= — PISSN 1225-7281
ApAerEX|E, M53H, 15, 111-120, 2020 g
Econ. Environ. Geol, 53(1). 111-120, 2020 elSSN 2288-7962
http://dx.doi.org/10.9719/EEG.2020.53.1.111

S2E WS s =2NE 2ME S8t PE|LIEE XEXFRY [=0iel
HZfA e |

2Me1* . Mxtm23
192 AL A7) vl ekl TAlEl, 2Restel 14 e e AT, Saetskn KUKIST oluix)szuskel

Desirable Suggestions for Korean Geo-technology R&D through Analysis
of the Global Grand Challenges and Moonshot Projects

1%

Seong-Yong Kim!'* and Changmo Sung®®

TFuture Geo-Technology Strategy Research Center, The Korea Institute Geoscience and Mineral Resources (KIGAM)
2Policy Research Institute, The Korean Academy of Science and Technology (KAST)

3KU-KIST Graduate School of Energy and Environment (Green School), Korea University
(Received: 30 December 2019 / Revised: 30 January 2020 / Accepted: 01 February 2020)

Remarkable scientific and technological achievements are mainly shown in the ‘super-convergence’ or ‘convergence
of convergence’ among cross- disciplinary fields, and advanced countries are promoting the ‘high-risk, high-return
research’ ecosystem. Google LLC is carrying out numerous new challenges in terms of a non-failure perspective.
Innovative research by the US Defense Advanced Research Projects Agency (DARPA) has produced such breakthroughs
as the Internet, GPS, semiconductors, the computer mouse, autonomous vehicles, and drones. China is pioneering a
‘Moon Village’ and planning the world’s largest nuclear fusion energy and ultra-large particle accelerator project.
Japan has also launched ‘the moonshot technology development research system’ to promote disruptive innovation.
In Korea, the government is preparing a new research program to tackle the global scientific challenges. Therefore,
it is necessary to determine the reasonable geoscientific challenges to be addressed and to conduct a preliminary
study on these topics. For this purpose, it is necessary to conduct long-term creative research projects centered on
young researchers, select outstanding principal investigators, extract innovative topics without prior research or
reference, simplify research proposal procedures, innovate the selection solely based on key ideas, and evaluate
results by collective intelligence in the form of conferences.
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1. M =

Sel7t BRASE olRA A&H 0w IRs o™
sdo] 2Qast HshdA =734 (Grand Challenge)St
A Moonshot)d A= V1€ SHAA FAHA
A A olofol] gk FE3 HF7Fs WHel )l
©717ke] sEelidolut o]ele] Zld Qlol, oklxtal '
Zolm, Thax FRBIARE 871291 A7 & on|gitt
(Goole X(2010); as cited in Whatis.com, 2019). 1969
d u)=e] o}Z = geha} 272 (Apollo Program, of
ZzZ2 115 ¢ i_ll-g'_) /\451 0]6‘ _E,L}\k-a E}_]E‘—— 1:1—_‘{]‘_
Zo] ohzt, gell =3telele AlE, E7FsE dS 4

a7l A3 et =89E A W—i ofujsiAl =2
o} ml= eubrl FR2016.12)m 9] FE #AE oY
AE]E.(National Cancer Moonshot Initiative, Cancer
Moonshot 2020)2 & AE-S 913 AIYGS KM
AU, 71 919 ol ook BE IT- 0153

ShRokolw  2-§-3HSuper-convergence), S5 %

O_u

(Convergence of convergence) G472 Fs)Folt}. o]
AE 7eA=ES o] SEEVR A5 A
=S F8 olFRot 28 e %"{}" =]
< Zslstal 9lom, Hzolak Harel GL
(High-Risk, High-Payoff) 17 AJejAIS

FAF 47 (Moonshot Thinking) 2 *‘6@ (Act)~ 7%%‘
st x4 2de )= B 75d1A1E = (Defense
Advanced Research Projects Agency, DARPA)] <1+
Zz2 o, DARPAE Z9¢ 3’_—?0' AF, AS
vEETeE Mo HAls 28] =0 ATE AEHL
2 Fretal vk 24 B2 10% /BT 28]
2 108 H4A1(10x Not 10%)yS F7akke Az 9
u|slar, AHE $13 A9 (fail to fai)E Stohe HHS
2 FEHA sk oA]olt)

