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Abstract. An analogy is drawn between complex energy technologies and 
the evolution of biological structures. The subject is a general property of 

the variety of biological and ecological systems providing their existence 
and development in the conditions of critical changes of the external 
environment. The mechanisms of realization of this variety are formulated 
as principles: the multilevelness of both the structure and functioning of 
these systems; variety and division of functions, modularity of their 
components. At the pre-biological stage of the emergence of life as a 
phenomenon, these principles did not allow the overwhelming domination 
of any unique type of macromolecules and provided their joint, yet 
competing development. At the level of populations, the evolution can 

originate only if the speed of their internal accumulation of genetic variety 
surpasses the speed of a stream of events in the changing environmental 
conditions. In ecological systems, the stability of evolutionary processes is 
provided due to the internal formation of the multilevel hierarchical 
structure, which is combined with the variety of individual adaptive 
functions of different types at each level of an ecosystem. The concept of 
multialternativity offered as a way of understanding the mechanisms of 
evolution and adaptation in living organisms gives the opportunity of 

purposeful reproducing these mechanisms in the control systems of 
complex energy objects and increasing the stability of their functioning.  

1 Introduction 

Process of evolution of live organisms in the conditions of critical changes of the 

external environment must lead to the formation at biologically different systems having 
the uniform structural concept providing a steady existence and development of these 

systems [1-3]. Understanding of the steady evolutional mechanisms is necessary for the 

correct idea of the prospects for creating sustainable energy technologies [4]. As the 

uniform concept uniting the abovementioned mechanisms the evolutionary concept of 

multialternativity is proposed including the principles [5-7]: 

• Multilevelness; 

• Modularity; 

• Variety and division of functions. 
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The examples given below explain the realization of these principles in various 

biological structures. 

2 Methods and mechanisms of adaptation in complex structures  

2.1 Principle of a multilevelness  

Classical sample of the multilevel organization of adaptive mechanisms in biological 

systems is the process of homeostasis which is carried out by means of a control system 
with two or more levels of hierarchy. Some of them support the preset stable condition of 

an organism during minor changes in the condition of an object, whereas the others reacts 

to the critical deviations of this state only.  

In Fig. 1 the schematic representation of such two-level control is shown:  

• The parametrical level of control stabilizing only the preset condition of a system at 

noncritical deviations of its parameters; 

• The structural level launching the mechanisms of essential reorganization of a system 

which have qualitatively new character, in particular, it can be faltering, stepped, generating 
the alternative control structures. 

      

Fig. 1. Representation of multilevel control mechanism: a) parametrical level; b) structural level – 
transition from structure S1 to structure S2. 

A particular example of homeostasis is the multilevel control system to regulate sugar 

content in human blood is presented schematically in Fig. 2. 

The principle of a multilevelness or hierarchy is the integral condition of stability of any 

complex ecological system, forming a trophic chain of the circulation of substance and 

energy. 
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2.2 Principle of modularity   

The essence of the modularity principle presumes that the formation of any new structure 

occurs on the basis of a new combination of already existing simple elements- the modules. 

As a result of such unification of the “construction elements" the possibility of an unlimited 

high-quality improvement of complex systems appears on the basis of elementary, 
invariable and the simplest components.  

 
Fig. 2. Example of multilevel regulation of sugar in human blood (normal content is 0.8-1.2 g/l). 

Biological illustration of the principle of a modularity is a creation of the existing 

variety of proteins on the basis of combinations of only 20 main amino acids, each of them 

is defined in a genetic code by the sequence of the triplets containing, in turn, only four 

nucleotides of A,G,T,C (Fig. 3). 

 

Fig. 3. The principle of a modularity in the DNA creation.  
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2.3 Principle of variety and division of functions  

The main condition of the existence and evolution of biological systems in the conditions of 

external environment influence is a sufficient and moreover, the excessive variety of its 
taxons [8]. It’s due to them in the situations when the changes of the habitat become 

adverse for the existence of any element of a system, its place is taken by one or several 

other biological groups capable to restore the broken balance in said system.  

A measure of a variety in one taxon may be the information entropy H according to 

Shannon [9]: 
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where:  n – the quantity of elements in a taxon;  N – power of  the i element.  

If the competition and natural selection lead to the reduction of an intraspecific variety, 

this reduction are followed simultaneously with compensation growth of a variety of 

genera, i.e. a variety of higher hierarchical level of  a biosystem. 

The important adaptive mechanism of separate system levels is the mechanism of 

specialization and division of functions providing a stable existence of a taxon in various 

conditions [10].  

The biological examples  of an emergence of such specialization are, e.g., the 

origination of the early maturity and late maturity forms of plants of the same species 

blossoming in different seasons up to the formation of spring and winter forms; the division 

of functions between the wing pairs of beetles: forward rigid wing sheaths give strength, 
durability and compactness to a beetle body, expedient enough for movement in water, soil 

or wood, and soft rear wings providing the ability to flight (Fig. 4).  

 
Fig. 4. Examples of the division of functions in various species, Source: https://www.zin.ru/Animalia. 
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Similar division of functions is revealed in the Rhodococcus actinebacteria capable to 

exist in extreme habitats with oil pollution or high content of mineral salts [11].  

This ability is caused by differentiation in their life cycle of four cell types forming 

various combinations of intercellular cooperation in colonial populations of bacteria 

depending on the environmental conditions. 

