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Executive Summary
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Engineering Research Opportunities Inspired
by Nature

03Z}UPZ ¢ % E & ]+ ]%o0]v U 3Z }VA EP v }( ]}o}PC v VvP]v E]VvP Z
J(IMUE PE 3 8 % E} 0 ueX HOO 3% E}}( A ¢3¢X "o E % VvV 0¢X A}el 0 S}veX
E 33U p3 382 C E VvIA % ES }( }JUE 0]A X

dZ 06 /u%}ee] 0 dZ]JvPe % E}A] ( EYo PE}uv 3} VAJe]}v JeYVv 8§ §}%] « (}
§Z S§ZE /E%O0}E SYEC E + E Z }u Jve % E}%}e C EA&U Jo% E & % E]
H«VP Ju% SX

Ze+e & Z %E]IE]Y « 8Z 5 }pyo E %] oC A v VP]v E]JVP <}opuY}ve Jv §Z
}u Jv ]Jv op W

e Biomaterials and biodegradablesS§} E %o 0 }u%}v v8e §Z § .00 0 v .00 8} C v u C ]
such as the ability to resist disease pathogens;

* E £SrP v & Y}V ¢ ve}E*U u}V]S}E]JVP B ZVS ES%$ @Yol p T we Jv( Yipe ]
eME( U Jv upv] % 0 Kp v8 Ce3 ueU Jv Z}u sU v ]Jv §8Z VA]JE}vu viU
VYE ]8C }E E P]}vV v

* ]*}A E]+3Z 50 A EP }uu}volY e ulvP Vv]u oe v %o sushadlhg v . ]
0]( *% veU oJu & P v & Y}vU }E §Z ]o]3C 8} o]A ]Jv AESE u VA]E}vu

he]vP ]}o}P] o vYY ¢ « pJjo JvP o0} leU §Z & %UE%}*]vP ]}0o}PC }u ]v }
E%0}E Y}ivU 8} Jv op W

e Newmaterials $Z § v e <p s8 E € }v v .08 EU E u}A U }E SE ve(}EU %}00
» Leveraging the brain-machine interfacev. *«C+% ue Jv3 00]P v 3} Ju% E}A }juupv] Y}v v
devices; and

e« "NSE}VP EU o}vPro «YVP J{fEs plodvPP oy }3Z E JV(E *3EN SPE X

Ze+e E Z %E]IE]Y » 3Z 8 v (E u e Ju% E}A]vP }v ]}o}PC Jv op W

e« ZPv EVYA VvP]v E]JVP Vv Ju% E}A u USEEYUZELUPZSAGPEGU Zpuu vi%k}A E
8} Ju%o E}A]JVvP }uupv] Y}v 8ZE}uPZ © & puv E+3 v JvP }( 8Z & Jvru Z]
wearables or implants that enable new human-to-device interfaces;

e AV e« ]v ]YA u vuEenablir@ ¢wsBom bio replacement parts;

* D} o0+ 8} pv E+3 v P]JvP A]gB- v+ C33}A E oopo E E % E}PE uu]vP v
Jv op JvP A Ce 8} «Z}ESr |E p]S e v o v V AE%O0}E]JVP E E % |]E u Z

WE]JIE]YI C 8Z % EVY % vEeU $Z (Uv U VE 0 E » E Z §}%] *U « A oo
VAJ]e]}v @&E epose 8} (Ep]YIVU E % E}A] }v 8Z (}00}A]JVP % P X

ERVA: NSF Engineering Research Visioning Alliance | Executive Summary 5



ldentified Research Priorities

#

impossible
thing

SMARTPHONES DON'T NEED A TRADE-IN; THEY REPRODUCE

~

1z ZN

nz 2zZ~°

iiz zZn

The brain-machine interface
and systems intelligence, with a
Al*]lv (}& AZ [ v £
Juupv] YIv v Ju%oy
Al Clv 8z

VY(C]vP u &I 3
}v.u YVP o](r C o
determine which components
Z}o 8Z u}eS %E&}u]e

S

E]
v

/

YVvP
U E&%Z}V *X

A E -

Av o ]v 1YA
manufacturing to generate
IN*%3 UE J}vE %00

u vs

Y

0Ce]+ S}

(JE 2~ X

ZPv EYA vP]v E]vPU
pljo JvP }+ E ¢ & Z ]Jvs8} e 0
% @FvR JV(E SEpU SUE X

impossible
thing

#
A BUSINESSWOMAN FLIES TO WORK USING HER NEW EXOBKEN

Z/\

Z/\

itz zZ»