ICT 39 43 A48 =82, Ja7isd <
A 5 ohEE ok =59, 88 sl ¢
WA A 77 Skt Sl olAlE #HElE
F8740] BE FodlM AR= A7t @ Aot -
gyt R&D F2H2017)1= GDP tiu] AlAl Hi 5
F(455%)°1H FHORE 6979 GE2A w5432
g, T=2605212d), E(1561%EE), U
1,122l olo] AlAl 5% o2 ZTH(565%
1:1—‘3) o:]__:lL(43904u1—a)oﬂc oL/\ kU O]O‘/]‘(KISTEP
2019), 17P°] F ¥e] A R&D FAlS $3 =g

T EFeta A Y4lo] migsitial grkshEA A
7 R&DE ’:_J_ Fo= FAlsp| f5t =Fo| A&x] o]

0210
s
tlo

1o o o

oF 3}y XeHSFATHMSIT, 2018a).

oA $EuEte H2E B (First Mover)2A4] 7]
SNEFET AR Aopdosd s HAlg oI
©7)= R&DE T4 FREAL Ak - AR &L
7¥&slel, atel A gt =7t Al BAlS el 7]
o djsjjor st} 27ke] A AFEE AAF
ek e ot ARE Al W =
A% R&D ZEagow @2 sy gabe F453
3, 718 71Ee] Aol obd gt wadel] ZAe
TAA A Fxlo] Hojof gt} g 7RE
=7} R&D Falslell Hol, # A= 1908 4l
¥ R&D ZEIHS QEH o}E% %&E}. SShdA| S5,
nE AN EE
Aoz 393 359 OdﬁL E_E_:LE.H—% ZJ3lstar
2 SCHMSIT, 2018b).
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e ZEARY 2aE AAE 53 FEAY 3EE
Al sde] g e 5 37 HAE X Z24)
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1. o3 ¥ 7J|&(Disruptive Technology) S &k
n)= MIT(2019)= HZE==ZA] glHolA sjds]orst
10t A74 HAES SRS olitstea 2y -

eyt AR el iR Al 113

R

A, 2= FR oUA A%, HE A, X
W X8, Y AL, AUx 284 deEssl, o
3l Fol AExH(safe driverless car), WAE Q1ZA%
(embodied Al), ] 21739 3|5 (brain decoding), A%1
o] Z(earthquake prediction)°] sjgH Tt 3] X7l

=2 AFAYo] F4lo] He wWAlolth X Inf
717k mlE] 2EA Al RS St FASS
o] guAE A1 4 lom, HaAs F Az A A
AATE & 4 Juid Fulnk o) S 33 4
Ae Aeojth

H2UX AMHEES F2 3= 234 38
(Disruption Hub)= i@ 333 7|% 53(Disruptive

Technology Trends)s w¥ 3t Uth 20183 %ol
1871e] 7% 7]%-5 3 (Disruption Hub, 2018y A
Alstith. o]&2 RAK-First o4 Al-First, 7H<1s}
9 v}, 7719 37], AAddlelE ZEXERE, W
Exn)23l wdle] 7oA huge growth in the as-
a-service model), X1&7Fs4, FYIHE L 244719 7
A} &9, u2ER] 4.09 nEEd ¢, EEA¢1
Al =8, dERAoz gH o APEA (improved
decision making with prescriptive analytics), CRISPR
(clustered regularly interspaced short palindromic
repeats, BHEE]olel YA 2 AR E F71A Al
ol LHEE DNA M), o347t 8, 498
TEMRIEEFT], 5839 o2 9] Tk, tA
g EACPS) & 37 dHAAIE Sk 3%
AFE, A3 P22 A - FA WA, F7ske
goi7re] Al Solti(Table 1). ¢olo] Disruption
Hube 2019350l 9He] w124 7egde Trsiil
CHDisruption Hub, 2019). Web 3.0AFE<1EIH), A&
glo]dz tA" E9, shte] Al (the market of one),
A A] 7é%‘rr‘%(edge computing), 7373 #l(the voice
economy), 122 A}53}(strategic automation), 417
B2 QI¥AE, 37 7578 (spatial computing), A}
AFE Folth(Table 2).

