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1) Andreas Peichl, 2008. The Benefits of Linking CGE and Microsimulation Models: Evidence from
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3) Eric J. Bartelsman and Mark Doms, 2000. Understanding Productivity: Lessons from Longitudinal
Microdata, Journal of Economic Literature vol. 38, no. 3. 7|21Q| OIAXIZE TAIGH A TA| AAHY,
2 S HA S MR dEst (EXQ 23 F SHto|0 ZHM0AM 7|ZMAH) & OMXEE
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4) Paul A. David, 2010. Zvi Griliches and the Economics of Technology Diffusion: Adoption of
Innovations, Investment Lags, and Productivity Growth, SIEPR Discussion Paper No. 09-016
(Stanford, CA: Stanford Institute for Economic Policy Research) Zvi Griliches, 1957/10, Hybrid
Corn: An Exploration in the Economics of Technological Change, Econometrica 25(4): 501-522.
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UNSD, 2018. Handbook on Supply and Use Tables and Input-Output Tables with Extensions
and Applications, UNSD, 2008, The System of National Accounts(SNA). AXES =8| Zx| EZ0|
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EUs 234 12IY MAAE(Green Deal Industry Plan)dt YKZ AH(Net-Zero

Industry Act)S LHoIL 0|5 Soff 8th sy7|=0f Ciet MEXIES Eiohl ACH

B3 ME HH|, M2 UY ST 6D ULk
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DAL= 234 SMAMRAE(Green Industry Bill, Law no. 2023-973) M&s Eolf
=t EXA 2 OHENE A=lS Ot QUL

el

DA = MU0 et Tletd =01l B, 24, HiEe], o|EEE 5 =0F &
Aol CHet 20~45%2] MMSHl ME=S FLotd AW &EH L0 e MAFX| =

4, 8 ot 7kt HE S

OF) FHLICH

U= 239 EEVIE EA MABAH H=(Clean Hydrogen Investment Tax

Credit)S ZECE. O] M=0f| 2t ULt HR= FE718-HME S0 et 30% Al
HSH|, L HA HATO0 TGE AHSH(15~40%) MAHSH, T H2 dis T

A &#H 16% Hlo—“ﬁ_'cslﬂ, HH=Z 7Is MZE 7192 ASAM Ik 718 AF(2029E —

20324) S LSS WHBH b} UCL1Y

MENDY I CIT0) BN NS MY SASHE S 27 AR0IN eI 71s Of
o Xole B2 012, SY, 517, DA, @2, $=0| 50| HEXQ 27|12
st

id =752 YEZEY 7S Ol sidr|ls= QAo dEAQ Ed& S+oks T
OIMSE AR HF0l HIHA7 = SANK| Chdet FEj2 ATUiLs Xotke UCH19)

Ot Of=, =%, T34, F=9 dHEZY JIg Y S =& U

=] o= © & g’% Amll’ I_ebdioui
(2022)2] 3. The uneven policy landscape for nature—inspired innovation.16) &

=2 tgs Qo g2

14) 20|, 048], MehE, 2023. ‘FR
15) 0|89, 2020. MEN=Y) 7|=o| St WM. =3UHEAK
16) Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to leverage

biodiversity for economic development.
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0|22 2 (Department of Defense), HIHXIE(Department of Energy), =&t
St = (National Science Foundation) S 5 £X7t MERE! J|& ¢S Mot

O||:_|-.

=ZEEOl DARPA(IS=RAH 2=, The Defense Advanced Research Projects
Agency), OIUXIES] ARPA-E(ISOH|LX|HTA; Advanced Research Projects
Agency-Energy), =EMSIXIHO| M5t |s X TZHME(The Global Innovation
through Science and Technology initiative) S0| CHEMQI MEjRH! J|& IS

FEole HE 7RI,

E£75| Johnson (2010, Z2IE: Amir Lebdioui, 2022), Kennedy S(2015, XQIE:
mir Lebdioui, 2022)01 M= O|=2H20| DARPAE MEHZEF 7| A0 748 &
2 NZE X¥ols HY 7|#He= HIIED D= d2stA 2 MEfZ2Y 7|=0i|A

o
YRS BT 4 U= MRS TSNS QUSOH DA Uk

>

Henningan (2011, XHQI&: Amir Lebdioui, 2022)0 2™ DARPAOIA FElot
Ue MEHHE T HP2E L S2A i T2 I#(Nano air Vehicle program)
O] LHEXNO|H HMF SSA AIKE 7HLU0TE 400842F 2 O EXI=UCES) EXt

CHAY @&l= AeroVironmentAtZt CHEZO|CY

Kennedy &(2015, XiQ1E: Amir Lebdioui, 2022)0f =™ DARPA= 0|2t H|=5t
H 45 22 g Z2MEQ| 85(BigDog) T2, MERY J|ut Al 7IE MY

SO0l FXAretr AUCHT9

17) Johnson, E.R., 2010. Reinventing biological life, reinventing ‘the Human,’. Ephemera 10(2),
177-193 Kennedy, E., Fecheyr-Lippens, D., Hsiung, B.K., Niewiarowski, P.H., Kolodziej, M.,
2015. Biomimicry: a path to sustainable innovation. Des. Issues 31 (3), 66-73
TiRIZ: Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to
leverage biodiversity for economic development.

18) https://www.latimes.com/archives/la-xpm-2011-feb-17-la~fi-hummingbird-drone-20110
217-story.html,

TIE: Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to
leverage biodiversity for economic development.

19) Kennedy, E., Fecheyr-Lippens, D., Hsiung, B.K., Niewiarowski, P.H., Kolodzej, M., 2015.
Biomimicry: a path to sustainable innovation. Des. Issues 31 (3), 66-73,

T2l Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to
leverage biodiversity for economic development.
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=9 HEQ Y BEXol HYuKATPE(Federal Ministry for Education and
Research)= ME{Z2H! 7|= [221 BIOKIN (KompetenznetzBiomimetik)
[m]

nal 2/
O 2001 Ol 19 2FE E2f OldE FAR 241 AT

|2t=2| HEXQ! BIOKONZ =2 W =2 2874

E 7

—_ -

o7 7|B2 BRISHD QOB TR VIS5 MYH U MefX JHX, 23N JKIE 5Y
—

ChH ZmafA

OHA HEE MY 7|2 SA9 =7t MEfFME XM2KStrat’'egie nationale de

transition ‘ecologique vers un d’eveloppement durable)S Of2Ast Ht QICt.

Vertigo (2018, ZQIE: Amir Lebdioui, 2022)0f E2H DA MB= ME{QE! 7|
=0 ZAMX JIX|0f F=5HH MEiZE 7|&2 ISt Nouvelle-Aquitaine X|i2Ho
GDP 7IX|E 5% 776Ht R201M 329 Rz= FMUJOH &4 UXI2|E 5,6267H

OlAl 31,0827H2 ZFARHC} 22)

Am

ol DA FREE=E MHZY Jls A7 MEQ CEEBIOS(Centre Europ’een
d'Excellence en Biomim’etisme)S 20144 NSt 0|8 &2 2%6 211 UCH

m
012t e dEZE 7|s & ISus D2HS FE3i

20) 0|5F, 2020. ME{REY 7|59 S&kat Al FS|UHEARK

21) Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to leverage
biodiversity for economic development.

22) Vertigo, 2018. Evaluation du potentiel de d’eveloppement de la biomim’etique en r’egion
Nouvelle-Aquitaine. http://vertigolab.eu/wp-content/uploads/2018/01/Rapport-biomim%C3%
A9tisme-en-NA_VF.pdf,

THRIE: Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to
leverage biodiversity for economic development.