The principle of the division of functions can be observed in the sea-river-sea migrating 

fish (see Fig. 4) where they face essential changes of water salinity and need of 

reorganization of a method of maintaining the water-salt balance.  
The best fit to a change of salinity is observed in the species of fish with the active 

strategy of adaptation resulting in the complete substitution of osmotic regulation. Such 

osmotic conformity became possible due to the permanent existence in a branchiate 

epithelium of fishes of the ion-filtering cells (ionocytes) of both the sea, and freshwater 

types. Depending on a salinity of the environment the corresponding type of cells becomes 

more active. 

Similar example is evolution of animals’ sight of those adapted from nocturnalism to a 

daytime activity. This transition led to an emergence in the primacies of two types of 
photosensitive cells: the highly sensitive sticks providing twilight, not a color sight, and the 

cells – the cones – that are less sensitive but adapted for the distinction of colors (Fig. 5). 

Such division of functions of visual receptors allowed to expand significantly an 

ecological niche of the highest mammals. 

 
Fig. 5. Example of the division of functions of twilight and color sight, Source: http://cyclowiki.org/. 

Unique adaptive property of fauna is the existence in live organisms that were initially 

unspecialized: the stem cells that are capable, if necessary, to differentiation to any cell or 

tissue with extremely specialized functions (Fig. 6). 
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Fig. 6. Example of differentiation of stem cells functions, Source: https://stemcells.nih.gov. 

3 Results 

Considering the results of the research from the positions of applicability, a series of rather 

simple structural principles of multialternativity can be drawn thus obtaining the content of 
sustainable energy technologies, i.e.: 

• The principle of multilevelness and hierarchy of both the structure and functioning that 

are mandatory for the emergence of homeostasis in the energy systems; 

• The principle of variety and division of functions of subsystems which gives way to 

realization of an adaptive transfer of control between them as well as a generally high level 

of system’s flexibility in the conditions of its open interaction with a changing external 

environment; 

• The principle of modularity generating a combinatory variety of options of a structure 
and possible operating modes of a system utilizing just a limited number of different 

standard modules. 

Practical realization of these principles removes the “the curse of dimensionality” which 

still remains an actual problem in the energy systems of high complexity. 

4 Discussion of results 

Let's discuss the system-forming value of multialternativity principles. 
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The principles of multialternativity of structure and functioning of biological systems 

stated above are well shown in a widely known and conventional property of the variety of 

wildlife [12-14]. 

This property originated already at a pre-biologic stage of emergence of life in the 

macromolecular structures – the quasitypes and sysers [15]. The analysis of models of these 

structures shows that the necessary condition of an evolution of the macromolecules 

capable to reproduction was the realization of the principles of multialternativity disclosed 

above e.g. [16]: 
• A considerable variety of the macromolecules of various types competing between 

themselves in a limited space; 

• Selectivity of evolutionary mechanisms of molecules of different types; 

• Existence of the mutual mutational streams between the molecules of different types 

providing the variability in the absence of the crossing mechanism inherent only in live 

structures with the genetic principle of inheritance. 

In the biological systems at the initial level of evolution, i.e., the populations, the 

principle of multialternativity manifests itself as the requirement of the genetic variety 
updating (updating the population gene pool) with a sufficient speed that would surpass the 

speed of changes of the environmental conditions [17,18].  

Usually this requirement is connected with a concept of critical population quantity 

which, in actual practice, is controlled much easier, than the genetic variety.  At the 

decrease in the quantity of a population below the critical value the speed of genetic variety 

accumulation decreases so that the population will not be able to adapt in due time to the 

ecological changes and dies out.  

Let's notice, as it was noted above, that the genetic variety has the combinatory nature, 
i.e. it is caused by a “modular” structure of genes. 

At the level of large ecosystems the principles of multialternativity are expressed as 

follows [19-23]: 

• At the structural level - in the form of emergence of hierarchically developed trophic 

chain: the producers, primary and secondary consumers, decomposers, – the ecosystem 

which is getting isolated through mineral components; 

• At the local levels – having the variety of the types occupying various ecological 

niches.  
Getting out of the food chain by some species results in occupying its place by other 

species which, generally, was in depression before, but contained in its gene pool an ability 

to adapt to new conditions. 

Thanks to multialternativity at all levels of ecological system the interaction 

mechanisms exist that are not limited to usual competitive replacement: there are more 

complex relations, from symbiosis to the “predator – victim” relation. 

Thus, in an ecosystem the most developed mechanism of stabilization of its existence is 

implemented, i.e.: the variety in a system is maintained not only by the trans-species 
competition, but also due to the regulating influence of adjacent hierarchical levels.  

The mechanisms listed can fully serve as a biological prototype of sustainable energy 

technologies. 

5 Conclusion 

Technologies for creating sustainable energy systems are currently facing the problem of   

“the curse of dimensionality”. 

Focusing on the biological origins of the problem being considered shows that the 

variety of conditions of the environment in the course of evolution of live organisms have 
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led to the development of their corresponding adaptive mechanism: the multialternativity of 

functioning. 

The concept of multialternativity offered in this paper as a way of understanding the 

mechanisms of evolution and adaptation in living organisms gives the opportunity of 

purposeful reproducing these mechanisms in the sustainable energy technologies. This 

concept determines the “non-complicating simplicity” principle as an answer to the 

challenges of complex energy systems development. 
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