language, represents the perfect reflex of such “a priori” mental 

categories [34]. 

This evidently suggests a radically new gnosiological perspective and, in adherence, 

the adoption of “new mental categories”: Emerging Causality, Generative Logic, 

Ordinal Relationships.  

These “new mental categories” can no longer be termed as “pre-suppositions”, 

because they are not defined “a priori” (as in the case of the Traditional Approach). In 

fact, they are adopted “a posteriori”, that is only on the basis of the “Emerging Quality” 

previously recognized. “Emerging Causality”, in fact, refers to the capacity of a Self-

Organizing System to manifest an “irreducible excess”; “Generative Logic” 

correspondently refers to the capacity of our mind to draw “emerging conclusions”. 

That is “conclusions” whose information content is much higher than the information 
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content corresponding to their logical premises, although they are persistently 

“adherent” to the latter. “Ordinal Relationships”, in turn, refer to particular relationships 

of genetic nature, like in the case of “brothers”. The latter in fact are termed as such 

not because of their “direct reciprocal relationships” (e.g. because they love each other, 

they respect each other, etc.), but because of their direct reference to the same genetic 

principle: their father (or their mother or both) [ib.].  

Such new mental categories, in turn, suggest the development of a completely new 

formal language, in order to formulate a Reference Principle, the Maximum Ordinality 

Principle, so that the description of Self-Organizing Systems might result as being 

faithfully conform to their “Emerging Quality”. 

This is why a new concept of derivative was introduced, whose definition, as already 

said, is given in Appendix 1. 

Description of the System analyzed 

As anticipated in the Introduction, the Ostensive Example adopted as a case study is 

a System made up of five almost adjacent European Countries (France, Italy, 

Germany, Spain, Austria). Consequently, in order to analyze the problem of energy 

scarcity, at least as a simple preliminary aspect, the most appropriate characteristics 

assumed as basic reference are shown in Tab. 1. 

Table 1 Basic Reference Characteristics (data from World Bank 2020) 

Progressive 

Number 

Nation Imported 

equiv. oil 

per person 

(ton) 

 

1 

Imported 

equiv. oil per 

person/ 

Occupational 

level (%) 

2 

GDP ($) per 

person 

/1000/ 

Occupational 

level (%) 

3 

Occupational 

level(%) 

 

 

  

4 

GDP($) per 

person 

 

 

  

5 

1 

2 

3 

4 

5 

France 

Italy 

Germany 

Spain 

Austria 

1.8 

2.0 

2.4 

2.5 

2.5 

2.53 

3.21 

3.03 

3.81 

3.35 

0.570 

0.533 

0.586 

0.452 

0.734 

71.0% 

62.3% 

79.2% 

65.5% 

75.0% 

40.494 

33.228 

46.445 

29.600 

55.050 

From the data of Tab. 1 it is possible to recognize that, in face of a progressive 

incidence of imported oil on behalf of the various Nations (column 1), Italy and Spain 

present a higher incidence of their imported energy on the respective occupational 

level (column 2). 
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At the same time, both Italy and Spain present a lower value of GDP (per person) with 

respect to that of the other Nations and, in particular, when GDP is referred to the 

national percentage of the occupational level (column 3). 

The first trend fundamentally depends on a more reduced occupational level in Italy 

and Spain (column 4), while the second mentioned trend principally depends on a more 

reduced value of the correlative GDP per person (column 5). 

Now, by assuming as reference the data shown in Tab. 1, we will develop a deeper 

analysis, essentially based on the first three Indicators. 

Such a choice is not simply due to the fact that the five Indicators are strictly related 

between them, but it is a choice mainly referable to the same Ordinal Perspective we 

are going to adopt in our analysis. In fact, with specific reference to a “Conscious” 

System, it is advisable to take three Indicators that could possibly (and adequately) 

represent the way of “Thinking, Decision Making, and Acting” on behalf of the same 

considered Conscious System [15]. Obviously, the three Indicators should be each 

time selected with specific reference to the field of analysis under consideration . 

Consequently, in the specific context of energy supply, Indicator 1 surely represents 

the reference Indicator to elaborate a general strategy to reduce the incidence of 

imported energy, especially in the cases of its higher levels. Indicator 2, in turn, may 

suggest the most appropriate decisions to reduce, above all, the correlative incidence 

of energy supply on the occupational level. Indicator 3 may finally suggest those 

specific operative actions that could actually improve its corresponding values, 

especially with reference to its lower values. 

Reconfiguration of the System in Ordinal Terms, so that it might 
become a real “Community” of Nations 

The Reconfiguration of the System was obtained by means a Simulator, termed as 

EQS (Emerging Quality Simulator), based on the explicit solution to the MOP (shown 

in Appendix 2), and thus it is not conceived as a traditional computer code that operates 

in functional terms, but on the basis of Ordinal Relationships between the various parts 

of the System. The specific Ordinal Reconfiguration of the System, modelled (as 

previously said) as a Self-Organizing System, was researched for in such a way as to 

keep substantially invariant both the minimum and maximum values of the three 

selected Indicators. This is because, at a preliminarily stage of the analysis, the 

Requalification of the System is contextually finalized to estimate the minimum costs 

and times of the same Ordinal Requalification Process. The Ordinal properties of the 

System, after such an Ordinal Reconfiguration, are shown in Tab. 3, from which is 

possible to recognize that the minimum and maximum values of the Indicators are 

substantially equal to the corresponding values shown in previous Tab. 2. 
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In this respect, it is worth explicitly pointing out that the Ordinal Reconfiguration 

represented in Tab. 3 was obtained through three intermediate passages: 

a) A preliminary representation of the System in terms of “couples” of Nations 

b) The research for the maximally similar Reconfiguration by means of the Simulator 

EQS, in terms of Ordinal “Duets”  

c) Finally, the disarticulation of the Ordinal “Duets” in order to obtain the 

Reconfiguration in terms of “single” Nations. 