Le Monde (2018, MQI&: Amir Lebdioui, 2022)0 2™ CEEBIOSE &A=
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BIONIS (Biomimetics network for industrial sustainability) 2 NIM(Nature Inspired

Manufacturing)S AZ3HCE25)

op Y=

Ao DumsOlN S J|e] MERY 22 U HE MY 97 S2 XD
oIt EZNS MR E27|=72(2018-2030)S RESID 420 ot 7|52 2
4 SRS 7|43 ML ABS LHES b} QCH20)

MERE T Q2

X¥ [fAtOR Gl=

wo
el
r

A Fets 7IXA 2 FQ HEEM HERE T|es
o
=

o
12 HE

32

Ct.

Hl
=
oA
12
ol
Ofol

23) Le Monde, 2018. Biomim'etisme : la France peut, I'a aussi, “etre une championne!, 18 July.
https://www.lemonde.fr/blog/alternatives/2018/07/18/biomimetisme-la—france-peut-la—aussi
-etre-une-championne/, 2018,

THIE: Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to
leverage biodiversity for economic development.

24) 0I5F, 2020. HEiZY 7|59 St A I3IUHTAX

25) Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to leverage
biodiversity for economic development.

26) 0|5F, 2020. MEAZY 7|&9 S&ut A SS|UHTAX

17

=] E[4

OE
>

[0)al

]

Iy

i

1S3d

HI
>



2018 UN ko7 |5t IPCCY “Kt2H

X
oY

oH_E

O Z M

H

(=]

e

71=E70| HES) 20228 3% 25UEE Al

0l 2050771

=

2712 2}

SMYY

SAE 7|2 28]

=

71%%17| AE Yo E e

I
2

A 4z

i

=]

H|4: 2050

0l

2A7A

&
43S
Hesh
#eaA

ALY
=A47]
A =

=AM A

1527
Apiig
gEzs 2uys

AtBloRg
AAHEAL 2|4
Z01250f

2| SIHIE]

=3
=

ol thg

==
=
=
=
li §|‘_

7|3917| Sy

22 7|
= e

o a1
2R

ZAlol

e
L2l AAL

205
N
Fergune)

H-SHE2
#-CCUS

=4 &

7| = HE A eHE o}
=

EFAQIZ] Of[AH|E
b

EHAZ2 EA|
2| of|L{z] 2
A2

= A

=

b 7128 HA 127)

S|
A

71
AIE HF11 ACH Ol HEZEY 7|E9

ys

o

=7

OIF7] 2ol 2&7t4, 7|

Y

F22C= 0

Xt
(=]

2|

.
o

t 0[2F

=
00

MZEO] CH3t L

=/ 12A

b

O

=
110

43

= T
ELRE

z
(=]

150 2030E7HK| LATIA 40%

M
=Hd

=3
=

iar

230210000000

27) https://www.gihoo.or.kr/menu.es?mid

YHEYY|E 208 ASSE DS 24 M2

18



< . s o ] s - MEth SUTE
MBI Z4E o dlidlE 2 - ME0UA S - FSOiRE B x5t
o 2 Al o J|HX|H =2 & o MLC.5t. 5L ==
exivige  -vlgNY 2 E HEHBHL || o g
+£Q B85 - EH %8 - 0@ 2P - KEast .
A3t
o K|&T7H=3} AHA}. o HH XA = | o O|}SH= 2]
Xlﬁ?lsol_l. Ol_I' "gﬁ—%gﬂiﬂ .H_%Jﬁ_g_jo:‘% Ho, x4|o—l— o |_||_|'::|o X| ‘l
AHIFA ceT S olma} f Zopz
o WL e SAER ME - LS 00SX] o el oag ol u
« N &8 0|8 2t 2ol 0l 1S e EH HE|-EREEE AY Y
iy e oC = st gy | 2 Y oj
28)

HE 4= B2S EEC=2 ot JACH Met & U=, MYOo|LA], TV =9l X%
Jbseh Wit S AH| MA, 4 2E HEA e M=0UX] S =, 18 2
C

CUS, F3afixt 25, Bk &8 oi2 NEas), o 2 Ald NEL
’ o

Ol= HEHZEY 7= 50 FO0FR! Mz/AX, SELH X2|, HMt/atel, RH/SSRF,
UF/7IHEA 201t Y 22 FZIC
Lp) 512 MERZY Jl& M 3

IUOM= OFE “dEiZS 7=
M= OFAEX] LUK, T 5
0| o3 A= QUL

TS 02, SY, DYA S F2IT S I AR MEDY Tl JHol B

EXolE S MERY Vg X M =72 FIHEr29

FRE 20178 EXME S U APez HHEY J|E MY S HEMeH

[=]
2019HEEE 2023E77K| & 312.569 (=1 2502 &) XI5l AMEHRLE) 7|8t Aoz
7|& i R&AD MRS FTIeH 27|1-5t Alg X5 DS ALY | XM XX S
II

0
=
0z
M40
N
or
Ha
o0x
rto
oY
~
>
=
=
o
(e))
>
@
=.
«Q
D

28) https://www.gihoo.or.kr/menu.es?mid=a30201000000

29) Amir Lebdioui, 2022. Nature-inspired innovation policy: Biomimicry as a pathway to leverage
biodiversity for economic development.

30) 0159, 2020. ME{ZEY 7|=9| Sakat WAl =3|UHEAK

19

=] E[4

OE
>

[0)al

]

Iy

i

1S3d

HI
>



o
X Fr

o
Fy:

el

20

SRMEIS 2010RE] MEIDYURIA DB 75 AR T, 20239 ¥ 1842t & A
S, 1,0002101 7 =2 S5f Y MEADY A2 1,90001 21 S M3 DB g &
ERERD)

IYUMEIRS So| MEIDWO| HEE M2 ME S Wl AT FH6 T
0 0] ZYRE, FRALE S XRH0A DY TS MY HES S5 b QU

H200i & 210 ==l0M= HERY Ve S AVIE S+71E 289 MAXR XIE
=]

S U802 ol HMIIBTILETIHOL

- [l WAL= i

2
=
10
mn
[
9
u]
w
&

U e MEfITE SHRI0 Bt

=11 A0 HIHELSY

re

d= /s 24 & BAM & =7

Ao O

Lb AIARE
312, 0I, U S $RFS2 XUl T2 BHASE YA 0lsh| 93t 27t
M} UALS HHYOHL QUOD SMAIS MYKOR KIS T

JGEEY Vs #3E 5 MY 20k ZEHOIXE £5] HaXNg =20t FetE0UHX|
R

1
=OFf 2 ESEAL UL

THAele] HASE M Jlxs YEHZY MVIE AF02tE FAHHR AlFEdo 7|

£ 30| @ %02 Lo,

31) YUZ, MES, 2024, MEIDY HDE B0 MEDYX|Y DBRE. SEMEIY
32) 0ISY, 2020. MEBY 7169 ST . FEIYATA
33) Ol 2020. XKISIOA BIE A “ME|DHIIE’ 20354 763k AR MLk o[
34) OIS Y, 2020. MEHRY 7159 SEI K. FHIYATA



e

[
-

oo o

s s

p=
=
0z
o
A
0x
m
H
0L
=
N
>
>
0l
rlo
Jn
it
rn
>
ox
Y]
o
=1
H
i
e
bl
o
[
bl i
~

dHEY JIeE E8ots AIE2 72 5U AlFE 80 Iile Ty 399 HHol| Z
=

N AeH=Z MEZE JiES &3oks H2 MY "o s VXA 2 AHAl X

5, 58 ME AZ0|L 53 70 S TIXle F28 247t ofd 4HEY JiEs

5K Of2f AKO| YB2 M E Al BH X

FH
e
o
0z
~N
5}
P>
]
oY
HT
peel]
]

7t dMIggE =0l

B MA X F2 27159 ANEHE(GDP) Bt 015 M MEPHQ! ME R Y

=
J1=0l tHet 2 X 0[9F HHE A0S MY g 248 amEn

% 8

[0}
4
\.
G
7

19634 GDP
HEE 5%

N
20234 |GDP
HEE 8%

-2

-4
1970 1980 1990 2000 2010 2020

| M M7 GDP G¥E FO0I(&HZt %) 139

35) World Bank Group Data, GDP growth. data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG

