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While human ingenuity may devise various inventions to the same ends, it will never 
devise anything more beautiful, nor simpler, nor more to the purpose than nature 

does, because in her inventions nothing is lacking and nothing is superfluous.

Leonardo da Vinci

INTRODUCTION
Today we are faced with a crucial challenge of re-
alizing sustainable development in the face of an 
ever-increasing demand for energy and natural 
resources, primarily water, food and other bio re-
sources. As Kovalchuk et al. observe, the primary 
cause of the current crisis lies in the antagonism 
between biosphere (natural capital) and techno-
sphere (manufactured capital) formed over the 
past 300 years.1 Creating our civilization and in-
teracting with nature, humanity behaved not as an 
integral part but as a dominant force, exploiting 
natural resources in unsustainable ways. Over the 
course of the industrial revolutions, people have 
perfected industry, which benefited from tech-
nological advancements. The scale of production 
increased, but its harm to the biosphere also in-
creased, today approaching a critical threshold. 
The deep-seated contradiction between nature 
and the technosphere caused the ever-growing 
threat of natural resource depletion and of envi-
ronmental, climatic and technological disasters.

The history of science, primarily physics, shows 
that the end result of an ever-deeper penetration 
into the properties of matter was the discovery of 
new types of energy: thermodynamics, steam ener-
gy (steam engines); electrodynamics and electricity 
(electric generators, electric motors); atomic phys-
ics and nuclear and thermonuclear energy (atomic 
and thermonuclear reactors). In the process of this 
development, energy generation grew by more than 
three million times, but human energy consump-
tion grew even faster. Nature-like and convergent 
technologies are essential for collaborative engage-
ment with nature in this new era of digitalization. 
A conjunction of digital technologies and nature-
like technologies will allow us, for the first time, 
to understand the natural world, social events and 
humanity as complex, hierarchical systems.

Nature-like and convergent technologies prom-
ise unprecedented and previously unimaginable 
possibilities. The basis of convergent technology 
is connecting the capabilities of modern digital 
technologies, such as microelectronics, with the 
creations of nature. Advances in electronics, na-
noscience, bioscience, information technology, 
cognitive science, social sciences and humanities, 
and their integration, will allow us to develop pre-
viously unachievable human-centred utilities and 
services to improve our lives and leapfrog tradi-
tional impediments. These technologies are also 
referred to as frontier technologies because they 
are innovative, fast-growing, deeply interconnect-
ed and interdependent and are driving the fourth 
industrial revolution (4IR) forwards.

In industry, emerging technology trends, such 
as big data, cloud computing, industrial artificial 
intelligence, additive manufacturing, industrial 
internet of things, blockchain and new materials 
are changing the face of manufacturing, manufac-
turing-related services and the future of work and 
industrial skills. Nature-like and convergent tech-
nologies are being used to create new values by 
designing new materials, products and processes 
in industry and to pursue circular economy, thus 
enabling sustainable consumption and produc-
tion patterns. Technological convergence has also 
allowed creating nodes for convergence between 
previously separate industries and economic sec-
tors, facilitating economic diversification. Indus-
tries traditionally led by a few leading companies 
are adopting open innovation models to bring 
perspectives from other industrial and economic 
sectors. Furthermore, agriculture is industrializ-
ing with new technologies, removing the limita-
tions of land and of decreasing returns to scale in 
some subsectors.
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