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Have you ever looked into the sky and wondered why birds could fly? Or
perhapswhy the leaves of cacti are needle-like? Throughout evolution, organ-
isms have experimented with various forms and functions for over 3 billion
years before the first human manipulations of stone, bone, and antler.
From animal teeth to spears, fish fins to paddles, human beings have studied
nature not only to satisfy curiosity but, more importantly, to learn from it for
innovations and inventions. Along with the development of technology, our
understanding of the creatures in nature goes beyond the pure observation
of morphology to investigate exquisite composition and knowledge of funda-
mentals of their unique functions. Nowadays, people draw inspiration from
nature to create shark skin swimsuits that increase swimming speeds,
buzzard-inspired flaps that improve aircraft maneuver, and self-cleaning
clothes that mimic the surface wettability of lotus leaves. These ideas are
bio-inspired strategies, aiming to inspire biological methods and natural ap-
proaches to design modern technology or resolve engineering problems.
ll
As the technology evolution involves more and more consideration of
complicated system-wide factors and nonlinear engineering relationships,
the pace of innovation in new science and engineering has been slowed
down. When the old way of development based on violent energy consump-
tion and unreasonable urbanization is severely challenged, as the excessive
disasters we were faced within 2020, the human civilization calls for innova-
tion in science and engineering for sustainable development. Therefore, the
scientific community demands new methodologies to guide future direc-
tions. In this respect, bio-inspired strategies suggest a new approach to sci-
ence and technologies based on a participatory and holistic world view
informed by science, ethics, and the trans-disciplinary integration of multiple
perspectives. Nature’s wisdom is endless, and we have successfully solved
numerous problems by using technology guided by the bio-inspired strategy.
Herein, the question is: What future challenges can we address by using bio-
inspired strategies?
Figure 1. Leaning from nature for healthcare, energy, and
environment Bio-inspired strategies have made a vital
contribution to address the challenges in healthcare, energy,
and environment, and promise a bright future for the devel-
opment of science and technology in modern society.

The Innovation 2, 100135, August 28, 2021 1

mailto:jun.chen@ucla.edu
https://doi.org/10.1016/j.xinn.2021.100135
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xinn.2021.100135&domain=pdf


Commentary
T
he

In
no

va
ti
on
BIO-INSPIRED STRATEGIES FOR PERSONALIZED
HEALTHCARE

Personalized healthcare is an effectivemethod to access personal health
status continuously. It is primarily shadowed by the lack of affordable wear-
able bioelectronics for continuous physiological information monitoring.
Meanwhile, with the development of artificial intelligence, deep learning
inspired by the neural network is playing an increasingly important role in
healthcare, which has raised more challenging requirements for electronic
devices. Fortunately, various living organisms provide us with valuable
cues to resolve the challenges of endowingwearable bioelectronicswith un-
imaginable functionalities.For example, inspiredby thehumanepidermis, re-
searchers focused on overlapped receptive fields and the arborization of the
peripheral neurons to develop artificial peripheral nervous systems with su-
per-high sensitivity, which reveals the flexibility of bio-inspired strategies.1

Moreover, to perceive subtle signal changes and achieve fast signal trans-
mission, a human eardrum-inspired sensor that demonstrated superior
sensitivity with fast response time was fabricated.2 In this way, scientists
could develop ideas to design advanced technologies via bio-inspired strate-
gies, making our lives more healthy, convenient, and comfortable. For
instance, mechanical mismatched prosthetic limbs directly attached to
the human bodymay cause pain and infection. To address this issue, inves-
tigators discovered how creatures deal with such problems: the squid beak
can connect the soft body without interfacial damage owing to the distribu-
tion of gradient hardness. Thus, by investigating the connectionmechanism
of squid beaks, is it possible to develop a similar bionic therapeutic device to
promote thewearability of prosthetic limbs? The flourishing development of
multifunctional wearable bioelectronics cannot be achieved without the
beneficial role of nature, which provides continuous inspiration in material
innovation, structural design, and functionality discovery. As themain focus
of consumers shifted from the pure functionality of products to a compre-
hensive demand combining broader applicability and convenience, the bio-
inspired strategy is again on the brink of a breakthrough.

