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Abstract

I. Background and Purpose

[] Since the fourth Industrial Revolution emerged as a hot issue at the 46th Davos
Forum held in January 2016, a change in the paradigm of economic and social
structures has been accelerated by the development of Information and Communi-
cation Technology (ICT), Artificial Intelligence Technology, etc., and new models of
new-growth industries surpassing existing economic concepts have been making

appearances one after another.

[ ] In the age of the fourth Industrial Revolution, it is considered important to provide
new solutions by interconnecting and integrating objects and ICT, and the importance
of such method is also emphasized particularly in developing new high-tech materials.
O The rising of the fourth Industrial Revolution makes new materials more important

as “Key Enablers” for the realization of the revolution.

- In order to realize generic technologies represented by Internet of Things (IoT),
Big Data and Artificial Intelligence (AI), micro sensors and convergent high-tech
materials, including materials for artificial intelligence semiconductors (Al semi-
conductors = materials for very large scale integrated (VLSI) semiconductors) and

materials for 3D printing, are essential.
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- In order to upgrade existing key industries, such as steel, machinery, motor
vehicles and aviation, it is imperative to preoccupy key materials that have not
existed before, such as artificial intelligence, ultralight materials.

O Meanwhile, new high-tech nano-materials have drawn keen attention as a consequence
of the development of nanotechnology, which can be termed as “disruptive emerging
technology” which has made it possible to express new properties since the late
20th century by micronizing substances into nanometers.

- The application of nanotechnology is essential for devices and component materials
that will play an active role in the coming [oT/Al age.

O While advantages and benefits from the application of nano-materials are expected,
the formulation of regulatory systems emerges as a global regulatory issue to
respond to problems caused by inhaling nano particles into human body to the safety
of the fields of production and research and adverse effects on the environment,
health and safety (EHS) and ethical, legal and social issues (ELSI) arising from
new properties expressed by micronizing substances into nanometers.

O The material industry in the Republic of Korea has many structural problems, such
as small scale of business, low productivity and low capacity for technical deve-
lopment of related enterprises and non-diversified export items. Among others, a
series of measures taken by Japan to tighten up regulation on exportation of
materials by reason of significant damage in confidence between Korea and Japan
since July 1, 2019 have been severe blows, increasing uncertainty in the economy

of the Republic of Korea heavily depending upon key materials from abroad.



O In order for the material industry of the Republic of Korea to survive in the rapidly
changing international competitive environment, it is urgently required to formulate
an appropriate system of regulatory legislation for developing an environment in
which various forms of support can be provided for research and development of
new high-tech nano-materials and industrialization and commercialization of such
new nano-materials and consumers can securely and safety use products related to

new high-tech nano-materials.

[] In the energy industry, a new industry related to generation, transmission, distribution,
circulation and consumption of energy has been emerging as a consequence of the
introduction of discussions on digitalization, decarbonization, diversification, etc.

O The Paris Convention adopted in 2015 proposed a target of “limiting the increase
in temperatures since before the Industrial Revolution to less than 2°C and
achieving carbon-neutrality by the second half of 21st century”, and the first master
plan of the Republic of Korea for climate change response also proposed a target
of reducing greenhouse gas emissions by 37%, compared to business-as-usual
(BAU) levels, by 2030.

- In order to achieve such international and national targets, efforts in the energy
industry have a great significance.

O The development and use of small power sources, such as solar energy generation
or wind power generation, can diversify places of power generation and will exten-
sively contribute to the stabilization of systems for transmitting and distributing

electric power.

SINYISU| UDIeasay uone|sibeT ealoy
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- Large base-load complexes are concentrated in the areas outside Seoul Metropolitan
area, along the eastern, southern and western coasts, and thus there are limitations
in the system under which electricity generated in such complexes is supplied to
consumers through high-voltage transmission lines.

- In stead of supplying electricity from large power plants, consumers have their
own power generators to make them able to trade electricity between consumers.

O Such effect as improvement of electric utility business by installing smart meters
through digitalization is merely a minor change in the energy industry and may
cause a change of renewing the value of the energy industry.

- What makes consumers able to recognize utility is not electricity itself but cool
air, movies, or dramas provided by air-conditioners, televisions, etc. operated by
electric power.

- It will be possible for enterprises engaging in any type of business other than
conventional energy business in the energy industry to enter the energy industry
in full scale, or a change will arise in the energy industry so that energy com-
panies can provide various services.

O Decarbonization, diversification and digitalization in the energy industry will be
able to create a new market by drastically changing not only conventional methods
of the production and use of energy but also the sense of value on energy.

O In such background, it is necessary to improve systems for the newly emerging

energy industry by presenting schemes to improve regulation on the energy industry.



[] Based on perceptions of the problems discussed above, this study aims to present
schemes for improvement by systematically analyzing the current status of regulatory
policies and legislation in the areas of new high-tech materials and the new industry
of energy, which emerge as new growth engines for the age of the fourth Industrial

Revolution.

II. Major Contents

] The study on the improvement of regulatory legislation on new growth industries was
planned as a three-year project (2017 through 2019), and the objects of the study are:
® ICT convergence; @ smart city and bio health care; and @ new materials/

components and the new industry of energy.

[Fields of study by years]

Year Fields of study

Al (Artificial Intelligence), Virtual Reality (VR),
Ist IoT (Internet of Things), smart devices, wearable
ICT convergence . ) o
year devices, 5G mobile communications, autonomous

vehicles, etc.

Smart city (Section 1) Smart city technology, smart city infrastructure, etc.
2nd
) . Bio medicine, regenerative medicine,
year Bio health care (Section 2) o . o .
individualized medicine (precision medicine), etc.
3rd New high-tech materials (Section 1) | New high-tech materials, nano-materials, etc.

pal New industry of energy (Section 2) | New industry of energy, etc.

SINYISU| UDIeasay uone|sibeT ealoy
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[J The 2019 study, which is the 3rd-year study for the improvement of regulatory
legislation on new growth industries, focuses on new materials and the new industry

of energy.

Themes of 2019 study and methods of performance

Section Theme Details

- Policies, legislative trends and limitations on smart

cities of the Republic of Korea and foreign countries
Section

1

New materials - Schemes to improve regulation consistent with
the direction of implementing policies on smart

cities

- Current status of regulation on bio medicine/
regenerative medicine/individualized medicine (pre-
cision medicine) and analysis of problems

- Analysis of regulatory policies and legislative trends

Section of advanced countries in the field of bio health

New industry of energy

2 care, such as the United States of America, the
European Union and Japan

- Schemes proposed to improve regulatory legislation

on bio medicine/regenerative medicine/individualized

medicine (precision medicine)




[J In Section 1 “new materials”, an analysis is provided on the domestic system of

regulatory legislation on new materials, one of key growth areas and the key for the

creation of new industries in the fourth Industrial Revolution, particularly the

domestic system of regulatory legislation hindering the development of the industry
of nano (carbon) materials applying nanotechnology, among others, and main pro-
visions and problems of relevant legislative bills pending with the National Assembly;

a comparative analysis is provided on the latest regulatory statutes and trends of

policies of advanced countries, such as the United States of America, the European

Union and Japan, on nano-materials and nanotechnology; and schemes are proposed

to formulate a rational regulatory system for creating a basis of regulatory legislation

on the industrialization and commercialization of new technologies for nano (carbon)
materials.

O Recently, the development of new materials to secure national competitiveness in
the age of the fourth Industrial Revolution has been becoming more important than
ever, and competitions over technologies and markets for the material industry
among the United States of America, the European Union and Japan in the global
market have been getting fiercer day by day.