21

=] E[4

OE
>

[0)al

]

Iy

i

1S3d

HI
>



Fizlo

1

o
Fy:

el

22

M MA GDP g&E2 1960 &F 5~6% &0IM TAF St=ts 2010 S0A
of 2%9| &S HELHLL QUL

1963 GDP H&E 5%01M 2023H GDP gHEE 2.8%=2 HEF 71710] AL

Ol0f et MiAl BHle &71M0|L XEHMR! g8 =3 FAR A5 & & UASH W Al
A BHle SESE0| AN HUXt= 717t B Sol 197030
43) 0| H=HQI QIS20[H Y MA X 988 =2Vt X% g=51 U=

Ml0|C}.30)

i

 HA BHdeE == 2 Hee2s =4 Ml 280 0/o TE o] 7+4
45 ¥ UK Q1E|0[M0] F2 X|SECES7). 39)

-10 1960 1970 1980 1990 2000 2010 2020

1954 1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

| 8= GDP Q& FO0I(AZ %) 139

or= GDP d&&2 1960EiRH 5215 &5l 1990E=7tX] 10% Ol GDP o
S= FRARKIL, 1990HHEE SHEIME LIELT U

201292 E= 2%H2 GDP dE&0| RACH 2023E0= 1.4%°| GDP d¥&2
7| =340

36) Alvaro Pereira S, 2022. OECD Economic Outlook 112. OECD

37) Alvaro Pereira S, 2022. OECD Economic Outlook 112. OECD

38) Alvaro Pereira S, 2024. OECD Economic Outlook 116. OECD
)

39) https://wwwwv.index.go.kr/unity/potal/indicator/IndexInfo.do?cdNo=2&clasCd=2&idxCd=4201&upCd=1
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41) World Bank Group Data, GDP growth. data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
42) World Bank Group Data, GDP growth. data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
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7h F9 =7t AEE QX Hst

W Ages 15-24 | Ages 25-64 M Ages 5-14 |l Ages 65+ [l Under-5s
South Korea United States

50M

40M

30M

20M

10M

1950 1570 1980 1990 2000 2010 2023 ’ 1950 1970 1980 1990 2000 2010 2023
China Japan
1.48
1.28
1B
800M
600M
400M

200M

1970 1980 1990 2000 2010 2023 1950 1970 1980 1990 2000 2010 2023
| 8=, 0=, 33, Y29l 77X Wt R0 |54

FQ =IE2 UA=Z 2 1990 RE 66A Ol QI77t 34 S7t6tal ALH
64M| Ofot g Q= HAME LB RACE 53] 2 38 ASE+S 2+ &

2M7FH 2.

OZ 64M Olot 257} Th=f 202097 S/HMIE wAIZ 4= URAKIZE 20203 0|

YaME HEH RACE

25~64M| AP Q1= B, E=2 4R 20159 MSRE LUAME LEHNZ| AR
0 L=9 % 1990EHRE HAMS LHEHHD

54) Our World in Data, Age Structure, Population by age group. https://ourworldindata.org/age-structure
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1990 ot=9 AYE 2+1= 5M| O[aF 3372 F, 5~14M 8012 F, 15~24A
9092 &, 25~64XM| 2,145 &, 65M| 04 2152F HS 7|SJUX|2 2023 bA| Ofst
1362F &, b~14M| 4328t &, 25~64A] 3,1302t &, 656A| Ol 9482t HE 7|=34Ct

02 0%

o= S FR =/IS2 0|2 6 664 Ol 2+t= 3 S7f6til U= FHH, o
=

qg ASYsE QU dadks Fee LERHLL T

2r=9] 19903 66Al OlY Ql=t= 2152 FOIUAX|Z, 2023 9488 FO= 4Hf Oy
37134

0J=39} 19905 654| 04 QI 3,148t HOIRIKIR, 20234 57728 o2 57

;@
il

Z=9| 1990 66| Ol 2l7= 1,5002F FOIRUX|Z, 2023H 3,6652F B2 S7I3HCH.

;ol-

£/ 199051 654 Ol 21T 6,1662F FOIQIKI, 20231 291 3628 HO2 35
713t

0 89l OI2 FIISE e TAS 27159 Qe Biast 1E

uin

LAEFHC

L) X2 U8 oapx

r
To

B Ages 15-24 M Ages 25-64 [l Ages 5-14 B Ages 65+ [l Under-5s
Europe (UN) Asia (UN)

600M

400M

200M

Q
1950 1970 1980 1990 2000 2010 2023 1950 1970 1980 1990 2000 2010 2023

Americas (UN) Africa (UN)

1B 1.4B
1.28B
1B

800M

800M

600M

400M &00M
400M
200M 200M

0

1970 1980 1990 2000 2010 2023

1950 1970 1980 1990 2000 2010 2023
| &), OfAIOL, Otm|2|7}, OFZ2|7} LHE QU7X S} 0] |55

55) Our World in Data, Age Structure, Population by age group. https://ourworldindata.org/age-structure
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Ol Q7= 3 S7tot UK 2 A= LIERHT
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7E2 1990 6bM| Old Ql5t= 9,1852F FO|RAKX(TL, 2023H 194 4,9620 HOo=
S71CH Ol of 53t F B7ket 20

d

OFAJOFS] 19904 65A| Ol Q1= 19f 54447 THOQIXISH, 20234 49 6,9408t
HO2 FIKYON| Ol= o i S7He F2C,

OfH|2|7} CHEL] 1990 65M 0% Ql=t= 5,4602 HO|UKIEL 2023 1Y 3,027TF
MO ZJKHO0| Ol= 28{ 04 B7fet FRLh

OfZ2|7t CHES| 19908 66M| O Q7= 2,0312F HolM 2023 5,3042F Ho=
S7IRHX[2E Ot 2|7p A Ql414=Ql 14.8% HOj| HlotH &S| &2 &=L

Z= 65M| Ol 2171 720 =A| @2 OtZel7t S 65A Ol 77t S7totl
ACH OE F2 W= OtAOF 7, OtH27t LHE2 65M| Ol 517t A S5k

1l U= A0 EFOIH

NA BH AEel RES AHX[eh= OfAIOF, &, OfH|=7} THSC| 64M| Ol5h s
o HEE2 AAME LIEHHIL

MA Tts AH(15A| O 64A OIEHO| CiSt HIAA 7Hs R (0~14M = 654 0}4)
o| HIgQl EQH|(Dependency Ratio)S AEOSH] MEHZH! 7|& AIXO| CHSH AR F
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7h) 2 UEY ol BY HIg Hst
W Old (>64 years) M Young (0-14 years)
World Asia (UN)

100%
80%
60%
40%
20%

0%

0% .
1950 1970 1980 1990 2000 2010 2023 1950 1970 1980 1990 2000 2010 2023

Europe (UN) Americas (UN)

100% 100%

80% 80%

60% 60%

40% 40%
20% 20%
0% 0% 1
1950 1970 1980 1990 2000 2010 2023 1950 1970 1980 1990 2000 2010 2023

| ™ M7, OfAIOL, |, OHIZIZI LHE A FY HIZ Hst F0] |50

MM W SO HIS(64K OA)2 19504 0|5 X|AXO2 ZJfetl QIon Che
1990EHRE] i HOHI= | S71510 QT HIE QA B9 HIS(0~14M)
RAMO2 ZAMES LIERACE

1990 ™ MIA = B HIE2 15.54%, R4AH £ HIE2 84.46%AX2 20234

LU HOF HI82 28.53%, QAE B HISS 71.47%2 W B9 HIS0| OF 28§72

) )

2 W= OfAO 78, OfH[27t iR Hlstet Hal0|E HEUL UCH 55| |
ol LA B HE 2 S/tME HEHHD.

1990 RE9 H BUH|= 38.22%, |AE 2UH|= 61.78%J}X(2H 2023H A

Hokl= 56.41%, f4H BUH|E 43.59%S 7|=23C.