This procedure simply reflects the fact that in an Ordinal context there are not, properly 

speaking, “single” parts of the System, because all its various parts are related to each 

other in Ordinal terms, and the corresponding minimum level of Ordinality is precisely 

that represented by Ordinal “Duets”. 

The Relevance of the Ordinal Requalification Process 

At this stage one could ask: why is it worth requalifying a System of Nations in Ordinal 

Terms? The answer is very simple: such an Ordinal Process, in fact, does not only 

increase the Resistance of the System against adverse events such as, for example, 

energy crises, as we will show as a preliminary aspect in the next paragraph. But it will 

also increase its correlative Resilience. In fact, the Ordinal Requalification Process also 

represents, in all cases, the Basic Reference Criterion for “Empowering Communities” 

in order to address all the other aspects that surely go “well beyond” energy scarcity, 

as we will see in the subsequent paragraphs.  

Without forgetting that, in addition, any considered System, by increasing its correlative 

Ordinality level, can adequately and progressively enhance its specific Role, both with 

respect to the Ordinal Relationships within itself and, even more, with respect to its 

surrounding Habitat. 

Table 2 Basic Reference Characteristics of the System (taken from Tab. 1) 

Progressive 

Number 

Nation Imported equiv. 

oil per person 

(ton) 

Imported equiv. 

oil per person/ 

Occupational 

level (%) 

GDP ($) per 

person /1000/ 

Occupational 

level (%) 

1 

2 

3 

4 

5 

France 

Italy 

Germany 

Spain 

Austria 

1.8 

2.0 

2.4 

2.5 

2.5 

2.53 

3.21 

3.03 

3.81 

3.35 

0.570 

0.533 

0.586 

0.452 

0.734 
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Table 3 Ordinal Requalification of the System after Disarticulations of “Duets” 

Progressive 

Number 

Nation Imported equiv. 

oil per person 

(ton) 

Imported equiv. 

oil per person/ 

Occupational 

level (%) 

GDP ($) per 

person /1000/ 

Occupational 

level (%) 

1 

2 

3 

4 

5 

France 

Italy 

Germany 

Spain 

Austria 

1.8 

2.0344 

2.1391 

2.2907 

2.5000 

2.53 

3.1509 

3.3803 

3.4197 

3.3500 

0.570 

0.6111 

0.6522 

0.6933 

0.7345 

 

Table 4 Ordinal Requalification of the System in operative terms 

Progressive 

Number 

Nation Imported equiv. 

oil per person 

(ton) 

Imported equiv. 

oil per person/ 

Occupational 

level (%) 

GDP ($) per 

person /1000/ 

Occupational 

level (%) 

1 

2 

3 

4 

5 

France 

Italy 

Germany 

Spain 

Austria 

1.8 

2.0 *(-) 

2.4 *(-) 

2.5 *(-) 

2.5 

2.53 

3.21 *(-) 

3.03 *(-) 

3.81 *(-) 

3.35 

0.570 

0.533 *(+) 

0.586 *(+) 

0.452 *(++) 

0.734 

 

Description of the considered energy crisis and its potential 
effects on the System of Nations 

The evaluation of the Resistance of the System was obtained by simulating by means 

of EQS, and in conformity to Eq. (2), the Ordinal Inter-Action between the System in 

its Requalified Ordinal Configuration and the Ordinal Configuration of the same System 

after the estimated effects due to a foreseeable energy crisis. 

In adherence to the MOP, the analysis was performed by modelling both the two 

configurations of the System in terms of “couples” of elements (or “Duets”) for the same 

reasons previously recalled. Consequently, the Reference Ordinal Structure of the 

System is now that one represented in Tab. 5, where the values of Duets are referred, 

by difference, to Nation 1. 
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As far as the energy crisis is concerned, this is thought as an energy scarcity, which 

may be due either to a reduction of fossil fuels production or to an increase of their 

prices (or both) and, as a work hypothesis, it was supposed characterized by an 

“incidence” of the order of 20% on the values of Indicator 1. 

The incidence on the values of the other two Indicators is strictly correlative to the 

Ordinal Reconfiguration of the System (shown in Tab. 5). Consequently, the 

corresponding effects on the System, simulated by means of EQS, and represented in 

Tab 6, in this case show an incidence of the order of 10% on the values of Indicator 2 

and an incidence of the order of 5% on the values of Indicator 3.  

More precisely, while the resulting “incidence” on the values of Indicator 1 is equal to 

20%, as precisely supposed by hypothesis, the correlative “incidence” on the values of 

Indicator 2 is equal to 9.75%, while the “incidence” on the values of Indicator 3 evenly 

ranges from 5.10% and to 5.16%. 

Formal Translation into EQS of the Inter-Action previously 
described 

The evolution of the process described by the two fundamental equations (1) and (2) 

of the MOP was represented by means of EQS through three distinct successive 

processes:  

a) The simulation of the Ordinal Reconfiguration of the System in its original integrity, 

as it appears in Tab. 5, that is considered in the absence of any external effects, and 

specifically structured in terms of “Duet” elements, as previously said;  

b) The simulation of the Inter-Action of the System with its Habitat conditions, 

represented by the hypothesized energy scarcity and its consequential reconfiguration, 

still in terms of “Duets”, as represented in Tab. 6;   

c) The simulation of the Ordinal Inter-Action between the configuration of the System 

under condition a) and the System under condition b). This is because such an Inter-

Action is precisely that which reflects the proper meaning of Eq. (2). 