- The powers in the material industry, such as the United States of America, the
European Union and Japan, implemented the "Material Genome Initiative,, the "New
Material Development Project,, the Mnitiative to Develop Substances and Materials
Integrated with Information and Communications,, etc. and have invested a huge
amount of budget for the development of new materials, utilizing Artificial
Intelligence, Big Data, computational materials science, etc. to foster the industry

strategically.
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- In the Republic of Korea, although the competitiveness of its material industry
in the international market has been increased by implementing initiatives for the
development of the material industry in full force, based on the Act on Special
Measures for the Promotion of Specialized Enterprises for Materials and Com-
ponents, which was enacted on February 3, 2001, various limits in the domestic
material industry, such as substandard infrastructure for the research and deve-
lopment of new materials and difficulties in commercializing the outstanding and
innovative outcomes of research and development, are still revealed as a con-
sequence of the measure taken by Japan to tighten up regulation on the exportation
of materials.

O Meanwhile, nano-materials can be referred to as representative new materials that
can promote new growth for the future and national competitiveness.

- The risk of exposure to nano-substances has been increasing more and more for
the last two decades due to inhalation, intake and conveyance through skin or
medicine as a result of the use of nano-substances manipulated through the
appearance and dramatic development of nanotechnology.

- Nano-substances/materials can affect the health of human body and the envi-
ronment due to multiple reasons, not only uniqueness in chemical composition but

also nano scale in a micro size or with a large surface area.



Advanced countries in nano-materials and nanotechnology, such as the United
States of America, the European Union and Japan, have supported research and
development of nano-materials respectively through the "National Nanotechnology
Initiative;, the "Toward Nanotechnology Initiative in Europe,, the "Initiative for
Promotion of Nanotechnology and Nano-materials,, etc. in order to reduce po-
tential risks of nano-materials and related products and extensively enjoy benefits
from such materials and also have formulated and implemented various schemes
through policies and legislation in order to keep balance between safety and
regulation by defining terms of nano-substances, establishing a registration system,
preparing testing methods for safety assessment and techniques for risk assess-
ment, introducing a labeling system applicable to products containing nano-
substances and ensuring safety control in workplace.

Although commercialization and marketing of products containing nano-substances/
materials or products made by applying nanotechnology have been accelerated in
various industries, policies and legislation of the Republic of Korea on regulation
with regard to safety control of nano-substances/materials and nanotechnology are
still inadequate and fragmentary.

Hence, it is proposed to establish a system of regulatory legislation for safety
control of nano-materials, such as a system for safety assessment of nano-
substances/materials and nanotechnology during the whole service life of products,
including assistance in research and development of new materials, including
nano-materials, international harmonization of the definition of nano-substances,
and research and development, production, use, and disposal of nano-materials and

nanotechnology, considering industrial aspects.
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[J In Section 2 “New Industry of Energy”, the current status and trends of the new
industry of energy is examined, the history and current status of legislation on the
electric power industry are analyzed and introduced, and the current status of
legislation on energy is introduced. Changes in legislation and related industries in
Japan are introduced as a foreign case, and regulation on the new industry of energy
is proposed as a conclusion.

O The concept and scope of the new industry of energy are not defined systematically
and comprehensively.

- It is found that they are understood at the present stage as a method of listing
projects for which major targets for vitalization have been established, but
characteristics and types can be identified by roughly separating the new industry
of energy in terms of the supply system and the system of providing services in
the future.

- The new industry of energy can be defined as an industry in which decar-
bonization, diversification and digitalization, which constitute the direction of
policies on the new industry of energy, are added to Security, Economy, Envi-
ronment and Safety in the supply and demand of electric power, which constitute
the direction of policies on the electric power industry.

O In the new industry of energy, including demand response markets, ESS (Energy
Storage System) integrated services, electric vehicles, solar light rental, etc., regu-
lation on the electricity market exists as a the most important barrier or regulation

on entry to the market.



- Although “the basic system of the electric power industry has been reformed”
according to the Electric Utility Act, as amended in December 2000, by “classifying
electric utility business into electricity generation business, electric transmission
business, electric distribution business and electric sales business” to introduce
competition in electricity trading and by introducing the electricity market system,
making legal division possible in the power generation sector of electric utility
business, it fails to achieve the separation of ownership.

- The 2018 amendment to the Electric Utility Act permits the registration of
businesses of charging electric vehicles and small-sized electricity brokerage
businesses “in order to facilitate investment in the new industry of energy,
diversify electric power suppliers and promote convenience of electricity users”.

O In connection with regulation on the electricity market mentioned above, the “libera-
lization of electric power” of Japan is introduced as Japan has a similar structure
of regional monopoly or vertical integration as that of the Republic of Korea.

- Through the liberalization of electric power, which had been implemented step by
step since 2000, Japan began to liberalize all sectors of the industry, including the
low-voltage sector, in April 2016.

- Through the liberalization of electric power, large companies engaging in any other
type of business may enter the market and the energy system is diversified.

O Proposal of a scheme to improve regulatory legislation on the conventional energy

industry and a scheme to improve regulation on the new industry of energy.

SINYISU| UDIeasay uone|sibeT ealoy
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- As a scheme to improve regulatory legislation on the conventional energy industry,
the change of the direction of policies on the electric power industry, the harmo-
nization of the direction of existing policies and new trends, the introduction of
a competition system to the electricity sales sector and the establishment of a
multi-stratified and diversified structure of supply and demand of energy are
proposed.

- As a scheme to improve regulatory legislation on the new industry of energy, the
consideration of the energy industry as a convergence industry, the resolution of

problems in the pricing system, etc. are proposed.

[J The 2019 study on the improvement of regulatory legislation on the new growth
industries (II[) aims to enhance the qualitative degree of completion of the study on
convergence and share and diffuse the experience in research and outcomes therefrom
by seeking advice individually from experts in science, technology and theories and
practices of economics relating to the new material industry and the new industry
of energy and by holding workshops, etc. of experts for interdisciplinary and industry-

academy-research joint research on convergence.

I. Expected Effects

[] Establishment of a basis for regulatory regulation for promoting the development of
technology to the level of global advanced countries by supporting expeditious
industrialization and commercialization of innovative technologies in the new material

industry and the new industry of energy.



[] Contribution to the formulation of schemes to improve the regulatory system and

regulatory governance in the new material industry and the new industry of energy.

» Key Words : Fourth Industrial Revolution, regulatory innovation, new high-tech
material, nano-material, new industry of energy
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nl=o] o[y raA Als HE e

T S . ZFM IACT e &
gl AxNN WHAS Ewslels e 27t BAEe] Yk

it
ol
ol
2
oA
rAl
l~>
=
=
11
14
0
o
Y
Zi
O
HU
rTO
ol
ol
v

n)=2o "4 Ax A, FAL 9ste] Frhatsehr]49] Y3 (National Science and
Technology Council: NSTC)] 7|&9|¢d]o| BELzA AAAEAIZ R
3]’ (Subcommittee of the Materials Genome Initiative: SMGI)E | 3t}.124)

119) EXECUTIVE OFFICE OF THE PRESIDENT NATIONAL SCIENCE AND TECHNOLOGY COUNCIL,
Materials Genome Initiative for Global Competitiveness, June 2011, p. 5.

120) Materials Genome Initiative, About the Materials Genome Initiative. <https://www.mgi.gov/> (2019. 8. 31. %
1—1_/;\_)

121) m)(2) A B2 28} (Barack Hussein Obama 1) THEHL 20114 69 242 7h|7] W2 tfste] A4lo] A
“2ouf) w2 Ao WA, A 9 wiAE A Lsh] fleiA A Al olUMEIR e REE AE dAsP|R
FCP(To help businesses discover, develop, and deploy new materials twice as fast, we’re launching what we call
the Materials Genome Initiative.)

122) S 9, AR, 434 AL 0|1 7, 13%; KBS NEWS, THAKI® “olt]2 7joetar @i o
A 73, 2019. 9. 14, <http:/news.kbs.co.ki/news/view.do?ncd=4282569&ref=A> (2019. 10. 8. & H%).
123) WT &, WHRASEME - MERFEA =77 +7 MI"2D D#EA. (https:/jom.jsiam.org/13883/) (2019.