1990 OtAjOte| LA HfH[= 12.36%, Fad FAHl= 87.87%UXT 2023E H

Hokl= 29.96%, f4H BEUH|E 70.04%S 7|=3CH.

56) Our World in Data, Age Structure, Age dependency breakdown by young and old dependents,
1950 to 2023. https://ourworldindata.org/age-structure



19904 OtH2[7t iEe H RAHl= 19.81%, RAHE 2UHl= 80.19%JX|C
7

20238 =H HUH|= 37.50%, RAH FYHl= 62.50%5 715U

M A 2 FL BRSOl 20238 = SYH|E 19900} Hloh of 26171 S7H0)
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L) X2 271 o 2y Hig ¢

B Old (>64 years) M Young (0-14 years)
South Korea United States
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80%
60%
40%
20%
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1950 1970 1980 1990 2000 2010 2023 1950 1970 1980 1990 2000 2010 2023

China

100%
80%

100%
80%
60% 60%

40% 40%

20% 20%

0%

1970 1980 1990 2000 2010 2023 1950 1970 1980 1990 20:00 2010 2023

g, 01, 22, 3= 98 2Y HIg Hs} F0][57)

F2 =750 o=, 0=, €2, 879 4 Bl d MA 38 2| S7EEH
O 3 S7totl AUCH DIMIVIXZ OHEf 1990EBRH LH SUH|I7F 37| S7t6tLl
U= FME LIEfHC

M-

So| StBI QRO LW ROl T S7K5k USH 20234 JIF = Y=ol
T ROMHIE RAE HOHIS 37 YXIZ HECL 0B FIE 20234 7| L

4

— o
2H|7F 50%01 2ot =0l

19904 10| teid SIS 15.91%, R4 HUH|E 84 09%AIR 2003 i
S| 62.54%, RAU HUHIS 37.46%5 7ISHCH 0l i S|} Av Of
F7tet 2t

57) Our World in Data, Age Structure, Age dependency breakdown by young and old dependents,
1950 to 2023. https://ourworldindata.org/age-structure
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1990 Y=9o| H 2UH|= 40.28%, FAHE 2= 59.72%R[X(2H 20234 H

T O
SH|E 71.67%, R4E RYHl=s 28.33%E 7|2C

B

19901 0|29 L HAH|= 36.29%, QAE HAH|= 63.71%X|2 20234 L
HOM|= 49.74%. QAL HOH|= 50.26%2 7|23HCtH

19904 S=2| H BEdH|= 15.66%, A FAH|[= 84.34%RX(2, 2023H H
2H|E= 46.32%, f4AH FUH|= 53.68%E 7SIt Ol A SAH[7t oF 3t
&7t 20

HMA R F2 =7t59| 664 01y 27 H H 8 Higs I Skl A=
2, 64A OloF 55| 244 Olot HEF Q7= IA Haokd AL FAE BEUH|E 2

A Aot U= HE

20|t
Ol TMAMLE & i Q5 7t oot 0]0f ME dikgo| Haol U= A

[
= 20|otH 0]2F /i =EE0 et 2 BT &M S7totd Ut A= 20T

S6l 97, 31, 012, 53, Y2 S FRISOIA 023t A Q12 2 FAPH I
FIED QIon Of= ME|RY Yl AEOIE 2 YsRiS NI o= HoICt

WA 012 UA FYS BESH OIS FUGH| Y MRS JIES £US Lo
240101 AF2 0|9t B FO{O0IC, ) XS3t 26|, ADEMED| S M2L2 7|
Aele mumo2 sk Ut

FOI0|S, MY XIS3} Ab|, ADIEMER| S 7|&2 MENDY 7| 5O 20F AN 5

ARl H=/7|HIEA L e E ZSECt

OII

2= Al 718t 22, 7IAEAY 8= QIZte] 42l S U = U= 7
MOIE, A Aisst AIA", ANEMER] S 7|s AIY ZRI0] 7HE5etEd 120 0
oiet 7152 HS ZTAZ 5 Us HEHRY AF/7AEA 20f 7l ME2 2 7=

LAZ Xgst Aoz HOIO},



L} o= U OIAHH| =7} =8

0=, 93, 3=

2015~2025

2016 2018 2020 2022 2024
2015~2025

USD/Hour
N N N w w
£ o © o N

N
N
T

2016 2018 2020 2022 2024

|01 wSKHH| X4 Hat 30| U BF AIZIY §UZ #at 30 |5

0|=9 8« AIE Y5 R =3H| X 22 1082 3A S7ketal UL

0j=9| WA APt AZ2 20154 3 20.98Z0A 2020 3 24,9822 42
S711CH CHA| 20254 38 30.96€2I2 2 6Z2 S7I3HCt

g, 20M S L7t =X =55 il Al=dts et 2 X2l =3H| X+

(Labor costs Index)= =2 10EZF A S7IM[O|CE.

58) Trading Economics, United States Average Hourly Wages, United States, Nonfarm Unit Labor
Costs. https://tradingeconomics.com/united-states/unit-labour-costs-goq
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Ol 34| Xj&=~= 20154 127] 96.861ZE21E0NAN 2020H 127] 106.381EQIEZ
713 2024 127(|0= 120.718&EQIEZ A 7131

European Average Wage (EUR/Month)

2500 F
2400+
2300
=
S 2200+
23
% 2100
w
2000 -
1900
1800} ; i i i i
2016 2018 2020 2022 2024
European Unit Labor Costs (Index)
120f
H}
£ 110}
&
)
T
£ 100
90+
2016 2018 2020 2022 2024
| 9 W2 ® AT ¥ SH| X3 st £0] |59
FE2 = # 38| Xk 051 ORRVIXZ 22 1087 A S7totl U= FAMIC

QIO W YL 212 2015H 127| 1,860RZ0(A 20204 18£7] 2120822 &
71O M CHA| 2024 1827| 2,520R22 Z7IBHCY
=z U ZoN S 18%7 r Ha™Mo=z X|Zok= U0 et X0l =sH| XK=

2827| 119.4HQIER gﬂﬂq_

59) Trading Economics, Euro Area Average Monthly Wage Per Worker, Euro Area, Labour Costs.
https://tradingeconomics.com/euro-area/wages
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£
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gt =& B X|5= HEt 0] [60)

22 2047t =2 Yakle H =SH| At 3| Skt B, =S gRire
A HSOH] 2 FAMOICH & &g R b= I S7f6kl AKX, 120 Hloi =5
of ofgh Yigd2 MAke] #&0] LS RAEL A= A0| EFO|H

Ol 7I% YUYUIM B2, Y=2 IA =10 AR 0] Bl SMd2 SR L2

=]
2 HEF QABIE F0/A == #e0] 2 & U

201118 127] ARIY B2 UIR|SE 68.6p, HOIrSHIRX|SE 679p, LEMAA
R4 100.6p2 UBXIAL} =SH| K= HIH W2 HIH, LSHANKIAE &2

A70| RAISAC,

20164 1527| Al B2 UTRALE 86.6p, TISI-SHBAIAE 100.5p, wEMA
SRI4E 03.82 72BN YBXIS U LSH| XidE 27 B7H8 HIT, LS
R4 Q5[ STt

|-OII

202414 127| A7t BEQIZ X|&= 125.5p, HH-SHISXISE 118.6p, LESAAt
X== 105.5p2 YAl H =ESHIX|S7t 100pE M FHOED SR

234 it B|wsl bp2t &5t A0 SFO|C

60) =223 28-4H|, 5 2 X https://snapshot.bok.or.kr/dashboard/100b
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i1 ACH