BIO-INSPIRED STRATEGIES FOR SUSTAINABLE ENERGY
FUTURE

Nowadays, problems associated with energy crises are becoming
increasingly severe stumbling blocks for the sustainable development of hu-
mancivilization.Besides replacing fossil fuelwith renewable energysources,
sustainable energy development involves two significant technological
changes, including energysavingson-demandandefficiency improvements
in energyproduction.However, current optimization problems insustainable
energy systems are becomingmore complicated due to the high integration
trend and systematic nonlinear design conditions, which have brought un-
precedented difficulties to traditional research methods. On the other
hand, living nature has gained incredible experience in the decisive energy
front for survival in evolution. From the nutrition delivery in the smallest
cell environment to the energy flow in the largest earth biosphere, a broad
spectrumofenergy technologies havemanaged incredible energyefficiency
andoptimal balancewith thesurroundingworld.Therefore, learning fromna-
ture definitely offers us a more heuristic and effective strategy to achieve
sustainability. Another innovation toward energy efficiency improvement,
inspired by nature, is the bio-inspired design of fuel cells.3 The lung’s fractal
geometry is used as the model to design flow fields of different branching
generations, resulting in uniform reactant distribution across the whole sys-
tem’s electrodes and minimum entropy production.

BIO-INSPIRED STRATEGIES FOR AN ECO-FRIENDLY
ENVIRONMENT

The nature-inspired technologies that maintain life on earth in harmony
could shape our fragile system in a perfect balance based on high efficiency
and unique design. The advent of bio-inspired strategies will also bring
infinite opportunities for re-balancing the relationship between technology
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evolution and the natural world, thereby providing practical solutions to
the emerging environmental severe issues. As the most compelling renew-
able energy-harvesting technology, solar cells had been shadowed by their
long-term operation stability, especially perovskite solar cells. To tackle the
problems, researchers developed a bionic interface layer to control the crys-
tallization accurately and acts as an adhesive, which is an inspiration from
the biological crystallization and flexible structure of vertebrae.4 With na-
ture-inspired technologies, solar cells could be integrated into tiny devices,
and power diversified electronics for daily usage. In addition, the bio-inspired
designs could not only be inspired by single species of nature creatures but
also learn from a complete ecosystem. For example, rainforests have
barren soil, yet they have highly developed ecosystemswith extensive biodi-
versity and splendid stability due to their unique closed-loop systems.5

When it comes to the future design of urban civilizations’ infrastructure
and industrial production, it is reasonable to suggest that humanity learns
from natural formulation to create coordinated municipal constructions
that can demonstrate eco-friendly resource cycling properties.

CONCLUDING REMARKS
Nowadays, nature-inspired technologies play an increasingly important

role in developing amore sustainableworldwith healthier lifestyle, cleaner en-
ergy, and a better relationshipwith the environment (Figure 1). Facedwith the
severe dilemma between human civilization and nature, such as the COVID-
19 pandemic, the increasing petroleum prices, or the spreading of bushfires,
nature-inspired technologies can play a crucial role. Derived from living crea-
tures, bio-inspired organs and protective devicesmaintain better functionality
and compatibility, promising to help develop an individualized epidemic pre-
vention system with better healthcare. Similarly, nature also inspires innova-
tions in building a sustainable energy future, where high integration and sys-
tematic nonlinear design conditions pervasively exist.

However, the application of nature-inspired strategies comes with chal-
lenges.Without an in-depth understanding of the fundamental nature princi-
ple or that the precision of manipulation fails to reach the nanoscale, the
impact of bio-inspired strategy will be significantly reduced. Another
challenge lies in the impact of the unique research logic and methods of
bio-inspired technology on the existing scientific and engineering fields.
Therefore, a critical rule we should remember is that the development of
bio-inspired strategies is always combined tightly with fundamental
sciences, e.g., biology, chemistry, particle physics, quantum science, neuro-
science, andsoon.Withan in-depthunderstandingofnatural laws,moreand
more previously unimaginable bionics applications will gradually step into
our living. In the future, we will see bionic scientific advancements flourish
in variousfieldsof scienceand technology tobuild upaharmoniousandsus-
tainable relationshipbetween humansociety and livingnature.Whenhuman
beingsencounter imminentproblemsof vital importance, it is feasible to turn
to nature for solutions, because themost advanced technological ideas usu-
ally originate from the vast natural world.
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