6. 21. AF HH)

124) Materials Genome Initiative, The First Five Years of the Materials Genome Initiative: Accomplishments and

Technical Highlights, August 2, 2016, p. 1.
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w32 2 A WS Boto] ARt 24 20 We] uct AL vigoz Hd
ARAE A, Az S iAoz n=o Az el 7108 Aez Z|diska 9l
t}125) A7) Al M2k A Fofel]

My

7
L & oF A R uFY )E 4 D AT A
AGALA] TR, A, AT L S 145 ok o] BAT R&D Ame} FAE

Ao Qe

ll

@) 24 Ak A=F Foj7ie

FaA Als e AR, 2sA, oA, B AIEA S olsiEARE odste O A=
& A=Al et 75, @ e B =7 51 94, © A A= 1Y &
She Aot 127 "2A] Alw A=k, o Fofshs tlEA £ - 7] 3
3==’(National Aeronautics and Space Administration, NASA), ‘oJ|5{ X4’ (Departments
of Energy, DOE), ‘=t (Departments of Defense, DOD), “=31}SHA| - (National Science

-

(o]

Foundation, DSF), ‘ZE7|&94 (National Institute of Standards and Technology,
NIST), ‘11-5A 2 A= (Defense Advanced Research Projects Agency, DARPA), ‘H|E ]
7 - AR 7]& AT 7R (Networking and Information Technology Research and Deve-
lopment, NITRD), ‘"] Z]AZAA(U.S. Geological Survey, USGS), ‘SQFH =(National
Nuclear Security Administration, NISA), “A}2]2F="(Food and Drug Administration, FDA),
‘m] 87 (U.S. ARMY), ‘7] S22’ (U.S. NAVY), ‘H] Z=°(U.S. AIR FORCE) S°]t}.

125) EXECUTIVE OFFICE OF THE PRESIDENT OF THE UNITED STATES NATIONAL SCIENCE AND
TECHNOLOGY COUNCIL, MGI whitepaper(Materials Genome Initiative for Global Competitiveness), p. 16.

126) Materials Genome Initiative, About the Materials Genome Initiative. <https://www.mgi.gov/> (2019. 8. 31. |
1—1_/;\_)

127) EXECUTIVE OFFICE OF THE PRESIDENT OF THE UNITED STATES NATIONAL SCIENCE AND
TECHNOLOGY COUNCIL, MGI whitepaper(Materials Genome Initiative for Global Competitiveness), p. 16.
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@) 24 Als A=) T4 2ok

nl=ro] raA] Al A=, e A SHAeR HladE A - S48 she

Hop thewt g Aot

b =F7RIEE 3 24

0] = (Department of Defense) % =17 AS(national defense laboratories)< A4
el I7 Exfela QLT 0]5 ATAEL AFHT A, A7AA, A A7 H bt
o] Q thAA] FollAle] detsle] WA dstal ik W] SR = FhE Hosial 7
517] flste] HAAAE o8t et AAlE =71 e} wAtt 11 8o of2] JHq
A F8% g 5ol

o]
1 9t} AR (Critical minerals)©] 1 T)E2]Ql of|o]c}.128)

(th B4 - BEAE 9% &A

H A (prostheses), 1587 ](artificial organs)2} £ AJA| 4= (biocompatible mate-
rials) T8 g2 HE Ho5t] fote] AAH Ho &4 o|277tA] 1% 9 B[4
et ZAIE o dstol olof Mool Weeh B 8- wofol Taljd Atstar ek
Q13 =<=H(Traumatic Brain Injury)e H56}7] flote] 19t HaArf= 5454
1T Z2 o] A Ao A A o]elE TPt Shte] oo

(Th AR 2E AL 2t 24
A A YL st AGo tist o]E S Zo]= Z1Q] m|=2o] =y} AHA 24 &

91 % shtolet. AATE vl QAR ] LS 915 o S5t S, o T

128) EXECUTIVE OFFICE OF THE PRESIDENT OF THE UNITED STATES NATIONAL SCIENCE AND
TECHNOLOGY COUNCIL, MGI whitepaper(Materials Genome Initiative for Global Competitiveness), p. 12.
129) EXECUTIVE OFFICE OF THE PRESIDENT OF THE UNITED STATES NATIONAL SCIENCE AND
TECHNOLOGY COUNCIL, MGI whitepaper(Materials Genome Initiative for Global Competitiveness), p. 13.
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A4 AUAIE Bold7] St SF B, M= 1as =HYd FX(solar photo-
voltaics), FtH-& oL 2] 7 A=A (portable energystorage devices) 52| AJAHS I3t 417]

=< TSk As =2 & 0
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= o}

=

F£

A

(1) A2A A mEAEY] 54 . £

UM AT AXH FHATL 20159 119 195E 2018 10¥€ 31L71A] A4A
RS $Jote] A4 7HEH(Novel Materials Discovery Laboratory, NoMaD) Z2HE &
ZA8) gt "AAA g Z2AE | = THORIZION 2020, ¢4 9 §4 =2 7319
dgto g 2% A o= ‘HORIZION 2020-EU 1.4.1.3.° StollAl & 4 910 624,48 G=9]
o4te] HiA = ik

@ A A Z2AE] E8

TR A TRAE o ofaA AE AR A4 @A A AN A

A} = 37}eHComputational material science)oll TeF |t AFA2A] 4= gt 79] F4 9
Aol ofgt ¢13 Bl obSE mhdS "L Qlrk TR Y mRAE, AFAA ol

P53k o5 walo] ok WAt o R Zrketa Qlhi

130) EXECUTIVE OFFICE OF THE PRESIDENT OF THE UNITED STATES NATIONAL SCIENCE AND
TECHNOLOGY COUNCIL, MGI whitepaper(Materials Genome Initiative for Global Competitiveness), p. 13.
131) o] Z2AE ] Fr]y|o]E}= MAX-PLANCK-GESELLSCHAFT ZUR FORDERUNG DER WISSENSCHAFTEN
EVoltl. European Commission CORDIS, The Novel Materials Discovery Laboratory. <https://cordis.europa.cu/

project/rcn/198339/factsheet/en> (2019. 10. 10. FF &)
132) SCOPE - THE NOMAD COE, The NOMAD Laboratory A European Centre of Excellence. <https:/nomad-coe.ew/
index.php?page=centre-of-excellence> (2019. 10. 10. FF H%)



Ao 24 B w4 @ || 109

20| ¥ thFAAd RS 9t F83 EFE AleT Ao JHE QTR ELL
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133) European Commission CORDIS, The Novel Materials Discovery Laboratory. <https://cordis.europa.eu/project/
ren/198339/factsheet/en> (2019. 10. 10. & H<%)

134) European Commission CORDIS, The Novel Materials Discovery Laboratory. <https://cordis.europa.eu/project/
ren/198339/factsheet/en> (2019. 10. 10. & A%

135) CORDIS(Community Research and Development Information Service)= -+ P ALS7F F-H e A+
2 A Z2ad A dsid Tlgs T2 ZeAES F£8 Ao ZUX|o|t}. (FP1 to Horizon 2020)
<https://cordis.europa.eu/project/rcn/198339/factsheet/en> (2019. 10. 10. & HZ)



110 || Arm aageor

.92

(1) BESATHIEL - A=A Akl 4 - 34

&2 20119 ] QuputiEo] Alsta, 201210 AAH o= MAGH TaA] AR
A ofl A wob 20159 7€ 1Y THRFATHIEL - A=A Ak (Bwins
RME - MEIBRR 1 =3 77 1 7 (Materials research by Information Integration Initiative,
MRl 7P E s AER ZHAZ o] ZEAEE ‘FHANTHY =4 - A=
AT (ESLARTFIFIEAME - APRERTTHAE, NIMS)E MH o= oF ‘S AAE
He Aeb e 871F (RHE R REAE, IST) TIAIS| BASA YA (f /= 5
YT RERIREH)I36 F i mrAEoH,

136) 5171638 7)79] “FAS| BFE2 AR 201595 E 20199714 & 53 54 ARY7Ie R 51, o
2o 93 F4E Z7517] SleiAl HPAF TS FHoR & SAs|H A 2 olF B FHATAT
Helo] 71%70*; S 2407 gk

137) PHEELZIFRICEAL 2RZMEEORS, MNEERNS, 20165285, HRHBETIM, p. 45.