In fact, the Inter-Action between the Initial System (in its original integrity) and the 

System after the effects of the considered energy scarcity, gives origin to a New 

Ordinal System, whose final configuration is represented in Tab. 7 

 

 

 

 

 



20th European Round Table on Sustainable Consumption and Production 
Graz, September 8 – 10, 2021 

Analysis of the results of the simulation of the previous Inter-
Action Processes 

The results in Tab. 7, which refer to the Final Configuration of the System as a 

consequence of the hypothesized energy crisis due to energy scarcity, show that such 

an Ordinal Exit is a clear manifestation of the recovery, on behalf of the System, of its 

Internal Stability, as explicitly foreseen by Eq. (2) of the MOP. 

Tab. 5 - Ordinal Requalification of the System considered as being made up of 4 couples of Nations 

 

l Bl Cl El ρ1j(t0) φ1j(t0) θ1j(t0) ρ̊ 1j(t0+Δt) φ̊  1j (t0+Δt) θ̊ 1j (t0+Δt) 

1 1 0 3,3416 0,2344 0,6209 0,0411 0 0 0 

2 1 0 6,2831 0,3391 0,8583 0,0822 0 0 0 

3 1 0 9,4247 0,4907 0,8897 0,1233 0 0 0 

4 1 0  12,5664 0,7100 0,8499 0,1645 0 0 0 

 
Captions: Bl, Cl, Dl are internal control parameters of the Simulator EQS 

ρ1j(t0), φ1j(t0), θ1j(t0) represent the actual Relational Space {now represented by Indicators 1, 2, 3} pertaining to each Duet at the initial time 
ρ̊ 1j(t0+Δt), φ̊ 1j (t0+Δt), θ̊ 1j (t0+Δt) are their corresponding Incipient Derivatives 

 

 

Tab. 6 - Ordinal Requalification of the System as a consequence of the hypothesized energy scarcity 
 

l Bl Cl El ρ1j(t0) φ1j(t0) θ1j(t0) ρ̊ 1j(t0+Δt) φ̊  1j (t0+Δt) θ̊ 1j (t0+Δt) 

1 1 0 3,1416 0,1875 0,5604 0,0390 0 0 0 

2 1 0 6,2831 0,2713 0,7746 0,0781 0 0 0 

3 1 0 9,4247 0,3926 0,8030 0,1172 0 0 0 

4 1 0  12,5664 0,5680 0,7399 0,1562 0 0 0 

 
Captions: Bl, Cl, Dl are internal control parameters of the Simulator EQS 

ρ1j(t0), φ1j(t0), θ1j(t0) represent the actual Relational Space {now represented by Indicators 1, 2, 3} pertaining to each Duet at the initial time 
ρ̊ 1j(t0+Δt), φ̊ 1j (t0+Δt), θ̊ 1j (t0+Δt) are their corresponding Incipient Derivatives 

 
 

Tab. 7 - Final Reconfiguration of the System and correlative “mitigation” of the energy scarcity effects  
 

l Bl Cl El ρ1j(t0) φ1j(t0) θ1j(t0) ρ ̊1j(t0+Δt) φ̊  1j (t0+Δt) θ̊ 1j (t0+Δt) 

1 1 0 3,1416 0,2109 0,5919 0,0400 0 0 0 

2 1 0 6,2831 0,3052 0,8182 0,0801 0 0 0 

3 1 0 9,4247 0,4416 0,8482 0,1202 0 0 0 

4 1 0 1,3490 0,6390 0,7816 0,1603 0 0 0 

 
Captions: Bl, Cl, Dl are internal control parameters of the Simulator EQS 

ρ1j(t0), φ1j(t0), θ1j(t0) represent the actual Relational Space {represented by Indicators 1, 2, 3} pertaining to each Duet at the initial time  
ρ̊ 1j(t0+Δt), φ̊ 1j (t0+Δt), θ̊ 1j (t0+Δt) are their corresponding Incipient Derivatives 
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In fact, it is easy to recognize the corresponding reduction and mitigation of the effects 

due to the reduction of imported energy, with reference to all the values of the three 

Indicators, both with respect to their maximum and minimum values.  

For the sake of brevity, but also for clarity, the corresponding “mitigations” of the effects 

are reproduced here below in the form of percentage changes:  

Maximum Value of Indicator 1:         the incidence of     -20.00 %    becomes   -10.0 % 

       of Indicator 2:         the incidence of     - 9.75%       becomes  - 4.67 % 

       of Indicator 2:         the incidence of     - 5.16 %      becomes  - 2.18 % 

 

Minimum Value of Indicator 1:          the incidence of     -20.0%      becomes  - 10.10 % 

      of Indicator 2:           the incidence of     - 9.74 %   becomes   -  4.67 % 

      of Indicator 3:         the incidence of     - 5.10 %    becomes   -  2.67 % 

It is also evident that an organic picture of the results can easily be obtained through a 

more articulated comparison between the values in Tabs 6 and 7, respectively. 

Nonetheless, the previous results unable us to surely affirm that the System manifests 

a higher Resistance with respect to the corresponding conditions characterized by a 

total absence of an Ordinal Requalification. 

At the same time, it is also possible to recognize a correlative increase of its Resilience. 

In fact, in the presence of a prior Ordinal Requalification, the System, after having 

mitigated the effects of the energy scarcity, still keeps an Ordinality level sufficiently 

high to adequately and progressively reacquire its specific Role, both in terms of 

Ordinal Relationships within itself and, even more, with respect to its Ordinal 

Relationships with its surrounding Habitat. As we will see in the next paragraphs. 

