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Article history:

In this study, we have developed an index suitable for determining nanotechnology

Received 1 June 2016 competitiveness. The analytic hierarchy process is used to compared Korean
Revised 29 July 2016 nanotechnology competitiveness with nine high-ranked countries in terms of
Accepted 2 August 2016 OECD GDP along with China, India, and Russia. We fund Korea to be ranked
fourth among the twelve countries. Despite Korean high rank, it has some
Keywords: problems with regard to infrastructure and industry development. To become a
Nano leading country in nanotechnology, Korea needs to strategically invest into
Index research capabilities for nanotechnology, support industry convergence based on
Technology competitiveness nanotechnology, and increase investment into infrastructure development. The
AHP findings of this study will contribute to enhancing nanotechnology-related
policies and research.
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Table 1 Nanotechnology index

Sub-index Detailed indicator
nanotechnology paper activities the ratio of the amount of nanotechnology
nanotechnology paper influence investments to the amount of government
study activation investment investments in technology development
level o activation the ratio of the amount of nanotechnology
nanotechnology paper citation rate investments to the amount of government and
Tech- Indust private investments in technology development
. us
nology number of nanotechnology triad Y
patent ripple patents
effect nanotechnology triad patent
. ol P market share global market share
influence
commer- number of cases of
cialization commercialization
number of researchers consumer product activation level
human resource nanotechnology
number of cases of support for .. .
level . . o use level utility concentration level
high-quality manpower cultivation
Infra- related number of enterprises Socio- | nanotechnolo . o
. P EY convergence industry capability level
structure |organization level number of Fabs economy |convergence level
. number of universities environment concentration level
educational ber of ; ted nanotechnology
o number of government-suppo .
institution level g L PP EHS level safety concentration level
research institutes
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Table 2 Demographics

Table 5 1st dimension (sub-index)

Sexuality Age
20s 3
Male 26
30s 16
40s 10
Female 6
50s 3

Table 3 Distribution of distribution of industries in which the
experts are engaged and related industrial areas

Engaged industries Industrial area

Nanotechnology device | 23 Semiconductor 29

Nanotechnology process, Display 5

measurement: equipment

Mobile communication devices | 1

Material (chemicals, metals,

. 7
Nanotechnology-energy- | ceramic)
environment New & renewable energy |
(sunlight, wind power, etc.)
) Medicine/bio 1
Nanotechnology material| 1
Other 1

S Oulde] YBAE Table 73 20] 0.004222 -5
Efgton, obgigol 7 F8% 84F JERT

Table 8- o9} 22 7FaA] 4 W8-S F3hsto] YeRiia 9l
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VERALE 2012955 AT EHA Bl=o] 110, F=0] 123 5 57t
HE ior|e] YEEe] /M Z0 ERIEY, g 34F
=9] W7} %i% Ao F FAEGIL

7P Wi =8 (7P =2 9985/ 27PE =

Inconsistency 0.06091
Name Normalized
Technology 0.661
Infrastructure 0.163
Industry 0.109
Socioeconomy 0.067

Table 6 2nd dimension of technology and infrastructure sub-

index
Technology sub-index Infrastructure sub-index
Inconsistency 0.01437 | Inconsistency | 0.09645
Name Normalized Name Normalized
Paper activities 0.193 Number of
Paper citation rate 0.172 enterprises 0744
Study level 0.209
Number of triad patents|  0.270 Nm;’:g: of 1 0256
Triad patents' influence 0.156

5E5) / (AA =5 9018/ A =E S22 ALkl
20l A7) 1 ool HEHU & o] =Ro7 B
o} 201 1% 1]=S 715(100) 02 J& ull, F=o] 95, &

2 5o Yepton, 3k 7002 9HAZ YERITE 2012
ol 337} 95.4% 1=(94.9) AT, YE(64) U202
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Table 4 Experiences of respondents

Companies Role Engaged years of the role Engaged years in the industry
. o 1-5 years 12
SME and its research institutes| 1 Researcher 28 1- 5 years 14
6-10 years 11
Other research institutes 27 Manager 6-10 years 12 11-15 years 4
Universities 1 Administrators 11-15 years 4 16-20 years 2
21-25 years 1
Other 3 Post Ph.D 16-20 years 2
26-30 years 1
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Table 7 2nd dimension of industry and socioeconomy sub-index

Industry sub-index Socioeconomy sub-index
Inconsistency 0.05182 Inconsistency 0.00422
Name Normalized Name Normalized
Global market share 0.155 Consumer product activation level 0.206
The ratio of the amount of nanotechnology Utility concentration level 0.184
investments to the amount of government 0.536 .
investments in technology development Safety concentration level 0.230
The ratio of the amount of nanotechnology Environment concentration level 0.161
investments to the amount of government and 0.309 Convergence industries' capability
private investments in technology development level 0219