138) TPHERZEFRICRAL LRMEEDIRS, p. 46.

139) PHERZEERICRAL LREMEEDIRE, p. 47.

140) THERLZIFRICRAL 2 RMEE~DIRS, p. 50.
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REENFFRLY - AL 2, S el Agsiel Aze B - Az
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o APATE F35k7] I G FA S8 AY FHS BEL Fehun)

() BUBNEAIEY - AL ek FHROF D FoisB

HHEASHRR - A e, 2AAAR, AR, ALAIR e

37N Iz AAstal, A1, 719, ek sierEae] ol Al ARl Heist=
Az =] ATh14)

B #117](2015-2017): o8] ZSAZ0] At . Hu), 370 T A Q] Al Q] 3 (g
) A%, o] 2ICT 87, ols|BA S5-& Eehe] Au] - A

I A1271(2018-2019): HloJe] Z2E0] A2, 370 AAoA 2] AdFAt A, At

B 43712020~ ) Ellole} EHES 24 24, Amfd &40 Ao Al 55
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r (3
el
2
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)
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() BEENEAIEY - AT o] At

FEENFYRLY - AZAL A2, AREE © AFHA] I heelFole
ARG A BIA A AL, @ ol ARkl olgt s Alo] AEAL thzE Az

141) T &, HRESLME - MRBIRA =2 7 7 4 7(MP2DDOFBA <https://jom.jsiam.org/13883/> (2019. 6.
21. _q}_ Z—M:)

142) A 22 <http:/www.nims.go,jp/MIL-I> 3. (2019. 5. 30. & F%H)

143) RERT / MWG XEREEMTIREF S2E, BHRASIMNE - MRBEREA =2 T 7 4 7RI HW»
T &R2-2, 2851 A26H, p. 8.
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@ 71Alk5ol ot XA AEAA R A AR, © ol t7IseEtk Aol 2

gt 240 A et A9t stollM o] A frelTxe] B Fo] HaEgirhies

144) (RIEER, WERMARIE - MBBIR A =277 47, M2l 70 =7 } ) —%— /NIMS, 201944 5248,
pp. 15-19. (https://www.jst.go.jp/ihub/files/1_nims.pdf) (2019. 6. 1. FF HE)
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L U, YeBE - LA 9 LNEe) i

Ui Jg2ol2 WAolE E5he Ui A(nanos)oll A Uit Lz B4 “Ilmm2)
1007H22] 19] 27]” T “1mQ] 10218-9] 19] A717(10-9m)E WERAE. o] w7t
#719] 107H29] 1Y Aeg 7Hsy, SHE R 1009H) o 2o, $a] 2o] 7|EEd
olgtr & & Sle Tl DNA 5 H]SRE F7]o]th145)

Ilm = 1,000 mm (E]u]E)
1,000,000 pm (9Fo]ZLE &)
1,000,000,000 nm (VHcH]E})

UL B2 AUk 0 2«4 nmof| A 100nm Ae]2] B247,146) “Ute el I LhicAfo]
22 H F47,147) “Inmo|A] 100nm Ate]] YleAAL A EET EAL 717 B4 9
gjo] S 148 Wit 24-S YT 7HA] Z0H o] G50t moFo|ut Azt

Rl HO 1=,

145) G2, Yealelr|<] Ay 11 IgF 2008. 4. 3. <http:/snu.ac.kr/SNUmedia/campus_life?bbsidx=79780&
page=95> (2019. 6. 21. & H%)

146) =7 7|&AMAE, U], <https:/www.nnpe.re.kr/bbs/content.php?co_id=02 01 01> (2019. 6. 21. %=
1—1_/;\_)

147) Y24 23 o7 A 5 1, QI3H o7 & 4 It} Aida Maria Ponce Del Castillo, The

EU approach to regulating nanotechnology, p. 7.

148) ECHA, Companies to provide more information on nanomaterials. <https://echa.europa.eu/-/companies-to-provide
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mj5olc}149) oF 1~100 UHco]E] 37]4 %EOW o}
]'(bulk) BENRFE BHA BES A Aw M7 9 7| H BE|A %%}’5] £ %‘*%
12 4 QIehiso) ehaatE 0] 2012 B¢ (Graphite)S ¢

U thel 2 AGdsHH 7 E et 1008HLE Al BH AL B (Carbon Nano Tubes, CNT)7}
o} wEhel 28 ytkeziz] A& Ap2d Boxio g gt} 1515

N

N

nl=2] At E8]oka}t 2 A= mlThRichard Feynman)> 19599 wl= =2|8t8] 7}
Hof| A “HiFo= FE]F F7to] ITF(There’s Plenty of Room at the Bottom)™ ©FF-2]
27 BAS e FHE Frto] Qlrhsda grglozm) EAZ o 2 e Alfo] Auke
At 154 o] WA 9] AAMA 4~ ecm F7]9] AFT ARV 4 nm 7|9 EHA]
2B 2 9PHSPHA, 7ML E(MB 1,024KB), 7|71 HO]E(GB 1,024MB), El2hitolE
(TB 1,024 GB) A= H3ch159)

Lo <@g o] oulE 717 AR (material) S AEAZ] Aol U aA o]t tie i
£ 5

=
A= F2A e 100nm ool E8 = G2 Ato|= fiof mhE 22T

Whg4e] Z, Fuicte] EUz F0) 5ol ueh Ptk Al4 A T 5

-more-information-on-nanomaterials> (2019. 10. 14. & A<

149) A8l - AAF, Y 71e9] 4T 58 78 BA, = =1 Al17708, 2019. 9. 2, 2%,

150) NICNAS, Nanomaterials and nanotechnology. <https://www.nicnas.gov.aw/chemical-information/Topics-of-interest2/
subjects/nanomaterials-nanotechnology> (2019. 6. 19. % A%

151) Ae7A, g g2 Y27 Q24 Al HEeA] TB Al @ol, 2018. 10. 17 <https:/www.sedaily.conyNewsView/
1S5YSPZGGV> (2019. 6. 19. & HE)

152) 150m®] 4 SFHEUAE G2 pAZe vephdnt, @3, vleabelr|so) W 1 ), 2018. 4. 3.
(http://snu.ac.kr/SNUmedia/campus_life?bbsidx=79780&page=95) (2019. 6. 19. & A<

153) Richard P. Feynman, There's Plenty of Room at the Bottom - An Invitation to Enter a New Field of Physics.
<http://www.zyvex.com/nanotech/feynman.html> (2019. 6. 19. 2% %)

154) A-&AA, A9 g2 d=37] oA Az BEEA] TB At €ol, 2018. 10. 17 <https:/www.sedaily.com/
NewsView/1S5YSPZGGV> (2019. 6. 19. & A<

155) A&AA, A9 g& Ad=37] oA A2 BEEA] TB A’ €ol, 2018. 10. 17 <https:/www.sedaily.com/
NewsView/1S5YSPZGGV> (2019. 6. 19. & A%
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750l AL, 40] A o] DL 7PAS Aow FEEo] siek. o] o]
thege oa] Aglold B A4} B Ao JHEL Y, 3] ojoFE - 4
E - S9E JolNE thelePht thedtslE s, EoldFullerene), W heT R
ol LhrAlH(Eihin) So] BoaAzA ofn] A1 glekise

W AE T Helste] sA|d s F85E Aol gloh o, =4 227 ] (Inter-
national Organization for Standardization, ISO)7} ‘W E24-S ZFIF A& o tholjA] A2
s gre ool MER inEde BET AR JwEde droz il
(added)stAH, F2} (attached)A 7] A, g (embedding)ste] AZ$H A E7(ISO 13830)
< oln|git}.157)158)

St Syt 2015 7]Eo R 1259 YL Ede 7t 587.8% E(ton) Al
- Qstar Qitk. 2 FHEEY, ek olatehtA, Aldlotd Fo] e EH,

H
A - A - A - ERAA 5 TR 52 A FoIthis

kN

HEFE)
5 = 8 °
A 27 FUT AEFF
7HEEd 448,151 94,290 385,767 ZA4, F84 5
oj4tehtA 8,754 6,438 7,549 A7, aHNdYs, 2x4 5

156) &M i, 51| K&, 12 BR, /77 ) THVORERERICEIT 72 Nano-Safety Science #7E, BAELES
MEES 2010 F 65 & 4 5 p. 487-492 (487).