Conclusions with specific reference to the considered aspect of 
energy scarcity previously analyzed 

The conclusions of the previous analysis can be synthesized as follows: 

- In view of a possible energy scarcity (or, more in general, energy crises), any System 

of Nations should provide, in advance, to improve its Ordinal Requalification, 

appropriately commensurate to the “foreseeable” energy crises pertaining to its 

specific case;  

- This is because, from such an Ordinal Requalification, it will result a “Rebound” of its 

“Resistance” and at the same time, of its correlative level of “Resilience”. This evidently 

becomes even truer, for example, in the case of the European Community (made up 

of 27 Nations) and, even more, in the case of USA (made up of 50 States), with 

particular reference to their relevant specific Role in the World. 
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In these cases, in fact, there is a progressive increase of the corresponding Ordinality 

of the Systems, because associated to the increasing number of their States, as clearly 

shown by Eq. (1.1), which is formulated, of course, in Ordinal Terms. 

Strategic Methodology based on the MOP for analyzing some 
specific cases that go well beyond energy scarcity 

After having preliminarily shown the increase of Resistance and Resilience adverse 

energy scarcity, and the correlative increase of consciousness of the “Empowering 

Community” involved, since the latter aspect is directly related to its corresponding 

increase of Ordinality, now we will present the most appropriate modalities to take 

strategic decisions in cases that go well beyond energy scarcity. We will then start by 

considering the aspects concerning both energy saving and the research for new 

energy sources. 

Energy saving and renewable energy sources. The Smart Grids 

The two aspects mentioned in the title represent, in a certain sense, two sides of the 

same coin. 

In fact, in accordance with the previous analysis, energy saving should not be realized 

unilaterally by each single Nation. This is because, in the contest of Self-Organizing 

System, once Requalified in Ordinal Terms, the amount of energy saving 

corresponding to each Nation should always be in conformity to those of all the other 

Nations, that is, according to the Harmony Relationships (2.5) shown in Appendix 2. 

Consequently, the “actions” of the various Nations should be coordinated between 

them, because always referable to a unique and sole Self-Organizing System. In 

particular, because of the correlative benefits to its GDP, but also for the associated 

benefits due to the reduced “vulnerability” of the System to energy scarcity. 

The same concept is equally valid inside the territory of each single Nation. This is 

because within any single Nation it is possible to re-propose the same analysis 

previously shown in the case of five Nations. In this particular case, the analysis should 

be performed with reference to the various Regions (or Federal States) pertaining to 

each Nation (18 Regions for France, 20 for Italy, 16 for Germany, 17 for Spain, 9 for 

Austria). Consequently, also in this case the energy saving corresponding to each 

Region (inside the same Nation), should always be in adherence to those of all the 

other Regions (of the same Nation), according to the previously recalled Harmony 

Relationships. 

Smart Grids 

An analogous concept is equivalently valid even when the energy saving is obtained 

by means of the recourse to Smart Grids. In fact, said in more explicit terms, the same 

diffusion of the Smart Grids should be uniform between the various Nations and, 
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contextually, among their pertinent Regions, always for the respect of the above 

mentioned Harmony Relationships and the correlative reduction of the “vulnerability” 

to energy scarcity. 

However, one could ask: how is it possible to realize a wide diffusion of Smart Grids, 

given their well-known intrinsic instability and consequential frequent blackouts? 

The answer, once again, can be found on the basis of the MOP. In fact, the problem 

can easily be solved by modelling a Smart Grid in the light of the M.O.P. [20]. This is 

because, as pointed out by P. Anderson (Nobel Prize in Physics 1977): “A complex 

aggregate of electrons shows properties that are not reducible to their sum” [1]. In other 

words, “a complex aggregate of electrons”, although “forced” by some generators into 

electrical circuits, always tends to behave as a “Self-Organizing System”.  

Consequently, the distribution of the N Generators (and their related connections) 

should not be designed in functional terms. On the contrary, they should topologically 

be distributed in such way as the Voltage ( iV


), Current ( iI


) and Phase ( i



 ) of each 

generator satisfy, at any time t, the Harmony Relationships pertaining to the Smart Grid 

under consideration, according to Eq. (2.5) in Appendix 2 

                              tj

N
tjjj IVIV },,{®)}1{(},,{ 121212

1
1,11,11,1


−



+



+



+



=       1,......3,1 −= Nj             (4) 

where the index “12” refers to an arbitrary couple of generators assumed as reference, 

while )1(
1−


N

 represents the N-1 Ordinal Roots of Ordinal Unity (


1 ). 

In this way the Smart Grid will result, in actual fact, as being intrinsically stable, 

because the specific “weight” of its internal cardinalities (always understood as a 

Whole) will result as being much higher than the quantitative contributions (in number 

and intensity) of the most frequent disturbances and, especially, in the case of 

unforeseeable cyber attacks.  

At the same time, this example also suggests a possible “transposition” to a higher 

level of analysis: the Economics Stability of a System of Nations.  

Economics Stability of a System of Nations and their 
increasing consciousness as being a real Community 

 

The research for equilibrium conditions in a free-market economy, generally in a 

progressive development, but also in the case of potential crises, can be obtained once 

again by means of a specific strategy based on the MOP, because in such a case the 

latter allows us to solve the famous The three-good two factor Problem of Neo-

Classical Economics. The latter in fact, in spite of its wide theoretical diffusion, is 



20th European Round Table on Sustainable Consumption and Production 
Graz, September 8 – 10, 2021 

characterized, from its same origin (at the beginning of the XX century) by such an 

unsolvable problem, which has never been solved up to now ([27], pp. 247-252).                 

