How to implement the teachings of nature?
Severin

1
Ehret ,

Nicolas

1
Neumann-Micheau ,

Peter

1
Piccottini ,

Ille C.

2,3
Gebeshuber

1Division

of Biomimetics in Energy Systems, Carinthia University of Applied Sciences (CUAS), Villacher Strasse 1, 9800 Spittal an der Drau, Austria,
2Institute of Microengineering and Nanoelectronics (IMEN), Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Malaysia
3Institute of Applied Physics, Vienna University of Technology, Wiedner Hauptstrasse 8-10/134, 1040 Wien, Austria

Abstract
In the course of the last half century the concept of biomimetics has become ever more refined. Various sub-disciplines developed and found their way
into the curricula of colleges, into R&D departments and influenced the way scientists investigate natural systems. However, researchers and engineers
that can integrate the knowledge and skills required to tackle the interdisciplinary field of biomimetics remain scarce. In an attempt to team young
graduates from a variety of academic backgrounds and to qualify them to overlook the field of biomimetics in energy systems, a homonymous M.Sc.
program has been established at the Carinthia University of Applied Sciences in Austria. As few programs with a comparable approach exist so far,
innumerable new applications are likely to arise from the work of interdisciplinary groups striving to cross barriers that still exist between engineers and
scientists, between developers and investors. One of the most crucial elements to the success of this endeavour is to bring together young, motivated
and qualified people. Costly experimental effort, in contrast, can be minimized if existing knowledge and experimental data is re-evaluated. Keeping
furthermore in mind that Pakistan, as well as many developing countries, possesses a great natural diversity makes this approach seem very well suited to
boost innovation here.
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History
From the early days of science, nature has inspired mankind to
devise new machines and tools. As early as in the 15th century,
Italian polymath Leonardo da Vinci studied the flight of birds to
with the objective of constructing an aircraft1. Even though some
regard him the first “biomimetic researcher” for this pioneering
work; the notions of “biomimetics” or “bionics” only emerged
roughly fifty years ago. These terms, coined by Otto H. Schmitt
and Jack E. Steele, respectively2, were important milestones that
helped formalizing the approach of abstracting and implementing
principles of natural systems. In recent years biomimetic research
has been on the upswing, with publications multiplying more than
tenfold within the last two decades4. Moreover, networks, research
clusters and international standards (ISO) focussing on
biomimetics have come into being.
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Education
Like biophysics, biomimetics is a field that stands at the interface of different scientific disciplines. An interesting
thought, regarding education in these realms comes from Otto H. Schmitt: he ‘‘carefully avoided formation of a
Bio-physics Department [at the University of Minnesota because] this entity would have to reside in one or
another school or college and would thus lose the symmetrical multidisciplinary aspect of the program.’’6 We
think it is reasonable to bear this in mind when educating students in biomimetics. It would therefore be desirable
for students to have in-depth knowledge of all the scientific disciplines related to biomimetics; including biology,
physics, and also engineering.
However, it is another notion of biomimetics that holds a clue for a more practical education in this field: the
systematic approach that distinguishes it from concepts like bio-inspired engineering.7 Important factors in this
respect are the ability to establish connections between different realms, to communicate and cooperate
with colleagues with other scientific backgrounds.
If we believe Schmitt, biophysics is furthermore “not so much a subject matter as [...] a point of view”8 and
accordingly students should be trained to internalize this perspective that can originate other results than monodisciplinary research – be it in biophysics or biomimetics.
Creativity is of course crucial in this field, and while the effectiveness of creativity trainings is not uncontested9, a
playful approach has been a part of biomimetics from the start – for it was verbal play that led to the neologism
“biomimetics”2.

Biomimetics in Energy Systems

Chances for developing countries

Since 2009 the Carinthia University of Applied Sciences (CUAS) in Austria offers the master degree program
Biomimetics in Energy Systems. Apart from the aforementioned contents - engineering and sciences – this program
features elements of systems theory, business and management. Together with a focus on project-oriented learning
and teamwork, this is intended to prepare students to work in a field that is still in the process of defining itself.
Students of the first year that graduated within the last months have presented their works at congresses in different
European countries. Projects ranged from research in technical biology (e.g. the optical properties of a window
plant) to the fabrication of prototypes (e.g. an energy harvester inspired by the albatross).

As we outlined here, biomimetics very often is about looking at things
from a different angle. As projects by students at the CUAS have shown,
progress in this field can be expected performing experiments with
inexpensive low-tech equipment or even using existing data. Countries like
Pakistan, where half of the population is 21or younger13 and biodiversity is
high, including some interesting endemic species14, might well benefit from
this approach that needs fresh minds more than expensive instruments.
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