157) <ISO 13830> Products containing manufactured nano-objects : products in which manufactured nano-objects are
intentionally added, attached or embedded.

158) HI% 7|9t #7]%7]= o Aot =3joflA WeAlES WE ALolA ofsta= AErt St
(Herle7id S04 SRS, desod e, 2014. 5. 2). olo] H=H UeAlge U5 TE
SHog Yiehelo] 245 ARRSU UierleS olgstel Az &, 4 At 9 AT AdEre
olRte}. o]2fet WAl Fe] Aol Bafide HieAlEe] A Ui B9 =2 AT H St 9
a7 mgbetal Qlo] AuAA R fsitks wAIKol AAE v Q. =3 vl aaehdsEal
3], Herlerid £ dRNHES ARRIA, 2014, 11, 5%,

159) TAFA &5, A2k Uqbdde] S9A18(2017~2021), 2017. 2. 13, 4%.

el
rie ofN 19 o

X b
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g HEFE)
-+ B & =
H 2 YU A&
ArserEn|E 0 9 86 A
oj4to}E B 265 97 319 AR 5 elkle, )] =
Arsloled 974 270 773 FEA, AR T
AV B 0 146 135 AobA], A7) SAA
S A 43 2 23 SHAA|
[ZENBARAE] 14 4 10 A, 84 5
Al 0 0.25 0 -
S 0 0.0036 0 -
E4 0 0.55 0.00008 -
e 25,970 2,426 23,352 FHA|, HEAA
Al 484,171 103,702 418,014

* WAL S5, A2z vheohd ] F8A18(2017-2021), 2017. 2. 13, 4%

2. HETE HE R MAN RN Hise| IF
(1) Y=7l&9] /g

U AAE Aek4aa]7]49] shtel Uile 7|4 (Nanotechnology) 602 ©]&3to] 7t

o W7l 7120l (@ doho] ofd Alz-g sk(dAtelshe] 285 m, 7]E9] i}

o719 7idS Holdo] dAE 2= 71eRA 11 oo diste] HAAIA o= 1A

o] Ax)g szt @%EM A= grortien ub oz oe] | £330 AULS
&= Ixe} ]—1:]— 162)163)

FF
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|y
sk
=
N
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N
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160) WA ZEEAFAE T U (Graphene) 7H871%& 5 HdaA71&S 2147] dEHQ] 34 g4l 7]&<]
St H7Fskal Qlc}. James Manyika/ Michael Chui/ Jacques Bughin/ Rlchard Dobbs/ Peter Bisson/ Alex Marrs,

Disruptive technologies: Advances that will transform life, business, and the global economy, McKinsey Global
Institute, May 2013, pp. 2-3.

161) &3] 7| EHHEAYS], Yrr|&/dEAHe AER T, 2002. 10, 5Z.

162) [ulo]¥ Z]4Ju3H le7]% [nano-technology] (-3} <https:/terms.naver.com/entry.nhn?docld=1073866
&cid=40942&categoryld=32381> (2019. 6. 19. 4%— A8

163) m]=9] "=, 2 Ukrles AR X, 22 ¥ AAE G717 AsiA 27171 g
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herlee 282 FAHE A4S LhealH om: 109029] 1m) 27]9] o)A A
ofsto] T2E ZAFON TR BejH - 81 S15L T A4 - AAf B A

28 FESIE Ve SN S, Urled 9 Ao|zold 2de 2251

l

AAE WS 7FsoH obs e AAY AFdoAe] Ame MEAY H3dE &4
A S 548 ekl 4 9t 6 |4 B4 Lherol <2 nl4gt o]
A5 Mz &4 Tdohs 7]e166 e U X5 A3} - Z2E5 24t - Alofst
iAol B89 BUEAH 52 o|8ale] A2e 715, 940 54 ool 7]
&l6no|t}, &, Yl7]&-2 e r|E(billionths of a meter) F2 SAEHE AHaS A,
B4 9 2k Sk e 21 B Azl 2o AU HU 7HE
7F&sHAl stal 7]&9] 2 =4 9] i A (larger counterparts)®] T ¥= Afolet &
A . Sl - BEekE 548 b ARe) S Aokl Siekiey

0

Uherlee S48 thie] ohet 2]z RelsnE A, WA, 513,
ojof, A4, AR F Ui B9]e] BASo] AUsle T8 4 gl nE
% 9let Wherle AgHoks theat o] FHT 4 gtk

1~100 =Bl 2485 olsfst Alojske 7le= olsfsta qlct.

164) [BE 1% 41, SEREERIC BT 248 /K F 0 ) R 7 M BT BRR%E, HEZ2mER S IeiTF Rl
ZR4R‘E INIOSH-SRR-NO.40 (2010), p. 57.

165) U.S. Food & Drug Administration, FDA’s Approach to Regulation of Nanotechnology Products. <https://www.
fda.gov/science-research/nanotechnology-programs-fda/fdas-approach-regulation-nanotechnology-products> (2019. 6.
11. q}_ Z—L/:\_)

166) F/NEESFMABREE, + /77 /0y —DOFE L FNEEOL Y A RF v X, F/INAELV K-~} No.
2003-6, 200443 A.

167) F/NCESBABRED, /77 /0y —0OFO L F/NEENL Y X ZXF v+ A, F/NAELYR—F No.
2003-6, 200443 A.

168) GREGORY N. MANDEL, REGULATING EMERGING TECHNOLOGIES, 2009, p. 2. <regulation.upf.edu/
dublin-10-papers/4B2.pdf> (2019. 10. 18. #E )
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AT eid - AE] FEE AT AA 75 L Aot
A 27 o

* RSP RFAE BREE, “Ukr|ER oe uEE T 247 - TA3Y] SR EA R,
(18~27) &9 -, 2018. 7. 9, 10Z.