Olfet FAl= S0 AL o 7|0 2 BE Qa2 XHESH| M0 ==
QAHIE E0|2s A= O[KX|A ETt
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M= 29l L3 UMl & Us FHE0IE, AiSsh AIAE,
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ZARO| AlSIEIAZ MEf D}

O &7tg 2402 HQICt,

GERDIN i & B LREHTTNING Seciol

i R&D- -performing sector: Share of total (percent)

Region, country, or : (PPP prsssssssucnsnnnnnnns ngher Private  #====s==smenssmsnnss % Other Rest of the
economy = USSbillions) |Business Government & education nonprofit® = Business Government : domestic world

United States® : 806.0 77.6 8.3 10.4 377 679 199 = 5.5 6.7
EU-27 4741 65.6 11.6 E 22.0 0485 57.0 30.8 E 24 9.9
China 667.6 76.9 153 E 7.8 NAE 78.0 19.0 E NA 0.2
Japan 177.4 78.6 8.4 E 11.9 1.25 781 155 5 5.9 0.6
Germany 153.7 66.9 148 1 18.3 NAE 62.8 30.0 E 0.3 6.9
South Korea 119.6 791 9.8 E 9.1 Z.OE 76.1 22.8 E 0.8 0.3
United Kingdom 97.8 70.9 518 22.5 151 585 19.4 = 1.4 10.6
France : 22 65.7 11.7 E 20.5 21 _ . _E_S§-4. ....... 1.3_2.51 _E 4.4 b7

x93 U X% GERD & 29 [6)

61) Francisco Moris,

2024. Research and Development: U.S. Trends and International Comparisons.
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47419 22f, U2 1,7749] 22, =9, 1,637 2], 3= 1,196% =2, = 9789
g, DA 7729 25 7|23

e 2719 R&DeE 8 FH|(performing sector)?t X=2Z&X(source of funds)
5 7|¥(Business)0| HE2S RIX[GtD QLY.

SHXZE XIZEX2 Z2 HEQ H|S0| 0Kz 40| EHOICL. = WEE =70

R&D 32 7|0| aliot= HIS0| Y=XMO=2 X2 R&D AF2 27t EXi6t=

HISO| BN FORLE AS 20T
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1,000 20214 = 7H¥ GERD
0l 80609 =
57 66769 ey

250 EU2771=: 47419 &
20094 =74 GERD .
0l=: 40429 e N
EU277li=: 26069 Eef e
00| B 18419 e —r " =
| o—a——"" g
o

o—*"
e .'__.__.__a."."

250 .___.,-l_
- .___.—.-—."-".

Billions of current PPP U.S. dollars

-®- United States == China -m- EU-27 Japan
-&= Germany -=- South Korea -@- United Kingdom  -&- France

| == U X|%9¥ GERD 72 3} (63

0j2, 2, 98 27129 GERD 7= AR 20004 0|52E 3245| 5716 o2
2IS0| Hish ¥S6| &2 470 0|21 QiC

02, £2 922 %2 GERD F27| CHE 27j0)| HIs YEXoz 2 AR AM5|
Aen £5| 0| F7H= 717 =2 GERD HEMIE LIEHY R&D S4 AINES FEotu

=

Ol YHEZY 7l S RAD 3 |z tge 4% D=t & 3=, 7E AE
=

[
FeEE A Stotl Us A A0[RI

ro

2009 O|=2] GERDE 4,0429 22, EU 2770=2 2,606 2, =2 1,841Y
FHUXITE 2021 O|=2] GERD= 8,060 €2, =2 6,6769 E2f, EU 2771=
= 4,741 22 FH| S71RiCH

4 =0 DjZ0| GERDE ©f 24, 20| GERDE 38 014, EU 27742 GERD=
2H{ OlA Z7F3t F@Lt

63) Francisco Moris, 2024. Research and Development: U.S. Trends and International Comparisons.



7t) 0= R&D EXt &

(Millions of dollars and percent)
Industry, NAICS code
Allindustries, 21-33, 42-81
Manufacturing industries, 31-33

Chemicals, 325
Pharmaceuticals and medicines, 3254

Machinery, 333

Computer and electronic products, 334
Semiconductor and other electronic components, 3344

Electrical equipment, appliance, and components, 335

Transportation equipment, 336
Motor vehicles, bodies, trailers, and parts, 3361-63
Aerospace products and parts, 3364

Nonmanufacturing industries, 21-23, 42-81

Information, 51
Software publishers, 5112
Data processing, hosting, and related services, 518

Finance and insurance, 52

Professional, scientific, and technical services, 54
Computer systems design and related services, 5415
Scientific R&D services, 5417

| 0= W 712 R&D i

Domestic net sales®

Domestic R&D®

13,097,756 602,499
6,550,600 326,060
1,309,684 109,490

624,341 100,220
427,096 17,730
778,262 101,063
232,353 47,396
156,050 5494
1,014,159 50,760
623,254 26,391
311,988 21,468
6,547,157 276,439
1,703,835 147,855
303,134 39,049
562,172 45,192
1,537,769 20,947
483,784 66,496
199,429 20,409
82,907 34,142

71¥E9] 0= W R&D T FXHXIZ) 72= 6,024

OF R&D &4t 2= 3,260

J1¥S9 MxEY Z0F R&D &

3f51/Hio}
& Cfb] 52 R&D XIE HIES

Ol 7|&S2 =ksl/Hef,

of
g5 HHU= ACe= 01 &

FoflAt=

(Millions of dollars and percent)

Industry, NAICS code
All industries, 21-33, 42-81
Manufacturing industries, 31-33
Chemicals, 325
Pharmaceuticals and medicines, 3254
Machinery, 333
Computer and electronic products, 334
Semiconductor and other electronic components, 3344
Electrical equipment, appliance, and components, 335
Transportation equipment, 336
Motor vehicles, bodies, trailers, and parts, 3361-63
Aerospace products and parts, 3364

(0= W71 "Mz 2

L I1A|, FRIHE R,
LIEFGHCE

71A, HNME/ U=, S

dH2Y Vg +830] ==

Domestic net sales?

13,097,756
6,550,600
1,309,684

624,341
427,096
778262
232,353
156,050
1,014,159
623,254
311,988

Domestic R&DP
602,499
326,060
109,490
100,220
17,730
101,063
47,396
5,494
50,760
26,391
21,468 i

OF R&D FX} &g |65

EX 34820214 71F) [64)

R&D-to-sales ratio (%)
4.6
5.0
8.4

16.1
42
13.0
20.4
3.5
5.0
42
6.9
42
8.7
12.9
8.0
1.4
13.7
10.2
41.2

g2 20| I35 NAY &2
2ol 2= HHC| of 54%E AtK|otl ULt

R&D-to-sales ratio (%)
4.6
5.0
8.4

16.1
42
13.0
20.4
3:5
5.0
4.2
6.9

64) Francisco Moris, 2024. Research and Development: U.S. Trends and International Comparisons.
65) Francisco Moris, 2024. Research and Development: U.S. Trends and International Comparisons.
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66) Francisco Moris, 2024. Research and Development: U.S. Trends and International Comparisons.
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Electricity, gas, steam and air conditioning supply; Water supply; sewerage, waste management and 617.000
remediation activities

Services of the business economy - sections G to N

Wholesale and retail trade; repair of motor vehicles and motorcycles 12 850.000
Transportation and storage 5120.000
Information and communication 149 551.000
Publishing activities 35 678.000
Publishing of books, periodicals and other publishing activities 67.000
Software publishing 35 612.000

Telecommunications

Computer programming, consultancy and related activities 18 457.000
Information service activities 42 839.000
Financial and insurance activities 13 965.000

|02 L] 7|Y =L HIHZXY £0F R&D EX} 2%t |67)

ra

= W 7|¥S2 ¢1Zh2020d 71%69) e 207t ZefE T7|, 7tA, A, U7,
2 X 35, &2 20F R&DO| 69 1,700 #HEt F2HE X|Eg Ol= 0N HHE

Het, HAMMS/EER, S8 HH & 2010 gt R&D FAH w20] Hio BluWX 22

E5H 0| YR 2020 0% FI|, JA, AR, O71Y, 2 XY B3

—

Ofe| R&D FAt #E2E 7|2 L= HIE/H M= Xelotil U.