This Problem, as its same “title” clearly states, consists in the fact that, given three 

goods, in a free market economy, characterized by two productive factors (Kapital and 

Labour), such three goods do not reach an equilibrium condition. 

This result clearly shows that a free market economy cannot be considered as being a 

simple “mechanism”.  

A free market, in fact, as shown in [20], is characterized by “Initiative”, “Inventiveness” 

(understood as a “continuous development of new products”), without considering that 

any transaction always generates “Extra” Benefits of Ordinal Nature [11], which are 

irreducible to a traditional description in terms of causality, necessity, functionality.  

All these conditions suggest that a free market between Nations can be more 

appropriately modelled as a “Self-Organizing System”. In fact, when “The three-good 

two factor Problem” is interpreted in the light of the MOP, the Problem can be solved 

for an arbitrary number of goods ( gN
), in the presence of Three Productive Factors: 

Capital (K), Labour (L) and Natural Resources (N) [14],[20]. 

In particular, in the case of a System of Nations, the number of goods ( gN
) is precisely 

represented by the number of Economies of the considered Nations, while Capital (K) 

stands for GDP, Labour (L) for occupied workers, while Natural Resources (N) refer to 

both internal and external resources pertaining to each considered Nation.   

As widely shown in [20], the corresponding “Emerging Solution” is given by the 

following Harmony Relationships (ib.) 

                       },,{®)}1{(},,{ 121212
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
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(5), 
where the index “12”, represents an arbitrary couple of Nations assumed as a 

reference, while the term j

N
)}1{(

1−


 represents the 1−gN  Ordinal Roots of Ordinal Unity 

}1{


 (see also Appendix 2). 

On the basis of such a result, a System of Nations that adopts an Economics Policy in 

conformity to the previous strategic solution, will surely increase its sense of 

consciousness of being a real Community. This is particularly important not only for 

the System of five Nations previously considered, but even more, for example, in the 

case of the European “Community”, made up of 27 States (or Nations). 
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Increase of Ordinality and Consciousness of a 
“Community” both in its Internal and External 
Relationships  

The examples previous considered also suggest an even higher level of analysis for 

strategic decisions, always based on the MOP, with particular reference to the 

surrounding Habitat. 

In fact, the verbal enunciation of the MOP asserts that: 

  

 “Every System tends to maximize its Ordinality, including that of its surrounding 

habitat”. 

 

This means that, if for example the European Community has reached its maximum 

level of Ordinality, characterized by its corresponding internal Stability, and 

consequently it has reached a much deeper consciousness of being an effective 

Community, all these aspects can have a direct reflex on the improvement of its Ordinal 

Relationships. Both internal to the single Nations and between them. In addition, a 

further improved level of Relationships can manifest when such Communities will 

establish New Ordinal Relationships with other countries.  

For example, let us consider the European Community. It may further increase its 

already reached level of Ordinality because it can surely play, always on the basis of 

the MOP, a particular “leading role” with respect to those Nations that, for example, 

would like to become part of the same European Community and which, at present, 

represent only its Habitat. 

Something similar, or even more significantly, can be asserted with reference to United 

States of America (made up of 50 States), especially for their extremely important role 

and their relevant “influence” at Mundial Level. 

The abovementioned aspects also suggest, on the other hand, that any considered 

Ordinal System of Nations could also play a decisive role in the respect of the 

Environment, by assuming strategic decisions always in the light of the MOP. 

 

Environment. Climate change forecasts. The Sea Level 
Rise over the Period 1900-2000 

In this case, the “Empowering Communities” may manifest their increase of 

consciousness and their particular role with reference to the Environment, only in the 

respect, however, of the following conditions: 
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a) The “prior condition” is that they have reached a sufficiently high level of Ordinality 

as Self-Organizing Systems, by adopting as a Reference “Guide” the Maximum 

Ordinality Principle; 

b) Afterwards, they know very well the Environmental Phenomenology pertaining to 

the aspects of specific interest; 

c) This means that they are able to recognize the “Emerging Quality” of the processes 

they are going to deal with; 

d) And, as a fundamental aspect, they are systematically oriented at the research for 

a possible Syntony with such an “Emerging Quality”;   

e) Finally, even in the case of potential adverse events, they can mitigate the 

associated undesired “effects”, always in adherence to the MOP. 

In order to illustrate the importance of the previous conditions, let us consider, as an 

ostensive example, the Sea Level Rise over the Period 1900-2000, as described in 

[22], [33]. 

It is evident that such a process is difficult to contrast if its “origin” is not deeply known.  

At a first glance, in fact, the process seems to be inexplicable, because the correlative 

“causes” are still unknown [26]. 

However, as clearly shown in [20], this is simply due to the fact that the specific 

“causes” are systematically researched for in terms of efficient causality, logical 

necessity, functional relationships, that is they are researched for as the various 

processes involved were pure “mechanisms” (as illustrated at par. 2.1). 

In reality the process of Sea Level Rise can be analyzed in the light of the M.O.P. by 

means of its associated Ordinal Simulator EQS (ib.), which faithfully represents the 

various Harmony Relationships between all the different physical Systems involved in 

the process (sea, ice, hearth, sun, etc.). Such Inter-Actions in fact, because of their 

Ordinal Nature, are precisely those that represent the real “generative cause” of that 

registered “unexpected” trend. Which, according to such an interpretation, is nothing 

but an “Emerging Exit” of a unique “Self-Organizing System”. 

Consequently, “Empowering Communities” should correspondently modify their way 

of “Thinking, Decision Making, and Acting” so as to research for the maximum Syntony 

(and possibly Harmony) with the “Emerging Quality” shown by the considered 

Processes, so as to minimize both present and future effects with respect to the 

Environment [13]. 