@) A&A A9 her)&e] 4

thesl&8 10819 2912 BM Q7404 UAjel 4] 2g4ele S Ben

o] oJujz] & Y& & S+= TAFY HY9® dv]7H(scanning tunneling microscope, STM)169)

-

ARl Fef(1985Y), TrAUERHE(1991), TeH(2004d)0] |2 HAw S,

2 SRR TSRS Wrho o]F Lher|4S ol 8ste] RA AFT Bh F4

UieZle2 A, ofof, A, oA, 23 3719] A2 & vt 2orellA] FReist

A S-8EAL ek

169) FAE G AnF2 Alm HHO|| M5 2ok &, M2} HEgg oy @YOREE AR 125
dotfE AnF-g getch ulolH 2 Awah FAte| Y= @An| [scanning tunneling microscope(STM)] (FAMH
T}y <https://terms.naver.com/entry.nhn?docld=1251933&cid=40942&categoryld=32251> (2019. 5. 19. XF H%)

170) AE&AA), A5 F& JAT7] o7A Az HHe A TB Alt)” doi, 2018. 10. 17 <https:/www.sedaily.com/
NewsView/1S5YSPZGGV> (2019. 6. 19. H& A&
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ol-§ 5= WA= oitetEeRg o Eylo] fel= 7h A'e] wids F7HA717]
Qe 8 o8 AMRHEHM), Ulerleg o 87t 2o AFHES] FY, ndE=T
Eol AEo] HG 58 Ty & QJrhiT)

il
Ir
9,

4
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ral

2

ax

o
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N,

o5l

iy

Ak

SJeRRofelAle] the]4e] S0RE AR7|E, A, BUFSALAAHDDS)
59 5 4 olrhin) oo A9 g S4o] Qo] B8-S Solv] Sl A

A2 HEaljof Skt of2fet A2 el Hlerle] 5801 7|0 4= JIH17)

il

2} (electronics) ] 7]ET Y] L= Uler]e 580 oA B 7153 AL Qi
IBM 2|42 AEHIBM Research Alliance, IBM, A/37%}, 2 2 Hok-2=2](GF)= 20154
MhenlEoe] A EAAAHE [0 EAAAHE o8t ARHVL ATRT
5 20 9 sl S0 SRALHE I A S el

© 100kl ot vlmsle A 18 A8 A Aol 4w FHST, AT A
Wb el o] 734 Pl A9 HREie, ol s 49 o] A5
A AnfEE S Bl 7719 el 24 AZio] )

Ha, A 2R7F A3 ol &2 ol RuHd 2eheEE B9l AlsHe A5 AE

—_

ol
1o
ﬂ
fu)
[\e]
&
=
e
<2
e
>
¥0,
X,

(Artificial Intelligence, Al) & UAIFF% (cognitive computing)¥} AF=<1E Y (Internet of
Things, IoT)S Elol8 HeFA oflEe|Alole] A5 it ¥l 7|& HH 9] 714317t

A4 4 gleki

ol Rotol el therle g0t AuAe A, Mgt AL 34 So
A 0% 52 5 4 9lek. ther|6-8 A sl A RopIAE o] §53 gliw, 1

171) HET2F /77 /789 — RRFRIN26-DORSANE <https:/pro.tanaka.co jp/elements/news_cred 2018
1010 0Lhtml> (2019, 6. 19. 2% A

172) <http: //commonfund nih.gov/nanomedicine/programhighlights> (2019. 9. 30. #& %)

173) A-&73A, “AAaA A, ZFA o] Yieng7hx] AmEol, 2019. 9. 30. <https:/www.sedaily.com/NewsView/
1VOG4E216X> (2019. 10. 1. FF H%)

174) A2, sue EAAEH A - 1BM - A4 - GF 34719, 2017. 6. 5. <https://www.yna.co.k/view/
AKR20170605081300017%nput=1195m> (2019. 5. 1. & &)
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= = ZE3 oIS ARgSte] L ofuel] AeE
AW Ukrlsg olgste] MRS aedor Add & e 7] BHE Ndet

L 5 83 3719 A2, A P ol ghrhTe

2001 19 mf=o] SHHPAR FA| TR "=7htle7|& 832, (National Nano-
technology Initiative)ol] T2 U742 0|80 24 “Ajo|A 9] th4-9] 4, E3]
A, A, W8, §EA, o, HMEA 55 S o= A 4 lal, Uk
7ol ofeiiAl SPgEC] Aoy S FIATIAY 23] FEolu Al 4

< W23} 2= 9Jrhi79)

= O

Seuber Yo 2ok 7]a4a2 2001'E 25%C0141 20099 75%= 20161 81%= HIEA|
FEHIL QU180 s vl B R EESls B E Y] SR A4

175) 5§56/ 77 /0y —, RRPKHIRINI26ODEANE <https:/pro.tanaka.co.jp/elements/news_cred 2018
1010 01.html> (2019. 5. 1. & H<&)

176) 5T 2F /77 /09—, RRIKIRIN26->DOANE <https:/pro.tanaka.co.jp/elements/news_cred 2018
1010_01.html> (2019. 5. 1. 545 )

177) oPFZ - AR}, Hrlas 83 27199 71edsd E4 24, 1465,

178) Y7]&. Y ]‘ﬂﬂﬂ‘ﬂb}. <https://terms.naver.com/entry.nhn?docld=2457045&cid=46637 &categoryld=46637>
019. 5. 1. % %)

179) 5§56+ /77 /0y —, RRPHIRINI26ODEANE <https:/pro.tanaka.co jp/elements/news_cred 2018
1010 01.html> (2019. 5. 1. & &)

180) P& BEAIR Badts, “Ukr|&R o= Hj2iE 3t &47 - "A37] 47Pt 7| & A2 (18~27) 5
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3. HERAARR] e, 37 R &Y

(1) YcetasAo] 7y

A (R 3R)18)= THolol2E, oA BIgd ©aA
7HHRE 94 F 2] SAAIE 7T S, E 11 Agte] g A, A REE
Zoket thokel BAFS JAJS) 11 715k A7) - AL 74|, 4, ek Hiole, o=
thokslt is4) BOIRTHE Safuelol A SHs}]

Aol A 15HA|R EHS BEAS o]8d}o] AxAl

ﬂd
e
mlo
-

ol
HF
pot
o

N
‘F
ol
-

o,
hu)

20417] SHE

EERETE

e

)
i

g 2147]0] ZA Sej, arheRy, TojHo] w0l BaA 15
oloh=E o] Z7kE]9ick1s5) Co00ltt €70 So) Eafelo} B EE
1

U 0, BHEU) BRI OE(EEE) g REE 19,
e 224 o] Bh Aol o5 FAse] hrgaen Hed

, 2018. 7. 9, 2&.
181) 2009 £45] Apestil |86 a4 drgol S91E/15 NS ool Qe W g 2o
O B 1S R olel 1 A% 14 Pl SRl A ekl Sl A2, ) 2]

o 01‘:]77]'1] AEo] 5 AL Agst AF 7, 2011. 4. 7. <https: //news.naver.com/main/read.nhn?
mode=LSD&mid=sec&sid1=102&0id=011&aid= 0002144242> (2019. 5. 1. FF HS) ; NAAAA, Ao, 1
g =4 - A S 71E - v[AA deby oAd Teid AR, 2019. 3. 11 <http://amenews.kr/
news/view.php?idx=38869> (2019. 5. 1. & H%).

182) =7hte 7| AAE, W 7|4, <https://www.nnpe.re.kr/bbs/content.php?co_id=02 01 01> (2019. 6. 21. &
@Z’\-)

183) BtA= F718E A4S &b YA 94 713E coltt. 97t MiE eHoltt.