Table 8 Result for analyzing rank and weight

1™ dimension

2" dimension

Rank (weight) Rank Weight
Paper activities 3 0.193
Paper citation rate 4 0.172
1
Technology (0.661) Study level 2 0.209
Number of triad patents 1 0.270
Triad patents' influence 5 0.156
2 Number of enterprises 1 0.744
Infrastructures

(0.163) Number of Fabs 2 0.256
Global market share 3 0.155
3 The ratio of the amount of nanotechnology investments to the amount of | 0536

Industries (0.109) government investments in technology development ’
The ratio of the amount of nanotechnology investments to the amount of ) 0309

government and private investments in technology development ’
Consumer product activation level 3 0.206
Utility concentration level 4 0.184

Socio- 4

fet i .
economy (0.067) Safety concentration level 1 0.230
Environment concentration level 5 0.161
Convergence industries' capability level 2 0.219
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Table 9 Comparison (Research and Study level)

Table 11 Comparison (Enterprises and Fabs)

Paper activities |Paper citation rate|  Study level Number of enterprises Number of fabs
2011 | 2012 | 2011 | 2012 | 2011 | 2012 2011 2012 2011 2012
Korea | 4413 | 4913 | 0982 | 0988 | 4332 | 4854 Korea 23(2) 232) 24(4) 24(4)
Gh | GH | O | (O | @D | @Y USA | 1,067(100) | 1,067(100) | 645(100) | 645(100)
14464 | 15951 | 1407 | 1336 | 20354 | 21,310
g g > g J 57(5 57(5 61(9 61(9
USA 1 ooy | 110y | (100) | 95) | (100) | (105) apan ©) ©) ©) ©)
216(20 216(20 146(23) | 146(23
; 4223 | 4182 | 0.887 | 0906 | 3,748 | 3,791 Germany 20) 20) 3) 3)
A 00y |29 | ©3) | 64 | (18) | (19) France 41(4) 41(4) 34(5) 34(5)
Germany| #136 | 4279 | L1146 | 1174 | 4761 | 5,005 UK 19(2) 19(2) 30(5) 3005)
Y @) | 6o | @ (83) (23) (25) Italia 148(14) 148(14) 140(22) 140(22)
France 2,864 | 3,008 | 1.057 1.175 3,027 3,535 Canada 76(7) 76(7) 49(8) 49(8)
@y | @) | @3 | & | 45 | d7) Austrailia | 40(4) 40(4) 67(10) 67(10)
2266 | 2,340 | 1331 | 1300 | 3,015 | 3,043
’ ’ ' ' ’ ’ i 40(4 404 234 234
Ul ae | ae) | 03 | 02 | as) | s Ch“_la @ @ @ @
Halia | 1933 | 2068 | 0984 | 1008 | 1901 | 2,085 India 460 460
13) | (14) | (70) (72) ) (10 Russia 13(1) 13(1)
Canada 1,624 | 1,791 1.193 1.094 1,937 1,960 Data: NANOWERK, www.nanowerk.com
an | (12 | @5 | (78 | (10 | @0
Ausirailia] 1350 | 1446 | 1298 | 1342 | 1752 | 1941 Table 12 Comparison (Global Market Share)
©) (19 ©2) ©5) ©) (19 Non-normalized (%)
Ching | 13448 | 17809 | 1160 | 1192 | 17.923 | 21232 oo
107) | (123) | 82) | 85 | (88) | (104) 2011
lndia | 3988 | 4488 | 0805 | 0.808 | 3211 | 3625 Korea 4.505(10) 4.505(10)
@) | G | &7 | 57 | 16 | a8 USA 45.045(100) 45.045(100)
| 1,855 | 1,929 | 0411 | 0496 | 762 | 956 Japan 22.523(50) 22.523(50)
Russia |3 1 a3y | 9 | 35 )
( Germany 6.757(15) 6.757(15)
Data: National Nanotechnology Policy Center, 2013, 2014 France 6.757(15) 6.757(15)
UK 3.754(8) 3.754(8)
Table 10 Comparison (Triad Patents)
Italia 1.502(3) 1.502(3)
Number of triad patents | Triad patents' influence Canada 1.2013) 1.2013)
2011 2012 2011 2012 Austrailia 1.201(3) 1.201(3)
Korea 89(5) 83(4) 0.370(26) | 0.356(25) China 5.255(12) 5.255(12)
USA | 1,957(100) | 2,171(111) | 1.420(100) | 1.415(100) India
Japan | 421(22) | 381(19) | 0.340(24) | 0.362(25) Russia
Germany | 153(8) 155(8) | 0.375(26) | 0.259(18) Data: WorldBank, IMF
France | 148(8) 1598) | 0315(22) | 0.275(19)
H, B 20129 o] 1 0] AT = A0 ek
UK 62(3) 54(3) 0.34925) | 0.301(21) |, F 2L Sl Afste Sl Aee
: o P4 AFE FEANE F3o] 71 B FE2E UeR
Italia 15(0.7) 190.9) | 0.091(6) | 0.035Q2) o ol oo, = o o ol on 7
Canad: 52(3) 714) | 0.468(33) | 0.428(30) ROF, WY F2& 2 5] o ol R A
anada . . - -
— = Uegth 4 A5 358 A, 20124950 59
Austrailia|  25(1) 22(1) 0301(21) | 0.289(20) H110] 2z0] WhEl L 4uA) 22 UERIT, 20130
China 33(2) 44(2) 0.753(53) | 0.733(52) Zz0] nj@e] 528 GAE Aoz et
India 302) 301) | 0.608(43) | 0.04403) Table 169 2)E vie} o] 3t A9 492012
Russia 2(0.1) 1(0) 0.171(12) 0.000(0) Wol| S3o] 714 w8 =23 YeRiEd), 2013\ 0 1 &0