Data-sharing and monitoring
*CeS us ~(}E& * (SC v
ujvs vy v E % |E

% % 0C]vP v A (uv Y}
E]sYVP %o E}eEZ Y

Ultra-lightweight, high-density

BGHIBUOCIIV v % }A

\ oo X
Two-way, human-to-device

v intpifaceq yshg wearables or
AJu%0o v3eX

For internal systems, ways
to boost the human body’s
resources to power implant or
% E}eSZ Y +Ce+3 ueX

ASE}VPU o]PZ3A |PZ§
Al8Z v <« 8Z }% Yu

(Eve@&i{B YU o v JVvPU

Bio-inspired principles for

v A}]

% ZCe] 0 *SEU SUE X
us E&] oeU
ou} oX

ERVA: NSF Engineering Research Visioning Alliance | Executive Summary



#

impossible

YOUR BATHROOM MIRROR PERFORMS HOSPITAL-GRADE DISAINTS

thing
iz zn» nz zn iz zZ»
81 vS &reZ E]JVP Ut]EPA § «YVP %0 Z}EuUe| WHUE%}e r <]Pv EY.]o
"%ZCe] ] v ]v S§Z 0}}%0 sensprsthad @rexaccurate using ]Jvd oo]P v ~ /e }VA E- Y}v

o°}

Methods to integrate data from

VepH@E « % Y v3 %

EMC CXe u% o0 ]l X

Methods and models to detect

interfaces that could be leveraged
to detect changes in voice,

. oo . - . AE %o E “]}VU \Y %0 % & Vv
UHOY %0 * U% 0 ¢ VvV %oloaseliGE aranges in key biometric JEE o 8§ A]3Z Z 08Z Z vP
and to analyze these integrated | measures from a variety of
databases for the greatest sensing technology mechanisms

§ (JE Jv]Al poe [VV ]} u%0 3C% X
%o}%opu0o YIv Z 08ZX

_ _# THERE'S NEVER ANOTHER “YOUR CHILD HAS BEEN EXPOSED
P hing SIGN AT DAYCARE
Tz zZ» nz z» itz zZ»
Passive sensing and health risk | New smartphone interfaces for Machine learning and Al models
% E | YIv § Zv}o}PC| (}EYwrs ]* + SE&E I|]yvmXollect, track, and analyze data
Zlu pne X D} o0e &) <u] 10C % E ]sg AAoCE]V] § (MLSPME %o SZ}P v
Biologically-inspired sensorsand] 8 C (}& u &P]vP ]e<Novet Approaches for wearable
] PvieY « 3} u}v]3}E |$ 0 EP_E 1 Al «c 3E & Y}v }u]v
~%}% 0 YIve » 0 X Aop Y}iv }( ]}.oue 2 %]éZéCEPé §Z E %o PV » &
cou[d be rgpurposed to develop vZ ” q%uu YA]SC (}CE
Z" Jve%]&E C v Suc (}0,@]'}/\0{ N ®GulE } Y V& PE} %X
%o SZ}P v] spE( - ~ | XPXB EZA®IS VSEC }( %o sZ}P veX
el]Jve v v SU@E 0 *Ce3|ue v 5 . D 3Z} « 8} v o ] vY. Y}v
biology that protect organisms DpoYr( S U upoY%0o A & 19,0 Apov E o 3} %o G
o]AJVP Jv ( Y vA]E}yY_mig models, devices, and athogens and systems to
« Ve}E- 8} ] vY(C VA] %S @& veules]}vX
( S}Ee SZ S + 8 % S$|Z}0}PC (E}u
]JEU spE( U v KW VS sjuE X

ERVA: NSF Engineering Research Visioning Alliance | Executive Summary



#

impossible
thing
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“Engineers must lead the
biotechnology revolution by

unleashing biology’s potential
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Leveraging Biology to Power Engineering Impact