184) TrA f#7) - EE MR - F0O M, -/ AR MR 2o H, BART AHAE $83%5 115 (2010)

185) AL KRR AKZE / EERMATBETHERN), +/ 71— K MBOF LSRN ZNRE~CNT - 7' 7
T2V BN~ =Ko ) F 2 =T - 7T 7 2 v ORI AIR., NTS. <http://www.photon.t.u-tokyo.
ac.jp/~maruyama/papers/|6/NTSO_Intro.pdf> (2019. 6. 1. HF &)
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[LheEtAATHO| 7|8t x]

* QEQAER, R, 2|3 v - A wreAo] eHAleH T, 2014. 7. 14,
(https://amkorinstory.com/86)

Zefd, ShavhoRn, e 5 o] 2 LhrehidAl vt 82K Hopo 2 o]l
A e A 0] AR AR 180 1 Solgt 12, 71%54 B4 50218 2147 A
2 AT B A2AZA, 71E AAE Al W R AAgHR @714, Hlol 2.0

o
of & TRt 2okl S8t Hold et S-87IE 7HE o= oAl Jlrt188)

@ theshaaAd 35 2 54

oh =4

E2{%(Fullerene, buckyballs)!89)-2 1985 Robert Curl, Harold Kroto, Richard Smalley

o] Ylr7]&2 o]-gsto] BEAFIT190) ZH(C60)S 1 St & LA Qe T, tho]

186) 7Rl &3] 49, 7|24 #o 7E wai A A-g8t (I, 219. 5. 17. <https:/nststory2014.
blog.me/221539680894> (2019. 6. 1. H& &)

187) Hisanori SHINOHARA, 77—V >, F/F =727 77 2> EREICERRTE 55 7, 8530 BARATL
fHBRFAAE BRIFHE ALRESE 4548 18, 20165, <www.jsao.org/tools/file/download.cgi/1851/45 15.pdf>
(2019. 6. 1. FZE H%)

188) =717 |&d 78] 24, Arlad B 7|& wavte A A-8sh Aok 219. 5. 17. <https:/nststory
2014.blog.me/221539680894> (2019. 6. 1. E H&)

189) Zfdllofgt o]52 Eejdllo] F-3 wolzts AoA 758 B2 w2 AAT A= ER. Buck-
minster Fuller, 1895~1983)2] o]5ollA whgtt. [do]H] Z]AJulul) €r4(C) <https:/terms.naver.com/entry.nhn?
docld=3572747&cid=58949&categoryld=58982> (2019. 6. 19. HZF H&)

190) Robert Curl, Harold Kroto, Richard Smalley= Z&dl TAE F22 1996 LHsIsHYS A3t
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o}ZE, Ul B oo] AU HaRA FTF 60710 Bh AR o]FolA 9
7 moo] E7w 2o AL 199050l AE N Dl olalA ¢
4o B4R HII, S P YA, A S0l GOl oRRE Solgt 7
ERADEARA §71stetelA 0] Bl BAzAo] 918 stk E5F hoke

35 x
SO BEAS WRe] Ege W Eelo] GAwolTt )

=

bl

¢

u] U

20039 ALl g FAYe] AT, £53 Seelolt el G
BAE AFOR G5 4 QU Helrk A2l f7]srarEerE, MzH st

(Perovskite)193)3] EfFAZ] 0] 1 2]4=8A | (acceptor) ZA] ZHHFLEA|7F A8} F|11 QT 194)

(h FAULERE
EFA LS H (Carbon Nano Tubes, CNT)= 199113-19931 A 0] 7] SJA(NEC) 4
< o|xut Au|Q(FEE H) AP FAFH. HAU L RE = Bo] siug H A(HF
LALED B Bels SAlheER ofd A2 B AT SR EX o
H B4 T H)o] Qi 1991 ] t(thEH) BAU T H (multi-wall carbon nano-
tubes, MWCNT), 1993d9] T(Hd4]) g4 B (single-walled carbon nanotubes,
SWCNT)E YA, 14499 eadlme FA =900 Qo Sa(ddH) gave i
H(SWCNT)= 19969 tiedeldnie] was d4o] Aurt =y, 7lstektzo] ot

WEA|S] H 99k B9 497} ke ool AF ey Azl AL 22

i

191) b FRCGERAZE / EERMREMETN), -/ 7 —K RO LA T L Z0RE~CNT - 7 7

T2 BRNC~ A=K F ) F 2 =T T T T 2 OIS AREERATRR,, NTS.
192) Al EREREKT / EERMHIREAIER), -/ 1=K MROF L LICRN L ZDRE~CNT - 77
T2V BRNC~ =K F ) F 2 =T T TT 2 OIS AR REIRR,, NTS.

193) 2 EAFIO|E(Perovskite)i= A, BIEA|, EA9] AL EE 2AE AA7IA] Hole B 119 F
& AglEg Rttt [vlolH A AT} w2 HATLO]E [perovskite] (FFEHEOIANA, 2010. 4. 14, FHEHE, &
Z47) <https:/terms.naver.com/entry.nhn?docld=1391375&cid=50316&categoryld=50316> (2019. 5. 1. & A%)

194) Ful EKRERKT / EERMHE AT, -/ 2 —K MR OFR LSRN H L ZNORE~CNT - 77
T2 YRR AR F S F a =T 7T 7 2 v OIS AR AR, NTS.

195) Ful EREERKT / EERMHR AT, -/ 2 —KR MR OF LSRN H L ZDRE~CNT - 77
T x YRR, A=Ky F ) F a =T - 7T 7 2 v O FIRTEREIR,, NTS.
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Azp7)E|o] AgtEnt o oy, o] wo] ©@AMAE 5] oty R Hol 479
10|82 Fad A= Ao 108 o, A= 780 ittt grA R E
2101

ol WAz Hee 30l 2 Aot Sk

(th 14
12 (Grahpene)!198-2 2004 WA AE TS| Konstantin Novoselov BTAF2} Andre
Geim W5 J1E0] A712] HIO|Z& 5.¢(graphite)= HIe]5to] HAT, o2 UxF=
1%‘94 T1eo] o] 2/4e] FxofA FAHO] WA EI} | Qlr1992000 TRl bA
S5 B EHn YU)F B gatteRH, the%0 A oA
Uri?L o] &4 FAaA| 3 TR EFT 4 Qlrho) A9 BE YLEAfRES
ChEeh 1] =F T By HeFe] ghAa Az; wjde] TEjme] ZRkekal glet. T1efd
SAUEREE Z7F @A fisto] AAXAY AU 4= 5

=

-

rr

196) AtE Aet=/AL23] &7, ©@a £, 7], 2018, 241%.

197) Hisanori SHINOHARA, 77—V ¥, +/F -7, 777 2> | EERICERRTE 22 7, 553 HAAL
s ake FRIAE, AT 458 15, 20165, p. 15.

198) Ll S¥(graphite)?} o5 ATS Kol HUlo] “ene’E A HWHEUCE [dlo]H AT &4(C)
<https://terms.naver.com/entry.nhn?docld=3572747&cid=58949&categoryld=58982> (2019. 6. 19. & HZ)

199) Ful KGR KTF / FEERMHR AR, -/ 21— KR ROF SR H L ZORE~CNT - 77
T eV ERNI~, TH—RyF ) F =T - T T 7 2 OISR, NTS.

200) Konstantin Novoselov BFAFe} Andre Geim W4~= 12 WAS 22 o|fH o2 w27 20104 LEE¢]
spahe At

201) As]E, 2HH 4249 e A}, A-Folobr] Vacum Magazine, 2015. 6, p. 46. <http://www.kvs.orkr/file/
story/2015_06_11.pdf> (2019. 6. 11. & %)

202) European Commission, Science for Environment Policy Graphene's health effects summarised in new guide. <http://

ec.europa.eu/environment/integration/research/newsalert/pdf/graphenes_health effects summarised_in_new_guide 48
si8 enpdf> (2019. 8. 2. HE F&)
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Jde 20 209 YAAFBAR 0 214 - sfeta] EAo] il SHal %
ghejo] ik e BEshe b ghe B, Telutt o A2 2 Audche
A7 (steel) Ert 100-3008 © Zsta, 71AA @I, BE, B8 2 =2

o
A 7] . 0&7& 5@205) = &E35 sLA %A—]% 7]-;{]_7!_ 9)\]:]-.206)

=24 4 e HZ2 2
A Ve 24 -

N A 130Gpa 734 .2] 200H]
d¥E 5,300W/mK 29| 134)
3¢ AjUL 108A/ cri T2 2] 10074
Az} ol5 L 200,000c/V's A2 29] 10084

* 28, A AaA TE e a5, KDBA 2, 874,
(www.itfind.or.kr/admin/getFile. htm?identifier=02-004-130116-000017) (2019. 6. 11. & <)
TR 22 AApof| ofet oot EAJofo] et g o] st 2.3%2] 7HA
F ol osto] Fotn|F o r WA 4 Sle T B A97F APEA Qi 1w
off Wt A= diete] AacA ] o] W= 5840 B AUAFE L= o sk
‘A% A8 U 7|%’(emerging translational nanotechnology)®] 3 ¢f|o]t}.207)

I

203) Ferrari, A. C. et. al., Science”and Technology Roadmap for Graphene, Related Two-Dimensional Crystals, and
Hybrid Systems. Nanoscale 2015, 7, 4598 —4810.