3.2 0|Ze =AY Apifut &

n] YA INSF)(2017a & b)— n|gAthES A
=3 gZoist ol vl f J€ o224 10 Big
IdeasE AANBII=], 7€ As|e 498 dolMe
B2EA A, 22H A v 2lud FAA
AAY 9 AR f=, OFS FAE 7R FY
g} mEgrEs Feg 5 e rleddezs, @
dlole] HHe] &8, @° 7
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Table 1. 18 Disruptive Technology Trends For 2018

Disruptive Technology Trends For 2018

e Mobile-first to Al-first
o Personalisation & Customisation

® Meatless meats

o Personal data value platforms

e Huge growth in the as-a-service model

o Sustainability becomes a major feature in innovation

e Voice based virtual assistants become ubiquitous

o Steps towards Industry 4.0 and the factory of the future

® Blockchain comes of age

e Improved decision making with Prescriptive Analytics

o CRISPR (clustered regularly interspaced short palindromic
repeats)

e Convergence

e Commercial drones and UAVs (unmanned aerial vehicle)

e Diversity becomes a major boardroom issues

e Growing interest in digital twins

o Spatial Computing augments the real world

® Renewables and Clean Energy near tipping point

e Increased cross sector innovation

% Source: Disruption Hub (2018), https:/disruptionhub.com/

2018-disruptive-trends/

oA wldA HAEESA A A, QAT ¥
A, @*Em%z‘ﬂl EH?& olsh, ®2 BIARAL,
ONSEHE 53t 2 -%f%ﬁ} ®F% AT &
o), @FFE A7l —La} @ONSF 2026 &g7]ukr
HA=(NSF 2026 Fund) S°]ich.

n=Re 7k 1EATAEHDARPA) ZRAES B
M, AUE P AEF A7E Freshy M7 @
Auckes 44 wske 27993, 87159 43E
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Table 2. 9 Disruptive Technology Trends For 2019
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Disruptive Technology Trends For 2019

e Web 3.0 (Web 3.0 will use Artificial Intelligence to make search smarter.)
e Simulation and digital twins (as a useful way to digitally represent physical assets)

o The Market of One (the use of personal data to answer the specific requirements of specific customers)

e Edge computing (edge computing involves a shake up to the traditional topology of a computer network)

e The voice economy (an entirely new ecosystem of marketing, branding and consumer engagement with the voice)

e Strategic automation (the combination of automation and artificial intelligence to automate business processes and drive effi-

ciency in organisations)

o Ubiquitous Al (the presence of artificial intelligence in all of our machines, applications and processes)

e Spatial computing (technology into the real world using augmented, mixed, and virtual reality)

e Quantum computing (the unparalleled levels of computing power offered by quantum)

% Source: Disruption Hub (2019), https://disruptionhub.com/disruption-trends-9-for-2019/
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Table 3. Grand Challenges and Moonshot R&D Programmes, by Country

Country

Grand Challenges & Moonshot R&D Programme

e DARPA (Defense Advanced Research Projects Agency) Programme

o NSF 10 Big Ideas Projects
USA  eNIH Common Fund (CF)

o SBIR (Small Business Innovation Research) Projects
o ARPA-E(Advanced Research Projects Agency-Energy) Projects

EU ¢ EIC, European Innovation Council Pilot Programme (Horizon 2020 — FET(Future and Emerging Technologies))

China

® Moonshot Future Projects (the Large Hadron Collider, Limitless Energy from Nuclear Fusion, the World’s First

Mission to the Surface of the Moon’s far Side, Third Space Station by 2022)

e The Moonshot Research and Development (R&D) Program
Japan ¢ ImPACT (Impulsing paradigm Change through Disruptive Technologies Program)
o FIRST (Funding Program for World-Leading Innovative R&D on Science and Technology)

Korea e X-project of NRF

71, @F710-E o= AR, @438 1]
98l SR HFAIFL F3I17E? SOItHDARPA,
2019b)(Table 4).