O[0f et YEHEY 7I=0| =2 Z0R! 2HE2F

(@]
O i =~
ATYHOZ DIt 7|QECHs MBS SHOR AR HN0| Z7E 202 HO|D HIx

67) Business enterprise R&D expenditure by industry. OECD Data Explorer. https://data—explorer.oecd.org
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Time period 2020 2021 ‘ 2022 ‘ 2023 ‘ 2024

Socio-economic objectives ‘

Total 169 901.000 & 161 885.000 ‘ 186 876.000 | 198 941.000 & P 203 919.000
Total GBARD excluding GUF 169 901.000 | 161 885.000 ‘ 186 876.000 | 198 941.000 & P 203 919.000
Exploration and exploitation of 1778.000 2519.000 2 026.000 2 375.000 P 2 306.000
the Earth
Environment 556.000 574.000 573.000 624.000 P 624.000
Exploration and exploitation of 14 206.000 11 566.000 14 552.600 10 920.000 P 11 033.000
space
Transport, telecommunication 1926.000 1911.000 2 496.000 2 038.000 P 1.970.000
and other infrastructures
Energy 4 539.000 4 529.000 ‘ 7 113.900 6 460.000 P 8 675.000
Industrial production and 821.000 952.000 5761.000 3 000.000 P 2284.000
technology
Health 48 055.000 44 941.000 ‘ 49 486.321 50 453.000 P 50 114.000
Agriculture 3 061.000 3222.000 ‘ 3904.798 3442.000 P 3457.000
Education 581.000 588.000 ‘ 719.000 581.000 P 767.000

Culture, recreation, religion 28.000 28.000 28.000 28.000 P 32.000
and mass media

|0}2 B F2 20p RED OjAt 33 (69
0= HE9| RAD OMOIA MERRYE 7|=9| £Q 2001 SHHRHE K| 7|snt 2EE
20k= ‘&Z(Environment)’ R&D2} ‘OHX|(Energy) R&D H0| ESHEICH

0= FF9 28 RAD= 20201 5.59 F2{0jAf 2024H 6.29 = HIwX F7H| S7t
Al ERAXIZ, AKX R&D= 20201 459 F=2{0|A 20244 869 EEl=2 I S/,

t

ol

012 HE 2EX4= eEESX(Environmental Protection Agency) 2l O X|E(U.S
Department of Energy)2| HIO|0|LHX[EA{(Bioenergy Technologies Office), AtSAt

=2 M(Vehicle Technologies Office) SUIA 242 2|0 TS St EXIE A%
off T ALY

E9| 0|2 O|HX|EQ| HIO|R0HX[EA(Bioenergy Technologies Office)A= EtA
HiE &2, Vg 2 52 2A9 2 g2 SH(Mission)2 Aot X=MQl A

o EX}2 Xj&dt QUCH70)

69) Government budget allocations for R&D, United States, OECD Data Explorer. https://data—explorer.oecd.org/
70) https://www.energy.gov/eere/bioenergy/bioenergy-technologies-office
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2012 | 43,2229 | 26.6 | 35.1 37,960.4 407.4 279 9883 37711 -
2013 | 46,559.9  26.2 | 253 1 41,254.0| 322.7 334 1 960.1 13,9382 | -
2014 | 49,854.5 | 28.7 | 20.3 | 44,328.2| 333.7 346 9919 4117.2| -
2015 | 51,136.4 | 31.3 | 23.4 45,8224 338.8 525 | 750.6 41174 | -
2016 | 53,952.5 | 40.8 | 19.7 48,014.1 505.8 445 6620 46654 | -
2017 | 62,563.4 @ 36.8 | 12.0 | 55,986.7 586.8 437 | 676.8 52207 | -
2018 | 68,834.4 83,5 | 16.1 |61,157.2) 611.9 465 | 684.56,2349 | -
2019 | 71,506.7 | 615 | 84 |62,555.0 590.4 512 |657.8 756823 | -
2020 | 73,599.8 | 70.0 | 7.1 163,816.3 588.0 64.2 6412 8413.0 -
2021 | 80,807.6 | 61.9 | 7.0 69,556.0 557.6 63.0 | 643399188 -
2022 | 89,421.3 | 59.2 | 7.9 176,895.6 524.4 60.4 | 6785 11,1963 -

71)

o= U 7I¥S2 R&AD FANSTHLH)ZE MZY 200 3| HSEL AT HEHR
Y 719 ol E0k= HREE MxY =0fo ZetEtt,

20223 7|E o= W HA V1Y RAD FAlg 89 H & 76 E2 MZY R&DO

HSHO.

dEHEY TIE & SERY XMl Vsl HEE Sk, ol-HYIE Me, EEMdY &2
Or| 7|¥ R&D= MZ=R0]| HISHH U A2 HZE XAGHKZ Fxot §T&S UE
L2 A= A0 SZ0|E

71) 2024. 2024 LT |IEEA. SHLAIIETISH

49

0=

FE|

fols
y

oA

[

Iy

1

HI

& 1S3d



[eYeX=)
PriX kY|

el

50
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20124 ‘2, o-H7IE XM, HRAYRY R&D w2E 2709 #EUXTH 2022
6009 =22 HECE

gt L R&D 1,000CH 7|42 MIxR! R&D EXt &g |
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(9 109 2, %)
T 2020 | 2021 | 2022 2020 2021 2022
srelEd 2313 2119 2375 | 234 1.88 1.93
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|

oz FL 853 984 1,021 8.78 7.78 7.52
71| 4,456 | 5,292 | 5,857 7.42 7.24 6.19
ASAE & EdYe 7,841 7,903 | 8,882 4.72 4.24 411
A 49,385 | 52,869 | 57,5623 5.41 5.04 4.69
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OfoilM= X Al R&D &8 H MEs AlF S&=H0[ 2 8jEH3 7[S9 2
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73) Yolanda Gil, Raymond Perrault, 2025. Artificial Intelligence Index Report 2025, Human-Centered
Artificial Intelligence.
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183.78, Machine learning

150

100

/ 62.90, Pattern recognition

21.82, Knowledge based systems

50

Number of Al publications (in thousands)

13.07, Generative Al
12.00, Logic and reasoning
——gpeet 11.28, Multi-agent systems
5.25, Robotics

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Al 712 2ofd WA= 3 F0 (79
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74) Yolanda Gil, Raymond Perrault, 2025. Artificial Intelligence Index Report 2025, Human-Centered
Artificial Intelligence.
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New materials

Patent filings Product prototypes

Innovation metrics

| Al 7I&0] 25t A& FQ F20F(76)

75) Yolanda Gil, Raymond Perrault, 2025.
Artificial Intelligence.