204) European Commission, Graphene and Human Brain Project win largest research excellence award in history,
as battle for sustained science funding continues, Brussels, 28th January 2013. <http://europa.eu/rapid/press-release
_IP-13-54 enhtm> (2019. 6. 11. & &

205) Ferrari, A. C. et al. Science and Technology Roadmap for Graphene, Related Two-Dimensional Crystals, and
Hybrid Systems. Nanoscale 2015, 7, 4598 —4810.

206) European Commission, Graphene and Human Brain Project win largest research excellence award in history,
as battle for sustained science funding continues, Brussels, 28th January 2013.

207) European Commission, Graphene and Human Brain Project win largest research excellence award in history,
as battle for sustained science funding continues, Brussels, 28th January 2013.
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* R, <Hoad] 2 - v SARE, 42 AR AR, 2019, 9. 3.
<https://www.hankookilbo.com/News/Read/201909031739382958?did=NA&dtype=&dtypecode=&prnewsid
=> (2019. 9. 25. FF HE)

2R SAhR R 7S AT 4 olrk o] Yo AHAoRE: o

Gl
Holer20s) T ¥ aAE 9714 - A7IACR ICTY 2 932 € & e
HAEE 7L Qo &, T Y e4E A2 7 AR FRekal, Ak
o g AREe diAlsiA Y &35 Mz 382 7FssA & Zolth209) TIed ICT
S |ol oy, £F, &7, 28 Al F8% 9= vd Zont210 |
< ICT AlFolA o) et viAlaxtel d2lE-s tAlske Ze st 204719] &
S AH 2141719 Aolze 247 2 Acw ZHEn 2 “Ad2E e =(Si)

EEl

208) R. Colin Johnson, 7" 7 7 = > MEREMEE % RIT T OTAEM. KA AH'EHE, EE Times Japan, 20135207 A25H.
<https://ectimes.jp/ee/articles/1307/25/mews05 1 .html> (2019. 6. 11. FF H<%)

209) European Commission, Graphene and Human Brain Project win largest research excellence award in history,
as battle for sustained science funding continues, Brussels, 28th January 2013.

210) European Commission, Graphene and Human Brain Project win largest research excellence award in history,
as battle for sustained science funding continues, Brussels, 28th January 2013.

211) European Commission, Graphene and Human Brain Project win largest research excellence award in history,
as battle for sustained science funding continues, Brussels, 28th January 2013.
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@ 2ol ojg B4, Beld - sjekAel T EC] v, she | SR chemica
vapor deposition, CVD)®] &|¢t FHAIE HeFA 0 2 ZIHE| Y Q111 212)213) T v} T ot
QB AR AUAARRA, vlol 2.0zl o217 A thE ofe 74 §
£2 $4% 4 g 7] Aaz Een ok

Ftol= SevEbt SAIRESFHIS0)l Aljte < 2#iH 241 EHS] B E 74 &
gl S o] SAlRE o R AFEH AL ofof] whEh BEA, tAEd|o], HEAMA, L
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212) Sl &%(%E\k% / FERBAHR AR, +/ A —R B0 LSRN E L £ DRE~CNT - 77
T eV EFRNI~, TH—KRrF S F qe—T 7771/@ﬂ?)ﬂﬁﬂnrﬁu%,ms

213) 22 249 %“38 ® H|o|Z1} Shear Stress 52 7Fot] =2]4Ql oz JdS H*E]OP‘ =94
gt ¥ (Physical exfoliation method), @ 74} "}E}Zﬂ‘:’ ol-gsote] Arels o] AxE Fet B FEs &
2 38E AA dES 9= 2FekA W (Chemical exfoliation method), @ X204 Ni, Cu, Pt S 2ol
gaol 4 BHSIE 348 502 718 90 =302 GG U, £4 5ol EAE 2L B
4 LO0TC o]ite] eao St okt B F AR Sohae] S99 SeUAES Eeel

AAstoteo] defj & FAok= 887|452 (Chemical Vapor Deposition), @ A2 7] =(SiC) 52 B4
27 ol G2, BRslol Gt ARE 15002 DA Bl 1o PN olmd 7
Hol qict. A5]4, Jﬂﬂﬂ‘_ 279 A dg, XFoloF7] Vacum Magazine, 2015. 6, p. 46-47. <http://www.
kvs.or.kr/file/story/2015_06_11.pdf> (2019. 6. 11. 2% &)

214) Bengt Fadeel, et al., Safety Assessment of Graphene-Based Materials: Focus on Human Health and the Envi-
ronment, ACS Nano 2018, 12, 10582—10620.

215) S} ALT i G2t B L SPPEE WA FABEOR AAEgc) FFLY, “HELA
8 - v FAEE, 92 AX1 *d@ 2019. 9. 3. <https://www.hankookilbo.com/News/Read/2019090
31739382958?did=NA&dtype=&dtypecode=&prnewsid=> (2019. 9. 25. HF %)

216) /1=K BB ORATEIEFE @I T, BBy -V K-, EXMRMREEA Hix
FLX — - EERTHASBIRME T}zm;ﬁkﬂl’lﬁﬁht, TSC Foresight Vol. 1, 20155101, p. 2.

217) European Commission, Science for Environment Policy Graphene's health effects summarised in new guide
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<http://ec.europa.ew/environment/integration/research/newsalert/pdf/graphenes_health_effects summarised in new gu
ide 48si8 en.pdf> (2019. 8. 2. & H&)

218) F/ =R U MRS B OBTEE R E 2@ Tp. 2.

219) Hisanori SHINOHARA, 77—V ¥, F/F =727 77 2~  EERICEBRTE 2% 7, $530 BARAL
flssF A s FRRIAE, AR 458 15, 20165, p. 15.

220) +/ H—K v MR B ORISR EICEIT T, p. 2.
221) F/ A=K MR B ORGSR EICE T T, p. 3.
222) F/ A=K Y MR B ORGSR EICE T T, p. 2.
223) /A= Y MR B ORISR EIC @ T, p. 3.



A3 .

£

o

A v wA ag || 129

W S cHE) Ay RFE
&) gAURHE v A Aito] golshal, 2l 5HAH=e] ArRZAY 5
of o] Agsr} X Qltt BAYLEEH | 9

Al Ax7e 5ol Aol

2B A APT SafeRae} g Rololx 4§t A1 Yrk

A %2 A(ndum)20E FHOE 3 A7} ol §HIIL Qg o] QL B4l
T, A gl $IEstch of uhe] Sl234 melg HAHde] o] 2
o Aol TRBE T hAAREA A 2A F2 W glek2s Folurks
WL olge AEe A7 Seltebt BHS Mol Hofoltt

T el

rr

RIEA] S0 #-87Fset s 7lext 1aer slzg 442 4 9
]

224) SQlE(Iny2 LA 49819] ARl Q2 A7l o] A 7L =t 6194 Hlaa] 8)91et golrt. [
olH] Z|AJMu} Q1E(In) <https:/terms.naver.conventry.nhn?docld=3574882&cid=58949&categoryld=58982> (2019.
10. 18. 2% %)

225) BA HEl, 777 2 OME L ZOR5H. <https://www.chart.co.jp/subject/rika/scnet/42/sc42-2.pdf> (2019. 6.
19. FF ¥4

226) 873, AW AaA 2E] 71esd, 95%.
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