Data: National Nanotechnology Policy Center, 2014
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Table 17-& A A&l tgh 7PE vlwxo|t). 7|& F2of

Glat “@l*ih E’]iﬂ g2 %/H% Hol1 9ltk. g9

e P, T3 9 Holal gtk /l=Ze HedAs vw, "B R
S99 &8 Holx itk }Q 3A 011/‘1“ Dl% T3] =9E HolaL Slrk ARRIEA
Hzol| M5 gl o] Fopell tht 2=2]Ql Fero] Bagt

Table 13 Comparison (The ratio of the amount of nanotech-
nology investments to the amount of government
investments in technology development and to he
amount of government and private investments in
technology development)

Rnog {%EJ%E}.

Table 189 Ael¥ Hle} #o] BE =71E HlalshH 2011139
789 wlEe] 7P #& =9lell Uehar §lom, Sl I vl
Z YeRttt Jeu 2012900 F0] Pl A Z10F g}

The ratio of the amount . W F=o] B 4 S92 EAE0E, o Uhrle £k
of nanotechnolo The ratio of the amount of _ a6, FAl4 o aEke. o o]
. £y nanotechnology investments off TRk Hoh g2 #Als FAE Hadke oulditiy & 4 ok
investments to the
to the amount of government
amount of government . . . . L
investments in and private investments in Table 14 Comparison (Consumer product activation level)
technology development
technology development Non-normalized
2011 2012 2011 2012 2011 2012
Korea |0.448(124) | 0.493(136) | 0.059(129) | 0.064(142) Korea 135(21) 135(21)
USA | 0.362(100) | 0.308(85) | 0.045(100) 0.038(85) USA 653(100) 741(113)
Japan | 0.499(138) | 0.535(148) | 0.043(94) 0.044(97) Japan 56(9) 56(9)
Germany | 0.063(17) | 0.075(21) | 0.009(20) 0.011(25) Germany 307(47) 313(48)
France | 0.160(44) | 0.171(47) | 0.022(48) 0.023(51) France 33(5) 30(5)
UK 0.370(102) | 0.419(116) | 0.035(77) 0.035(77) UK 90(14) 90(14)
Italia 0.242(67) | 0.286(79) | 0.032(70) 0.041(90) Italia 13(2) 12(2)
Canada | 0.348(96) | 0.452(125) | 0.038(85) 0.040(89) Canada 17(3) 16(2)
Austrailia | 0.350(97) | 0.395(109) | 0.046(101) 0.043(95) Austrailia 21(3) 19(3)
China | 0.062(17) | 0.059(16) | 0.011(24) 0.009(21) China 58(9) 57(9)
India India 2(0) 2(0)
Russia Russia

Data: WorldBank, IMF, UNESCO

Data: Project on Emerging Nanotechnologies

Table 15 Comparison (Utility concentration level, Safety concentration level, Environment concentration level)

Utility concentration level, Safety concentration level Environment concentration level
2011 2012 2011 2012 2011 2012
Korea 959(44) 1,043(48) 989(31) 1071(33) 408(28) 425(29)
USA 2,182(100) 2,499(115) 3,209(100) 3,515(110) 1,459(100) 1,528(105)
Japan 562(26) 617(28) 774(24) 815(25) 484(33) 502(34)
Germany 549(25) 558(26) 739(23) 774(24) 301(21) 359(25)
France 426(20) 520(24) 577(18) 615(19) 292(20) 298(20)
UK 275(13) 335(15) 436(14) 502(16) 192(13) 217(15)
Italia 344(16) 388(18) 431(13) 528(16) 174(12) 204(14)
Canada 282(13) 300(14) 367(11) 402(13) 188(13) 201(14)
Austrailia 252(12) 353(16) 295(9) 375(12) 150(10) 210(14)
China 3,202(147) 4,369(200) 3,373(105) 4,250(132) 1,393(95) 1,734(119)
India 873(40) 1,190(55) 868(27) 1,162(36) 417(29) 489(34)
Russia 131(6) 165(8) 142(4) 185(6) 91(6) 90(6)