A A2 #3E DARPA A=A 73] (Prize
Challenges) AlelZ2 IHAsEA dAHA
(Subterranean Challenge)’} ITHDARPA, 2017). A
AR (Sub-T) AAA = HIAYPAE F2 7Fe3l=
5 4713 id e X6k ZeE, JIFHY A
2l 24 5 Qlee) dAdsE WEHAE vEe &
ek A8t g At A4 wig, g g hA

pulde)
Ped HAHQ) AL EstRlE ol &
A wwsh A3t B4 e @alel S B @
A e = ek

n| = ZYPH A (National Institutes of Health,

Table 4. The Heilmeier Catechism

The Heilmeier Catechism

e What are you trying to do? Articulate your objectives using
absolutely no jargon.

e How is it done today, and what are the limits of current
practice?

e What is new in your approach and why do you think it will
be successful?

e Who cares? If you are successful, what difference will it
make?

e What are the risks?
e How much will it cost?
e How long will it take?

e What are the mid-term and final “exams” to check for suc-
cess?

% Source: Heilmeier (1975), as cited in DARPA (2019b).

NIH)S NIH 3%7]%(Common Fund, CF) =&
S A Y3 ATHNIH, 2019). CF= A4 Fxpd el
A9 vEFaEsrle 713, 3R] WA, 5E5]
Az 7EA7F ' A, NIH AHAE7E Ak =
A7 718 T ol=E A, 510 el A1,
AT T2 THHE AAst

I Sk B CF Z2adEdM 0 33 HAYR
ol4r 34, 773 Aol tigh A= ofal] 7|=d,
2755 AT, mRE g AR Ay
4 5ol $48 02 AL JAcKTable 3).

u]= o|X] 5 (Department of Energy, DOEY= 2009
W] DARPAE WlXw}7 3t Advanced Research
Projects Agency-Energy(ARPA-E) 2138 2143}
A THARPA-E, 2019). ©l=t oz 4l ZzAE
(ARPA-E) 2138 200995E 2018d714] 66071
ZRAE 189 S FUSIAL, TV ZRAES]
25t A3} 10971 Z2A 7 FR7)ds) sEY A
F2 & RS @At DARPA Z2AHE
¢} 2] ARPA-E Z2AEE x| EA31A] ZE= 7]
solHA Tt HEE Zlso] oiH, dAlY s
£ W2 JIER veo] BE F e I Nes
A SFSIATHKIER, 2015) (Table 3).

olo| <M, w|= 3}&}eld(National Academy of
Sciences, NAS)S] A28} Al AFH-4A4 21 3]
= o EAFQ AR g9 10d Bt 543%
ol o] o8-8 g AAFsHEoke] tskAly
of ot FHFAER Ox7] A+A+E, @8-334
Wi 598 2 g B, Quesed WMy
) M3

R, AR 4E
9 7159] 3% 13h @A} <19)
H (<]

wstol sxshE FHAGAEA W, OFFR3
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I 22 HsldPgolA Aslet B E¢8 52 £
SIATHKiIm et al, 2016; NAS, 2011).

=y A2 NSF 2026 ololt]o] mAl A}
o]E(NSE 2019)& 53, #3t4 ¥t 71x=dT
off thet wl=9] odtlE AAsh=t =] H& o}
oltjo] AR E Fstar k. ofe|rjo] 27] A
P AR7NEL A5 2R, 2 ofoltez 7t
T sk o3k A7, JPEEZAETL ofue}t A
A, 718L] A3 AAE "o ERA A7 Fol
on, HF AXNE 7} ololtlole A FAA
ol AR A - ey g, WAl o8l sHAEE 23
717 SEVA, 34, AN o AEESI
vl= o 2USHO EHASUIA AlQTeE AR
(Geomimicry) 58 BRI A= ALE, AW
ol 4 A (Repurposing, Recycling, Renewable Energy),
2F 8248 (Public CCS), a1 A (Imagine a
Life with Clean Oceans), HIZFE™ A7} A<
23D, H71EGE AAHA World without Waste) 5
5 33 TR LEHJACHNSE 2019).