Conclusions 

We have shown how various forms of Communities, although substantially different 

among them for their Ordinality Level, may progressively become more intensive 
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“Empowering Communities” by adopting as reference criterion the Maximum Ordinality 

Principle (MOP).  

This is because its adoption, on behalf of a given Community, generates an increasing 

sense of Community and a higher level of correlative responsibility, as it has been 

preliminarily shown with reference to adverse conditions associated to energy scarcity. 

However, the same process becomes even more intensive when the MOP is adopted 

to deal with aspects that go well beyond energy scarcity.  

In such a perspective, we have preliminarily assumed as Reference “Community” that 

one made up of five European Countries (France, Italy, Germany, Spain, Austria) 

which were modelled as a unique and sole Self-Organizing System, so that it could be 

considered as being as a real Community. In this way, after having preliminarily shown 

the increase of Resistance and Resilience of such an Ordinal Community adverse 

energy scarcity, immediately after we showed the most appropriate modalities for the 

same Ordinal Community to research for new energy sources.  

As a further and more significant contribution, we also showed how the considered 

Countries can even increase their consciousness of being a real Community, 

especially with reference to their Ordinal Relationships with all the other surrounding 

Countries, in particular, in the case of European Community and the United States of 

America. 

In such a general context, we have also shown how such progressively “Empowering 

Communities” can also improve their Ordinal Relationships with the Environment.  

All these aspects, in fact, can always be realized on the basis of the Maximum 

Ordinality Principle, when the latter is adopted on behalf of any Conscious System in 

all the various cases of interest, as a preferential “Guide” for its way of “Thinking, 

Decision Making, and Acting”[15].   

In this way any Community, understood as Self-Organizing Conscious System, can 

progressively maximize its proper Ordinality, so as to reach the maximum Syntony 

(and possibly Harmony) with the “emerging Quality” which is specific of any 

surrounding Habitat, included the same Environment. 

In particular, this becomes possible because the MOP precisely represents a valid 

Reference Principle for analyzing both “non-living”, “living” and “conscious” Self-

Organizing Systems [16]. 
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Appendix 1. Definition of the “Incipient Derivative”  
The Incipient Derivative is defined as follows  
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A definition which clearly shows that the “Incipient Derivative” is not an “operator”, like 
the derivative )/( dtd in the Traditional Differential Calculus (TDC), but it could be 

termed as a “generator”, because it describes a Process in its same act of being born  
[3],[7]. In fact:   
i) The sequence of the symbols is now interpreted according to the direct priority of the 
order of the three elements that constitute its definition (that is from left to right). This 
is why they acquire a completely different meaning with respect to the traditional one; 
ii) The three symbols, in fact, do not represent “three” distinct operations, but a unique 
and sole Generative Process; 

iii) The symbol


Lim , whose etymological origin comes from the Latin word “Limen” 

(which means a “threshold”), represents the “threshold” of that “ideal window” from 
which we observe and describe the considered phenomenon;   

iv) The symbol +


→ 00:t  now indicates not only the initial time of our registration, but 

also the proper “origin” (in its etymological sense) of something new which we observe 
(and describe) in its proper act of being born; 

v) It is then evident that the “operator” 


  now registers the variation of the observed 

property ( )tf , not only in terms of quantity, but also, and especially, in terms of Quality 

(as the symbol “tilde” would expressly remind). Thus the ratio which appears in Eq. (3) 
indicates not only a quantitative variation in time, but both the variation in Quality and 
quantity; 

vi) Consequently, when we take the incipient (or “prior”) derivative of Ordinality 


q  of 

any ( )tf , the exit of such a process will keep “memory” of its genetic origin because, 

besides its quantity, it will result as being structured according the indication of such 
an exponent. The latter in fact is properly termed as Ordinality, because it precisely 
expresses how each part of the output is genetically Ordered to the Whole and, at the 
same time, how each part is related to all the others in terms of Ordinal Relationships 
(as shown by Eqs. (A1) and (A5) in Appendix 2);  
vii) In this way the “incipient” derivative represents the Generativity of the considered 
Process, that is the output “excess” (per unit time) characterized by both its Ordinality 
and its related cardinality, while the sequence of the symbols in its definition (Eq. (3)) 
can be interpreted as representing a unique inter-action process between the same;    
viii) The above-mentioned reasons clearly show why the “incipient” derivative is able 
to unify (and, at the same time, to specify) the description of the various Self-
Organizing Processes, when explicitly understood in terms of Quality; 
ix) This also means that the Incipient Derivative has an exit that is generally different 
from the result of the corresponding derivative in TDC, even when its Ordinality is 
reduced to a mere cardinality. For example, the derivative of order n of the function 

)(te (evaluated according to Faà di Bruno’s formula) and the corresponding incipient 

derivative, give   
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respectively, where )(t


 represents the first order incipient derivative. And even if in 

some cases they coincide (for instance when )(t  is linear) such a coincidence has to 

be seen in the light of the symbol 
*

=  in Eq. (1.3), which reminds us that any incipient 
derivative is always the exit of a of a generative logical process and not of a necessary 
logical process.  
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Appendix 2. General Explicit Solution to the two Fundamental 
Equations of the MOP, understood as a Whole [19] 

As an introduction, it is worth mentioning that precisely such a solution was the one 
that enabled us to solve the famous “The three-good two factor Problem” of Neo-
Classical Economics, previously mentioned at par. 9.  
Consequently, such a solution also enabled us to analyze the System of five Nations 
(par. 3 on) as a Self-Organizing System in the light of the MOP.                
The first Fundamental Equation of the MOP (Eq. (1)), in fact, precisely because 
formulated in terms of Incipient Derivatives, always presents an explicit solution, which 
can always be written in the general form 
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where the Relational Space )}({}{ ter


=


 depends on the Nature of the System analyzed, 

while the corresponding structure of each term of the Ordinal Matrix depends on the 

Specific Generativity stdd )/(


.  