76) Yolanda Gil, Raymond Perrault, 2025.
Artificial Intelligence.
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77) Yolanda Gil, Raymond Perrault, 2025. Artificial Intelligence Index Report 2025, Human-Centered
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Al infrastructure/research/governance

Data pr
_____ Medical'and healthcare
AV
Fintech

Manufacturing

NLP, customer support

Cybersecurity, data pr
Robotics

Drones

Energy, oil, and gas
Marketing, digital ads
Business operations
Semantic search
Supply chain
Insurtech

AR/VR

Retail

Ed tech

Quantum computing
loT

Agritech

W 2024
2023

Content creation/translation

Creative, music, video content

10 122 14 16 18 20 22 24 26 28 30 32 34 36 38
Total investment (in billions of US dollars)
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86) 2024. Global Waste Management Outlook 2024, Figure 6. United Nations Environment Programme.
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Ri&ots 9 287, SASY B2 7|20) FEHOR HUEHD U0t KIS L 2
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HRLYE XMl MYUMM HEHEY V=S HESHI A= JI¥S2 72 HUAM HEE
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T2 J|YS0| dHEY Jiss AE JHESIL U= Alls BEAl §eu MYU|gS
YYULACZ Vg JHEE FUGHL AL, 8ot A2 Eot w1 Vg +8 YA O
¢ @ ofX|Tt A7 H HAE §49] 7|t VIS0 T2 A0l AIY EFO0IH. 0[of
Mef 2R M2l AZUMS| HEZY Ve 8= S+ HAE 349 98 B

HH| $HEY M2 AT f2= oF 1.7 22| 722 FHNILH Ol MERY 7|s
HELY AMe| AlFS 20 HIMH AY 200 sHERIT.

MEjEEE SHAQH X2| 7|z AR HI2E oF 249 ©2]~290% Y| HR2 FHIO
A SHE XM| A A2(2 1.7Z2 )M 2 0.1%~1.7% HTE XX[5t= A
X

o=z =XE|C} 120)

—

119) 2t 5T AR 5 M2 ARS LivAl A 72E THofst 22 oig IS oiio) SUst Aoz 27|
OIET SRR O AIOR T2al FAGHL Q7| TR, ¥i3t MZ/AM, XISI/SS 20kt 20|
SiLe] AROR Tefst AR M/AK, NSA/FTLF 2012 39 M4BT} 7|82 26| Eop|
OfET JHUHOR R A FRE FAGP| Of2p7| TR

120) MEIDY J12 48 72 E= MDY 7l AY TRE THKOR SMGP| YA 22 Al o i

|

—
AYHZ HEO| TS A LRIt URITL, THFEQ! OGS Ploi 21210| TIA| HHEAIE 2 CHH| HEH=2

JlE 28 7IY TN mEMS Hlwsh FF Sk IEAM0| ol TKSEt 7|US0| iEHT 2t =



7} 5q] Hol Aejrsr 7|& A R 242 ZF2 =Y BottomUp approach
WAo® ZIAAREAD & tIARIES AR o2 HAISh It 71 A9 offvto s
719e ZATIEC1EE shete ARSSHE 71950 WieS T4k T3 AR 7]z
SFeth= 7150l e = 7| whzel tizfd s e & o miEo] skebdat
FAHoE FAEHE 5%~60% WE HE S AR old A" HA W
(extensive-margin)ye -3-&3l A%t RS FYFCH12D. 122) ofof whe} e} V&S
SRt B8l QAL HiEo] ERlEk= 28 7]99] AA| WiEHS FARHL i 719EL
A miE2 AR e el 71&0] wiE BlS0] sibAy} AtAS A8s) =
A RS FATHAA] tiETRO] 5%~60%). ©1F A3 AAeL Agels) vralS 385
8 AR AP S A v AP o] Hlws] AEER: Z1so] A APdllA
A= Agt B]FS 3123 7|AES] W& 20244 V=
ok 4839 & = Veolia ($48.36 B). A=yl 7|&S 283510
UE FELY A 7IdES RE v, ABEY VYdER
A& FEIF AU #27F w|udt 2. Philips 5 7192
AHH A7 B 7|go2 B o] FAollA AF

4839 & x (5% ~ 60%)
17z2 <

x100= 0.1% ~ 1.7%

121) Eric J. Bartelsman and Mark Doms, 2000. Understanding Productivity: Lessons from
Longitudinal Microdata, Journal of Economic Literature vol. 38, no. 3. 7|82 OJAXtZE FAIGH
A A MY, S S Al SS MARCE MG HEXQI 23 F SH0(0 ZASOIA 7 IIAIA)
=& DAKNEE dEilez Hiols 2ol 7|1& FUIRSE QI L.

122) Paul A. David, 2010. Zvi Griliches and the Economics of Technology Diffusion: Adoption of
Innovations, Investment Lags, and Productivity Growth, SIEPR Discussion Paper No. 09-016
(Stanford, CA: Stanford Institute for Economic Policy Research) Zvi Griliches, 1957/10, Hybrid
Corn: An Exploration in the Economics of Technological Change, Econometrica 25(4): 501-522.
OIZI e TH YA Griliches(1957) 2&0IM S&3t 01F ZHE0IN Ha| 285 UM 0[2ist
BIHZ0] LSt MH2 David(2010) 2F0IA H2lstl QJAC

123) UNSD, 2018. Handbook on Supply and Use Tables and Input-Output Tables with Extensions
and Applications, UNSD, 2008, The System of National Accounts(SNA). ZNIES SX9| =X
BZF0| H1 Q= M et Hefst HAg 388 WENCE FHEs 549 IMBEF0| =1 U=
SNA (UN/EC/OECD/IMF/World Bank 3&)7t ZHEZ)S2 Y= AESID 5t FHXEANE 4

A HFE SA HEE S

RS 22 1



o

2lcRahR

mcly & Fivivielo TRSRly Blos

80

2 X AE/sE0l tet Al 22, 5= AlY AEX
228 A SHE XMoot eids 1l UM 0[0f] Tiet =2
o

T
| BEIR) S DRIV EE Mg olden Tt

Other 42.2%
Rubber and plastics products

Textiles, textile products, leather and footwear
Construction

Computer, electronic and optical equipment

Pulp, paper, paper products, printing and publishing
Basic metals

Electrical machinery and apparatus, nec

Other non-metallic mineral products

Coke, refined petroleum products and nuclear fuel
Food products, beverages and tobacco

Other manufacturing

Motor vehicles, trailers and semi-trailers
Manufacturing nec; recycling

Machinery and equipment, nec

Fabricated metal products

o 5 10 15 20 25 30 35, 40
. P
| 229 &3t MY £2(IAE) |129

124) David Yankovitz S, 2024. 2025 Chemical Industry Outlook. Deloitte
125) 2019. The Global Chemical Industry: Catalyzing Growth and Addressing Our World's Sustainability
Challenges. ICCA



Health and social work 15.4%

Agriculture, forestry and fishing

Services 8.8%

Mining and utilities

3.2%

R&D and other business activities

Wholesale & retail trade; repairs

0 2 7 6 8 10 12 14 16

| 224 S5y +A(UHE) 7|EHother) £& [126)
=Y ool LA o9 QS E=EEE A4HETH 1T 3 S2AY XHE F20IM
=]

o
17.3%, %= & 2= 11%, 715, A 2R0IM 5.3%, HE 220M 5.1%, HRE,
28, 30| Mg, 228 H & 2E0A 3.8%=

[al
Rl
$ig
oK
Job
ox
o
r-III
=2
>
(JO
CO
X
Iz}
Opt

Z2 £0000| Ofd 75 49 282 YA U AE B20| 15.4%, ST 22

0] 9.4%S AtKlotl QUL

Ol =fsf MRU0| 7IE ME MZQ ‘07 3 SHAE ME, 2z & o#E HF, 7t
=, MY S M0 AEEVE sHE XS 20T

ofA|ZH O=fet H of MY SEE Aol BHASHE et At=ld +Q

23
7t S| T2t fé—. L2 DRIPIR| ME=l B, iH2| S HE AHAE| S

oHﬂ
>
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M
k=)

126) 2019. The Global Chemical Industry: Catalyzing Growth and Addressing Our World's Sustainability
Challenges. ICCA

81

lky “III

19

to
o

'}

Iy

o



fizlo

1

F

el

82

Semiconductor & other electroniCc COMPONENT [ | e X
Ol aNd GASTEXETACTION [ emssimseims i s i | s x
Architectural & structural metals -—-X
Plastics & rubber products %
Petroleum refineries f---x
Aircraft & parts %
Paper
Fabricated metal product PV I
Construction supplies 3
Motor vehicle oL [,
Food, beverage, & tobacco e o
Major appliance oS B

Iron & steel products <V SN, IDSPMUIRI.