3.3. fHEHS =X AL &S

EU019)°] <13 Horizon 2020 EU Ztjel <
TFYA T2 oo, 7d59H(2014-2020) °F 800
FEE FABl Ad@Hdr wplog & ofojtjojs
st gr)dolm AAIHZSY AHE FEs= A
olt}, 3t =HE%(3 Pillars)% Horizon 2020 AFs]24]
A (societal challenges)S &A| 2Waly e AL
A 34, B TS BE A F4, 7xAt
ARE dYslel ol2s dwrEd g Tl S
T2 FHOE F3] Fot}. o]9] eiFARE O
Ast, @2, wiE AERbEE A% 94, Bt
L A GRPgAolaL RS R @A A &
& 55 O71FHslel AYEE O A F3ol
it} Horizon 2020 84 €<YA A (excellent
science)oll & ml#l#-7]&Future and Emerging
Technologies, FET)| A==, S A4 A
o] gle 271N oleltjo g AMElE LEEFET
Openy-t2 A5, 23 #7714, MEMS 5< 5
A7y AL, M2 FEEREE S48 A% 2= AE
H(FET-Proactive) &2 YAks8}, IASHFE 5
A7FA7Y o, ek =AIAE &5 104 7+
#3l= Ze) 14 (FET-Flagshipoll M 22, 917+
IZZAE Z9o| A7} EEEQTHTable 3).

o © & d

;

—

. AQ=F

1=
O 01

34, 379 =Y AFNY &S5

A2 53 FAskZr)el EAazEAEE FUgX
(Moon village)S 7RH sl A Hx §2 SEAIA,
Ho] =20 G oo} 2E JAIET] 22
AEES FAFo|th T2 20163%F A|133 Ar)e
570 A8 (2016~2020y AL =71 =
WollA "eojup A=A 94 2AE] gk =71
o] AAA FAPAS EAKOE AAstaLA;
Ack. Al 60 FHH e Z2AER Pl -
7RZERL, ASAE71A] A, dRF BAl -
AF, F7F AtolHERE, ASFEHAL . 54 A EF
Alzdls A, Ul SUEEoEE TAPNY,
AegA g golg, 2nE s, SR gA
s} AR, ddold, AFIRE, THALA A
ke 38, 537 smo)- A ey AR Aot
THKISTEP, 2016) (Table 3).

China Matters(2017)°l] w2, F=-2 5] Moonshot
HjEgf7le Z2AE 31 Folrh. AR, T2 202047}
A AA HATFE 50~100 km Ale]] PAREE71E7)
Ad FolH, B4, T 201630 4 ZEk=v}
Aol osl], Bide] FAHED ¥ ZAL 255 T
vl g 50 ool AFFAUAE o]galE L
A Zo|th. AlA, 20300l Al EolollA AlA Ax
37] 3l F7EEARE A A EEE Aetar, ol
A T2 FHTT=0] @71A Moon base) 35
71’4 9 Moon villageE F315hH, tHslAl, 203043
3ol Rel9FAE Bl o go g 20203 Bl YA
7193 Fgks AT ok

=
0]

=)} 20189 THE AR ZeEdTAE S
st BE AE 2A7ied 53 22 g3
PiRE Ex = At eEE =X F slaL
Atk g R&D Aike] 80%0)d2 71l )3t &
ztoln], &4 71e82le] ofle} 7199 ol& FES

oy 7

, ARz ey A%
selo] Ao ok 4 Ig). 201840 F
B 8404 A 37 2222 (mPACT)S )
AHo| T opl AL WFA - F