Taking inspiration and knowledge gained from nature, engineers from diverse disciplines

regularly identify creative and impactful solutions to complex, global challenges. The Engineering
Research Visioning Alliance (ERVA) convened a diverse group of more than 100 technical experts
VITVIWIRXMRK XLI EGEHIQMG GSVTSVEXI KSZIVRQIRX ERH R
research opportunities for tackling eight “impossible things.”
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https://web.cvent.com/event/87fa3ecb-e978-4a78-a15d-c664d84f1df7/summary
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https://beta.nsf.gov/news/nsf-selects-susan-s-margulies-head-engineering-directorate
https://www.ervacommunity.org/task-force/leveraging-biology-to-power-engineering-impact/
https://www.ervacommunity.org/task-force/leveraging-biology-to-power-engineering-impact/
https://www.ervacommunity.org/task-force/leveraging-biology-to-power-engineering-impact/
https://www.ervacommunity.org/task-force/leveraging-biology-to-power-engineering-impact/

With a focus on research directions where
engineering approaches and solutions are
paramount, attendees proposed avenues
for further study and discussed research
directions necessary to achieve each goal.
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Opportunities to Leverage Biology to Power
Engineering Impact

Impossible Thing 1: Smartphones don't need
a trade-in; they reproduce

Ives§ }CAJYVP Jv o]lv 8} %] | u% 32
model each year, could a phone simply upgrade itself?
tZ]o % EY ]% vie PE §Z § . of
phone in a pure, biological sense is likely impossible,
E 3Z]vI]vP 8Z @& o0 Y}veZ]% S3A
and biology sparked bio-inspired ideas for
engineering new kinds of sustainable, adaptable,

v E % ]JE o o SE}v] A]-]f

| C .E*3 5 % A}po §} /E %ol
eCe3 ue 3Z 3 }po + YA oC % E\(
%Z}v } o 0 SE}v] 00CX "% ].
include how systems in biology adapt, replicate,
heal, produce power, and communicate, as well as
Z}A 83Z C *3}E VvV % E} e+ JV(}EuU Y}

Engineers could apply engineering principles to develop
N e]PV EHO o V % E}%}e %E Y o0 v
(Joo}A C E %] % E}5}3C%]VPX © v H A Z
VP]lv B+« VO A EP 3Z]|E AE% EYe 3} VepE 3Z § % E
*% ]. @& <U]E u v8e (JE U *» % E} pu YIv v &

V. % E} ¢ X

§}SC% * u §
u (E}u pE o U E %o0]

W EY ]% vse & }Pv]l 3Z A op }( (} pue]vP }v }v  }u%e}v v3 }@E *% ]. u §
u} po E Z E A E pv]de 328 Vv %E} p }E tvv § 8} J}o}P] o0 }u%e}v

[ Ed/&]/ dKw/ ~d, d Kh> , s d, 'Z d "*d Z dhzZzE KE /Es ~d]|
WZzZ/KzZ/d/- z d, /IK>K'z E E'/E z/E' zZz ~ Z , KDDhE/dz /]
» Biomaterials and biodegradablesS} & %o 0 e *3vY o ulpvsd }(u 8 E] o pe (}E ¢

manufacture;
« The brain-machine interface and systems intelligende A]3Z  AJe]}v (}E AZ §[+ v £5 |V % Ee}V
V Ju%pYVP A] ¢ ~ C}v 8Z eu ES3%Z}V oV
« Advancesin  ]JYA u vp( Stp@erte custom bio replacement parts;
e ZPvEVYA VP pEJVRP }+ E ¢« & Z Jv8} » 0(rZ o]JvP JV(E «3Epn SPUE V
e/ vY(C]JvP u EI § E]A E+ v }v u YtoBeterffine @hich compo@nie hold the most
% E}ule (JE (LESZ E &« & Z vV A 0}%u v3X

A v P e«3} A o0}%]vP v AU vP]v E]JvPr E]JA V % E*% YA ]Jv §Z]« &
He }( @ A u 8 Elo*U VvV %}5 VY 0 }AVeS3E u E + E Z Ju¥%o Se v E = op .