Data: Thomson reuters

350



Journal of the Korean Society of Manufacturing Technology Engineers 25:4 (2016) 345~353

4. 24 &3 ot 3 a5 afH|
B ATE r)go] /L S AAEe] 72 st
7] $I% Ve A5 e SRSt therlee PRl 2
WFs42 7K BobaA AAFOE ge BYL mom glon,
EAje} @77} HEH D ook et o|eid vherle) b
A Y10l of |l ofe] tfd AT FAp} BaF A4S

AARE

olea vhe A58 A7

A7 A uph gk

g5l AHsl] Slalas =7be )

A= %7}7} 5471 Flai A= o2t Xl#% %ﬂl A3t & da
7} olem, =Al71Teke] HxE Bl vl el ddd
AAE AET Bert gn R v A A $47] 4
A A7} e =8 /PR oWl ol AR £35S 7]
o 3= Aol gt BFE AT Aoz A ol v

Ao A Ax8} 5l Z=e] RS wol7] HshMe dd A

2&H 07 o]2o)d Way}t Q). o] YN Uir)% e M T AT AT Tholl ek =ojeh 35t B 7} o) 7
2 H a7} 9tk
Table 16 Comparison (Convergence industries' capability level)
Non-normalized Table 18 Comparison of nano-index
2011 2012 Non-normalized
Korea 1,238G31) 1,335(33) 2011 2012
USA 4,042(100) 4,224(105) Korea 9.13024) 3.131(13)
Japan 1.021025) 988(24) USA 38,831(100) 22,375(58)
Germany 1,022(25) 1,080(27) Japan 7,99021) 4,786(12)
France 764(19) £02(20) Germany 10,333(27) 6,321(16)
UK 510(13) 573(14) France 5,853(15) 3,857(10)
Ttalia 454(11) 530(13) UK 3. 731(15) 3.5859)
Canada 31(11) 240(11) Italia 3,838(10) 2,545(7)
Austrailia 338(8) 421(10) Canada 3.5210) 2,233(6)
China 4,091(101) 4,931(122) Austrailia 3,341(9) 2,219(6)
India 1,066(26) 1,515(37) China 37,780(97) 24,883(64)
Russia 418(10) 510(13) India 5,717(15) 3,867(10)
Data: Thomson reuters Russia L737(4) 1,2503)
Table 17 Comparison of sub-indices
Technology Infrastructure Industry Socioeconomy
2011 2012 2011 2012 2011 2012 2011 2012
Korea 13,72824) | 7,671(13) 23.256(2) 23.256(2) 0.957(13) 0.982(14) 776(32) 835(35)
USA | 58263(100) | 33,347(57) | 958.936(100) | 958.936(100) | 7.190(100) | 7.159(100) | 2,418(100) | 2,617(108)
Japan 1201121) | 7,163(12) 58.024(6) 58.024(6) 3.771(52) 3.791(53) 600(25) 616(25)
Germany | 15,521(27) | 9,448(16) | 198.075(21) | 198.075(21) | 1.084(15) 1.091(15) 612(25) 646(27)
France 8,800(15) 5,777(10) 39.207(4) 39.207(4) 1.140(16) 1.146(16) 437(18) 472(20)
UK 8,663(15) 5,381(9) 21.817(2) 21.817(2) 0.791(11) 0.817(11) 315(13) 360(15)
Italia 5,740(10) 3,779(6) 145.951(15) | 145.951(15) | 0.372(5) 0.399(6) 295(12) 348(14)
Canada 5,283(9) 3,333(6) 69.086(7) 69.086(7) 0.385(5) 0.441(6) 267(11) 282(12)
Austrailia | 5,020(9) 3,316(6) 46.914(5) 46.914(5) 0.388(5) 0.411(6) 219(9) 284(12)
China | 56,892(98) | 37,313(64) | 35.647(4) 35.647(4) 0.851(12) 0.849(12) | 2,521(104) | 3183(132)
India 8,578(15) 5,756(10) 11.780(1) 11.780(1) 668(28) 906(37)
Russia 2,609(4) 1,868(3) 9.671(1) 9.671(1) 165(7) 201(8)
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