HAH o=z FRek= EA58 R&DE AESIITHTable 3).
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9](Council for Science, Technology and Innovation
of Japan, CSTDE F4l0E IANA L 502 31
sk WAolt), R ARGl =4 A
TN SRRk} AFEHS Fale] FRstaL, g
714218 7] F(Japan Science and Technology Agency,
ISt 2leyA 44 714E3 /717 New Energy
and Industrial Technology Development Organization,
NEDOY’} 3l A+#AE A hdh= W2lolth. 46
A AL 20199% ©F 1,0009] & EHE (-
g 8002 <l + AAAEAE 2009 <l S)EkazAk
stk 7182 A4 =2]¥ R&D FA| A= EF
2 2%, T58Al 283k X57]s0] /dd
W71 A%, VRE 1819 M9} tistsh= 71410
o, Ao} veks Bol FV|ERH A8FE Y §
o] THCSTI, 2018; CSTI, 2019). olv] S5 &
A4 Az s 73 (mpulsing Paradigm Change
through Disruptive Technologies Program, ImPACT)
S v]5 DARPAES Wix|npgsle] 7% a3z o
YalA AxE A3 APrdS AX Al si5oH,
Asak FEA 5 s TEeRE dAlske E1
W BAEAE AN, ToT 23ore] 7971 1184
H-HoJEE Az - B4 2 YulojE A 2E
W, AHLA - AHHE HofellX T dst-s S2H4
o2 #AZY F dv= FAMT @ ol (Synthetic
aperture radar) 9471 52| A3E HAtHCabinet
Office of Japan, 2018; KISTEE, 2018).

rl

3.6, 2EYH MEI|Ye =M AR &S

Z24 719 7F(Google LLC)E X7]oll& A
ATE ‘Google X’= WA o, ‘the Moonshot
Factory'Z W73t 2uU=lz 717] 93k Azt &4k
7] (MoonShot Thinking)& 10% 7AA=XE Hoe=
100 JA s}, A)stA sle Baigt 3 Eah,
AR R&DS| HXE FEA SR 10% ol AAsh=
ARt =44 532 ol 71siEs fla 100)
ol galo| =dsle Aoz s vt EAAe
At} 24912 (huge problem), #2242 &5 (@
radical solution), £]7]1%]¢1 7]&&AXl(the breakthrough
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technology)elgh= E4< zH dth. 27F Google X
o] ©44 A= F FH2(google glass), T2
HE Loon(EA719t QeI AH| & Z2AE) 2317}
e AL+ A5 A(self-driving car), ZE2AE
CalicoG* 5004 914 Z2AE) Z2AE Verily(d
o] Uyr] Aol x73}), Makani(+22] Z2u]3) 2
Z7]), Dandelion(X| €& ©]&5 Wi Al=gl) Fo
I THKAST, 2019; X-the Moonshot Factory, 2019)
(Table 5).

g QA APl e s B3 A7)
AAGS F5 ek, AAFY - AR 53

— H

Fe#e}, &g, she), AuAs ol

F FEREORIA o)A ola =Rl AT
BA wEste] 3713 AdeR® she, 2018
d 7R 6 7F F46670 A A, 5942999
A A (7,300 Aol olF KTt 466HA= 712
38t 164, 2A)7]1%E 144, ICT 158241 5 ©ith
(SSTE, 2019) (Table 5).

Alibaba= DAMO(Discovery, Adventure, Momentum,
and Outlook) =278 Fal, gejuput 252 2=
ATE AL ok A @ 27 7)eE
A5 2o TZAN AYE TR AlA| 4=t 7
EATAE NS Fe HEA 9 ATLES B
Fal], 3d7H2018-2020) R&DF-¥-0l| oF 1509 =]
(17x210099 4%) ol FAstazt st vlold
(data intelligence), IoT, HE|=L, UAHFH, A+
FH A3ZEHCD) 5 2EHolH Azl 7]& 3
Z. wAlEd, MESA Bel, HFd HFHY, AAoA
g 59 #olE HFHSHL SUrh(Alibaba, 2019)
(Table 5).

4, XK Pelutat XEXRE 241 e

L

2 FEATATe] X ZeA ey 201685

Table 5. Grand Challenges and Moonshot R&D Programmes, by Company

Company Grand Challenges & Moonshot R&D Programme

Google Google X, The Google Moonshot Factory

Samsung Samsung Science & Technology Foundation (SSTF) Funds Projects
Alibaba DAMO Program (The Alibaba Research Fellowship)
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