]JPP]VvP % E Jv3} %}5 vY o }luupv] Yiv Al ¢ v J}rvzZyv o]A EC Z
new avenues for future study, such as bio-inspired devices that have more memory, can learn faster, and use less
v EPCU v o]vP «uls8 o e 3} VA A] ¢« v E pu]vP VA]JE}vu v3 0 Ju¥%

ERVA: NSF Engineering Research Visioning Alliance | Visioning Event Report 13



-QTSWWMFPI 8LMRK % FYWMRIWW [
work using her new exoskeleton

Is a commuter-friendly suit the future of
SE Ve }ES Y}IVM E YVP 3E}VPU 0]
E o] 0 % Ee+}v o GCJvP A] ] Z]F
challenge, but leveraging the progress made in
similar technologies makes this task possible to
Z] A Jv 8Z (MSHE X dZ Ju%o}v vse
us E] o°U %E}SZ Y U v }EP v] %
Pv & VY}vrr Juo Z A €&} E %%0]
VZ vV JVP Zpu v % ]o]Y X

Ep ] o }ulv vs }( 8Z]e Z oo VP ]-
E]lYVP § Zv}o}P] e« v Al « Jvs} ]
*CeS uX he]JvP Zpu vr vs &E *]Pv %o
VP]lv E+ VOAEP SZ]E A% EYe
E+ EZ]JvusS E]loes]v U SusStE-U ¢«
i}]Jvd E %0 u Vv3eU % E}*SZ Y U Vv <% .
% Ee}v 0 }uupsS & ]S §Z S u S S$Z o]LU o}

E <u]E u vSe v (}E& Zpu v GJPZsX
/| Ed/&]/ dkKw/ ~d, d Kh> , s d, 'Z d "*d Z dhzZE KE /Es ~d|
WZzZ/KzZ/d/- z d, IK>K'z E E'/E ZzZz/E'" zZz ~ Z , KDDhE/dz /]

c &}E [£ES Ev u ACHHUEUro]PZSA JPZ3U Z]PZr Vve]3C % E}% H0o]}Vv VvV %}A E
« For internal systems, new ways boost the human body’s resourcess} % }A E Ju% 0 V3 }E % E}+3Z VY
« Applyingv A (pv Y}v o]Y « (J&E E]*YVP ;% E}3Z Y Al -

« dA}rA CU Zpu vrs}r A] usihg3$ve@gblesor implants;

* Bio-inspired research int® E]v (%0 * (}E v A]JP YVPU o v JvPU UA} XVP %ZCe] o0 <3¢
e ]} ¢ <SE}VPU 0]PZSAUYPAX|SZ §WE]08Z }%Yu o u} oV v

« Data-sharing and monitoring systems- (}@& « ( $C v 8} ] vY(C u Jvs v v v E % |E& v

W EY % vSe v}§ 8Z 8§ E o A v3 8§ Zv}olP]l s E E]% (}E % E}PE o« VIA
e]v U 3p38lE.U © E] *U * Ve}E*U V % E}SZ Y eX Z+ E Z %E}PE -
% % 0] Y}ve Jv }8Z & E U ey Z e % Ee}v o u} ]Jo]8C vZ v uvde v SE v
V %E Y oX dZ & Je e *3 vY 0 %}3 vY o (J&E .vv]o v VA]JE}vu v§ 00C
A 0}%u v Jv §8Z]e E X dZ]e 0} ( VvV S3UE 00C JV3} %E}IPE oo Jv E}%
}vS§E&}o VvP]v E]JvP v SZ %ZCe] « }( GC]JVvP } i Se ¢Z}puo A 0}% X

/AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY:
N\ iuing oo ook s sorspmsel 0/ N/

/1 /i rgpgink pl e AVVVAVAVA‘VAVA‘
VAVAVAVAVAVAYAYSVEVHVANAATAVAV

ANANVANVANVAVAVAVANV ANV ANV AN NVANVANVANANS

14 ERVA: NSF Engineering Research Visioning Alliance | Visioning Event Report



Impossible Thing 3: Your bathroom mirror performs hospital-grade diagnostics
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Impossible Thing 4: There’s never another “your child has been exposed to...”” sign at daycare
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Impossible Thing 5: Any-town USA manufactures all the chemicals and materials it needs from
plants grown nearby

A% % 0C Z v J*Eu%k Y}Iv Jv]Y & C38Z % v ul v £ E 3 C

AE v
U%}A EJVP Juupv]Y « 8} %E} p SZ JE }Av E]Y o0 E *}uE « v E A u 8

u s

I/ Ed/&]/ dkKw/ ~d, d Kh> , s d, 'Z d "*d Z dhZE KE /Es ~d|
WZ/KZ/d/- z d, IK>K'z E E'/JE ZzZ/E' Z ~ Z , KDDhE/dz /]