For example, if the Relational Space of the System is represented by ,{


 ,


 }


 , that is 

three topological coordinates always considered as the exit of a Generative Process, 
we can assume  
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This is because, on the basis of a generalized form of De Moivre representation, it is 
always possible to write  
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where the traditional versors
→

i ,
→

j ,
→

k  are now replaced by three unit spinors ,


i ,


j


k , 

which are defined in such a way as to satisfy the following Relational Product Rules: 
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where the symbols   and ® express more intimate relationships between the same: 

both in terms of sum ( ) and in terms of (relational) product (®) with respect to the 

case of traditional versors 
→

i ,
→

j ,
→

k . 

So that representation (A3) is similar (albeit not strictly equivalent) to a system of three 

complex numbers, characterized by one real unit )(


i  and two imaginary units (


j and 


k ). 
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Equation (A1) thus describes the Generative Evolution of the System as the exit of 
an Ordinal Cooperation of N Co-Productions (vertical brackets) and their associated 
N Inter-Actions (horizontal brackets). At the same time, when the Process has 

reached its Maximum Ordinality, each term )(tij



  of the Ordinal Matrix, as a 

consequence of such a Maximization Process, will transform into a binary-duet 

Relationship, represented as }2/2{)}({


tij . 
At the same time, the adoption of the brackets “{}” in Eq. (A1) is explicitly finalized to 

remind us that the Ordinal Matrix represents the Ordinal Structure of the System 
understood as a Whole. 
In fact, all the elements of the Ordinal Matrix (in Eq. (A1)) satisfy the following “Ordinal 
Relationships”  
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where the additional terms })}({ }2/2{

,
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tji  explicitly account for the associated habitat 

conditions.  
Eqs. (A5) can also be termed as “Harmony Relationships” precisely because they 
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Consequently, if each element of the Ordinal Matrix (in Eq. (A1)) is expressed in terms 

of the reference couple })}({)}({ }2/2{
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 tt  , the solution to the first Fundamental 

Equation (1) assumes the form 
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(2.6)    where, for the sake of simplicity, the term )}()({ 1212 tt
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The same Ordinal Matrix, in addition, may always be represented in a more synthetic 
form by means of one sole symbol, by adopting the following synthetic notation  
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where the arrow “↑” explicitly reminds us that the Ordinality }/{


NN  has always to be 

considered as being a particular form of Over-Ordinality. 
In this way the explicit solution to the first Fundamental Eq. (1) can synthetically be 
expressed as follows 
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Consequently, if such a solution is introduced into the Global Feed-Back Process 
represented by the second Fundamental Equation (2), the latter transforms into a 
typical Riccati’s Equation of Ordinal Nature, whose explicit solution is given by 
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and                                
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(2.11),      

in which the term }),{ln( 21 tcc


  accounts for the origin and habitat conditions of the 

Feed-Back Equation and, at the same time, also represents an Over-Ordinality 
contribution specifically due to the same Feed-Back Process.  
Equation (A9) then represents the Explicit “Emerging Solution” to the Maximum 
Ordinality Principle, formulated in two “Incipient” Differential Equations ((1) and (2)), 
considered as being a Whole.  
 

References 
Anderson P. W, 1972. More Is Different. Science, New Series, Vol. 177, No. 4047, pp.  

393-396. 

Boltzmann L., 1886. Der zweite Haupsatz der mechanishen warme Theorie. Almanach 

der K. Acad. Wiss Mechanishe, Wien 36:225-299, 1905 (printing of a lecture given by 

Boltzmann in 1886). 

Giannantoni C., 2001a. The Problem of the Initial Conditions and Their Physical 

Meaning in Linear Differential Equations of Fractional Order. Applied Mathematics and 

Computation 141 (2003) 87-102.  

Giannantoni C., 2001b. Mathematical Formulation of the Maximum Em-Power 

Principle. 2nd Biennial International Emergy Conference. Gainesville, Florida, USA, 

September 20-22, 2001, pp. 15-33. 

Giannantoni C., 2002. The Maximum Em-Power Principle as the basis for 

Thermodynamics of Quality. Ed. S.G.E., Padua, ISBN 88-86281-76-5. 

Giannantoni C., 2004a. Differential Bases of Emergy Algebra. 3rd Emergy Evaluation 

and Research Conference, Gainesville, Florida, USA, January 29-31, 2004.  



20th European Round Table on Sustainable Consumption and Production 
Graz, September 8 – 10, 2021 

Giannantoni C., 2004b. Mathematics for Generative Processes: Living and Non-Living 

Systems. 11th International Congress on Computational and Applied Mathematics, 

Leuven, July 26-30, 2004. Applied Mathematics and Computation 189 (2006) 324-340. 

Giannantoni C., 2006. Emergy Analysis as the First Ordinal Theory of Complex 

Systems. Proceedings of the Fourth Emergy Conference 2006. Gainesville, Florida, 

USA, January 17-22, pp. 15.1-15.14. 

Giannantoni C., 2008a. From Transformity to Ordinality, or better: from Generative 

Transformity to Ordinal Generativity. Proceedings of the 5th Emergy Conference. 

Gainesville, Florida, USA, January 31-February 2, 2008. 