« Life-cycle analysis and techno-economic analywisietermine what processes are the best targets for future
vVP]v EJvP E « & Z v A 0}%u v v AZ 8§ «% ]. JYuupv]Y ev U A
technology transfer and process scale-up;
*Novel, 0}JA VA]JE}vu v3 0 Ju% 3 u 8Z} « ~ XPXU v 8§81 E} & }v Jvs ve]8C v
%oE&} e VvV %PE](C .v]*Z u S E] o
{ 1}0o}P] o0 *Ce+3 us (}E& ]}u vu((bidSmid@EiytRe %illS vY o
% EJ]} ] § o0 ¢V
{ E AU SEpPoC 0}Ar }+8 u 8Z} » 8} poYA § v
o]Pv} oopo}e] &s asagtainable source to replace
fossil feedstocks;
e /Ju%E}A €& orYu u}v]3}EJVEU ]v op ]
Ju PI]lvP (}E& }oo YVP § ]Jv otoE&P re o
( ]Jo]ls8 8§ Z]PZr. 0]SC ¢ 0 ru% v u}lCE
0 EP re 0 <u]%u vsS ]Pv Vv }% &E
{ D 3Z} « 8} % E]}E]Y]I % E} pu Yiv }(
and materialsbased on both technical and
tviul ( <] ]o]sC (JE& SZ J&E u+ v
*} ]SS0 Vv .SV v
 Low-cost infrastructure developmentor local
SreZ EJvP §Z S ] C E« upE X

EA Av ¢« v § Zv] 0o % ]Jo]Y « ]v
such as biomanufacturing can accelerate advances
8} Z]1 A §Z]s "u%e}es] 0 SZJVPX_ t]3Z
pressures on global supply chains and the desire to

SE ve]Y}v (E}u E o] v 1}V % SE}0 pHU % E
AJo oU }viu] 00C eus3]v o v EPC <}y
new ways to produce materials for daily life close to home should
% EJ}E]YT X

18 ERVA: NSF Engineering Research Visioning Alliance | Visioning Event Report



Impossible Thing 6: Lifespans are no longer
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topic is ripe for rapid R&D advancement when
engineering researchers leverage recent advances
in biotechnology, data science, and renewed

E }PV]Y}v }(8Z @& o Y}veZ]% SA

v Z o0S8SZX

/ Ed/ &/ dKwW/ ~ d, d Kh>

'Z d ~d Z dhZE KE /Es ~dD Ed
WZ/KZ/d/-e z d, IK>K'z E

KDDhE/dz /E >h W

/u% E}AJVvP 8Z u §Z} « v u} o 38} }oo 3U u]l]v U v oCl WanddatA]ep o]l ]v?
JV(E «3Eu SUE 3} ul Jv(}EuU YIv u}E pe o U es] 0 U v ME § pe]v
e }Joo }E YA pEFPE}YI oo YIv }I( 8 A]8Z 8Z <SE}VP 3 }vv Y}v 3§} ¢
and that can be leveraged for targeted follow-up studies and analyses;
« Developingnew types of targeted sensors and monitoring systen8Z 8§ v }00 8 UHOY %0 VvV %o}]Vv3
Pv ES u%e*335E | § }JAE YuV v
e VZ V ]VP % ]o]Y ¢ ]v 8§ eeU uv PAJEIYvR Jv HIB]SICE Y}Iv A]SZ <5 | |
vV juupv]Y e 3} veuE *]PV J¢ %% E}% E&] § S} u §SZJE v X

/s g/ oo g e g v s s\
VTRV ARV ALY Vet AV 8 TR Ve T WA

NNAWAAVAVA%AVAVAVAVA&AVM
WAVAVAVAVAVAVAYAVAYAVAVAVAYERYAVA

PANIANWANANIANANWVANV AN AN AN AN \NIWANWANWANYANE

ERVA: NSF Engineering Research Visioning Alliance | Visioning Event Report 19



Impossible Thing 7: Central NYC residents breathe pristine mountain air
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Recent technological progress is a springboard for scaling up, and further progress holds the promise to advance
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Impossible Thing 8: A 100-year-old breaks the
100-meter sprint record
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Overall Assessment and Moving Forward
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promise to increase sustainability and reduce reliance on fossil fuels, engineering and biology have a role to play
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Appendix A: Visioning Event Participants
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Appendix B: Event Presentation Summaries
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