Giannantoni C., 2009. Ordinal Benefits vs Economic Benefits as a Reference Guide 

for Policy Decision Making. The Case of Hydrogen Technologies. Energy n. 34 (2009), 

pp. 2230–2239. 

Giannantoni C. and Zoli M., 2009. The Derivative “Drift” in Complex Systems 

Dynamics. The Case of Climate Change and Global Warming. 22nd ECOS 

International Conference, Foz do Iguassu, Brazil, August 31-September 3, 2009.  

Giannantoni C., 2010. The Maximum Ordinality Principle. A Harmonious Dissonance. 

Proceedings of the 6th Emergy Conference. Gainesville, USA, January 14-16, 2010. 

Giannantoni C. & Zoli M., 2010. The Four-Sector Diagram of Benefits (FSDOB) as a 

method for evaluating strategic interactions between humans and the environment. 

The case study of hydrogen fuel cell buses. Ecological Economics 69 (2010) 486–494. 

Giannantoni C., 2011. Oeco-Nomics in the Light of the Maximum Ordinality Principle. 

The N-Good Three-Factor Problem. 3rd Int. Workshop Advances in Cleaner 

Production. Sao Paulo (BR), May 12-15, 2011. 

Giannantoni C., 2012. The Relevance of Emerging Solutions for Thinking, Decision 

Making and Acting. The case of Smart Grids. Proceedings of the 7th Emergy 

Conference. Gainesville, USA, January 12-14, 2012. Also published by Ecological 

Modelling 271 (2014) 62-71. 

Giannantoni C., 2014. Toward One Sole Reference Principle Generating “Emerging 

Solutions” of progressively ascending Ordinality. Proceedings of the 8th Biennial 

Emergy Research Conference. University of Florida, Gainesville (USA), January 16- 

18, 2014. www.ordinality.org. 

Giannantoni C., 2016. The “Emerging Quality” of Self-Organizing Systems, when 

modeled according to the Maximum Ordinality Principle, offers a Radically New 

Perspective to Modern Science. Proceedings of the 8th Biennial Emergy Research 

Conference. University of Florida, Gainesville (USA), January 6 - 7, 2016. 

www.ordinality.org 

http://www.ordinality.org/
http://www.ordinality.org/


20th European Round Table on Sustainable Consumption and Production 
Graz, September 8 – 10, 2021 

Giannantoni C., 2017. “L’Eccedenza della Qualità e il Principio di Massima Ordinalità”, website 

www.ordinality.it.  

Giannantoni C., 2018. Self-Organizing Systems, when modeled according to the 

Maximum Ordinality Principle, always present explicit formal solutions, in their Proper 

Time and Proper Space. Proceedings of the 10th Biennial Emergy Conference. 

University of Florida, Gainesville (USA), January 25-27, 2018. 

Giannantoni C., 2019. “Energy, Economy, Environment, Well-being”. The Role of 

Formal Languages for Finding and Implementing Solutions. Journal of Environmental 

Accounting and Management 7(2) (2019) 139-153. 

Giannantoni C., 2020. The Evolution of the Universe as a Self-Organizing System in 

the light of the Maximum Ordinality Principle, in the absence of “dark energy” and “dark 

matter”. Proceedings of the 11th Biennial Emergy Research Conference. University of 

Florida, Gainesville (USA), April 23-25, 2020. 

IPCC, 2007. Climate Change 2007; The Physical Science Basis. Contribution of Working Group 

I to the Fourth Assessment Report, 2007-02-05; http://www.ipcc.ch/ipccreports/index.htm 

Lotka A. J., 1922a. Contribution to the Energetics of Evolution. Proceedings of the 

National Academy of Sciences, 8 (1922), 147-150. 

Lotka A. J., 1922b. Natural Selection as a Physical Principle. Proceedings of the 

National Academy of Sciences, 8 (1922), 151-155. 

Lotka A. J., 1945. The Law of Evolution as a Maximal Principle. Human Biology, a 

record of research. Vol. 17, n. 3, September. 

Meier F. M. and Wahr M. J., 2002. Sea level is rising: Do we know why? Proceedings of 

National Academy of Science, May 14, 2002 vol. 99 no. 10 6524-6526; http://www.pnas.org. 

Mirowski P., 2000. More Heat than Light. Cambridge University Press. 

Munk W., 2002. PNAS May 14, 2002. 99 (10) 6550-6555; 

https://doi.org/10.1073/pnas.092704599 . Ed. Goddard Institute for Space Studies, New 

York. 

Odum H. T., 1994a. Ecological and General Systems. An Introduction to Systems 

Ecology. Re. Edition. University Press Colorado. 

Odum H. T., 1994b. Environmental Accounting. Environ. Engineering Sciences. Univ. 

of Florida. 

Odum H. T., 1994c. Self-Organization and Maximum Power. Environ. Engineering 

Sciences. University of Florida. 

Poincaré H., 1952. Science and Hypothesis. Dover, New York. 

http://www.ipcc.ch/ipccreports/index.htm
http://www.pnas.org/search?author1=Mark+F.+Meier&sortspec=date&submit=Submit
http://www.pnas.org/
https://doi.org/10.1073/pnas.092704599


20th European Round Table on Sustainable Consumption and Production 
Graz, September 8 – 10, 2021 

WMO, 2013. Communication of World Meteorological Organization of United Nations 

(November 13, 2013). 

www.ordinality.org: author’s website that presents a general framework about the 

M.O.P, from the Mathematical Formulation of the Maximum Em-Power Principle up to 

the Mathematical Formulation of the M.O.P., together with some Ostensive Examples 

mentioned in this paper.  

http://www.ordinality.org/