2025F
x 1H2024

Apparel

=25 =20 =15 -10 ) 0 5 10 15 20

| 0= 2tet HIE A W HME2E 8T8 Hlu 127

M MA et AIZ0IM oY R22 AAIeHs Ol= it MiE AFOIA ReA H

RS
HEel 4882 UE 2ist MEZ0 Hloi YE=XO2 &2 &5 HELHLL QU

Jol

20244 B=X| 2 TARE, QY ¥ VA FF, US &, S2AEH 2 02 H|
SO 71580 YEES UEIXEE 202590 oY MEZESS =2 4YES
LIEfd AO= OfELCH

E9| 202240 HEE O|= gteX| DFSHY(CHIPS and Science Act)2 BHEA|EOE OF
L2t BI=XIE MAfSh=0| 7|810] H= ‘Y 3 7IA BRUE FAGIESE SLEe2
M olg 220M =2 882 20|11 Ut

B
it
-
—+
Q
=
(@]
o)

fEot 2022E0) MZE STUUX MRS FLSHL U= Ol= S0
Reduction Act)2 T2t ME AlE0| CHet HES FLCZM UE 3£ & H|

=0| 22 d¥ES LIEHD

2= 2ot ME AZUM 52 882 UEUL U= HEde FHee N H 23
4 Z Q

HE=t 1ejn Tletd 23 Mgl ds € 4+ UL

127) David Yankovitz 5, 2024/11. 2025 Chemical Industry Outlook. Deloitte



RIS O[OHZO0| QIZI0] M0 TAKIOl SO W2t CH2 A0l Blah ZHE of
ot AJOIZ0 BRI W= Z0| 71 2 SHOICL

Eof 22 TMANCZ 1

TrgRE otE AIZ0l AHX|

gat

|'0|'

FM7H B710) et YeHIokE(0TC), M| 9o,
U= FAo0|Ct,

=]

022! 7|2 F2 MII=IE FA AFM NUMTES S4OZ of= 0|HEY OB
(Emerging markets)MIM 2| A& H|IEO0| S7fotd ULk

JIEHO2E Al 7150 YAl O HA RADUIMS B82S I S/tAEL=ZM
HHZQI HOfMR] HAtd0] S7total UCH128)

11.3

10.01

15

5.0

2.5[

YoY change (%)

0.0

=25

=5.01

2022 2023 2024 2025
BN Production ~ BEE |nvestment (real, USD) B Profits (nominal)

| kLt Fx| Wi, £Xb £ F0| TY 129

o Y = | ’

ZE2Y MORME2 T2t MO L5 2019H 2 2021H7X| 2L} HiO[2qA

Al S (o] thet +2= Z0[HQl d3E= HED

2021 Meftd2 2020E CHH| 14%2] MY JEEs LIEHIC

128) 2025. Industry trends - Pharmaceuticals. Atradius
129) 2023. Global Pharmaceuticals Outlook. Atradius
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20234 M2 4.7%,
EXEge 4.3%, s=UE2 4.5%,

7.0% d¥=

Ol= Al Mef +t40] BAA oo =
2l 71z R&D FAPL RAIEAL U=

2) Mt

Aoz O=SECh

RIGIAIR 34

[

| 2e2d

EXzE 2.3%,
20254

EA

=T

ALOIZ0]

A

A
e
A

Ag LHE

FEOI 2022 == MM

=]
4%, =UE2 -5.6%5 LEHICE

=0
=T
2o

O -

3
il

F

S
=}

Ct.

b 2 0|R0T 3%

of MARE 4

Ol

WA 71)e]

HES 4.8%, EX Y

11.3%, 20243 HAH2 3.1%,
(0]

4.2%, ENER

A|'°| 157“ 3249 x-"OFA|II %1%'

S HIIH 27 WA YT KA

(St 4ot =2 %)

20194 20264 CAG R

S 145.4 311.2
(Oncology)
2 deug 51.0 b.6 66.9 4.7 3.9
(Anti—diabetics) ' ' ' ’ '
HAAK K|
3 24.0 2.6 61.3 4.3 14.3
(Immunosuppressants)
HHH
4 o 32.5 3.6 56.1 3.9 8.1
(Vaccines)
5 gnitEs 56.9 6.3 497 3.5 1.9
(Anti-rheumatics) ' ' ' ' '
6 R 38.8 4.3 429 3.0 1.5
(Anti-virals) ' ' ' ' '
7 GRYE 23.8 2.6 35.1 2.5 5.7
(Sensory Organs) ' ' ’ ' ’
8 7RIS 27.8 3.1 32.2 2.2 2.1
(Bronchodilators) ' ' ' ‘ '
o|gntst
9 ket 13.8 15 32.0 2.2 12.7
(Dermatologicals)
iy dals xI=H|
10 (MS therapies) 22.7 2.5 25.0 1.7 1.4




5 20194 20269 | CAGR
A0 LI
Elni=—Rlys
11 il 23.4 2.6 22.4 1.6 -0.6
(Anti-hypertensives)
SISEH|
12 ) 21.3 2.3 22.0 1.5 0.5
(Anti—coagulants)
S LTI
13 (Anti-psychotics) 11.2 1.2 21.0 1.5 9.5
SIMQA ol
14 (Anti~fibrinolytics) 13.4 15 19.7 1.4 5.7
dHRAE=ZET
15 (Sera&gammaglobulins) 11.5 1.3 19.5 1.4 7.8
A B517.5 56.9 816.9 571 6.7
130)
=24 HUAIHOIN A9 15 HetdE Hef 20k Y, Y, HAAXK|, =t
A, LFOEIS, 2LH0[HA, A28, 7| HX2EA, TR0, Y Z3ts X=X,
S|, SN, SHMEANN, SdHRA oM, Y ¥ ZiEE2ET AF0] At
Klotad ULt
zyst, @ Bt lon mE

S5 ZB, GG, WM, TS

A= S

O =2 3=/ 71Y 7

BASF

e S T2 & 9UF0| /MY =2 HISS RIS
[e][e]

159 LHO ZStACS.

s

s 3

F2 Jlg

PLA 2 PBAT 28 M=) 2|

PRI 2 ofE2 269 VIE

A7t §YES UEE A= Old=ED.

M2 7"t M7|F24Z(E-cracking) 71& g

EtA 54~E2(CCU) CO. 7|8t HEtES MY M| 2F
HHE{2] AXH 78 NCM Y=3XH Ha2tel 7ts
CIXIE 3fst Al 718F A8 z&3t 3 OXIE EX &)

130) dRe

S, 2021. 2020 MM 2M 20N, SIEEAMATISH
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71 718A LZE Zoll2 CO. 4%

I

=
et 25
=]}

Dow
OXE & AZ2old 38 |38 z[™st olUX|] H&
AZ/ASAE 1V|s 2 UHHY-E5 Mo Jls Zst
EUVR EEHRAE  HiA| S0/IC 2 S AX
X2 eHg Jls PFAS Mg TH, SApEL!
pubont Wls me/EHY  NSAEAIIS AZs AN
D2/1sERY AXY I2/AEEHY & MYE8 EHe
EAKZY HAZAXY U+ HE 42 &= AR i
Advanced Recycling |HZE2t & 22E LIZEF A
SABIC CO;, Mzt Ay 2A7IA K 7|8 S0H 3 Y
Ws AHHH| 9_|—71I|2|-11 ""I"Xﬂ SIE &
Evonik AlE-HIO|2AXY NS 7Isd H7tA|, HI0|LE2H
M7IRE Me7t/E20 EFOI0] MAH|SH ¥ LTSt
Asd 2XHEA S35 | Al 7|88 A A RSt
AR/ A2E 2 HHE{2| Al AR LHA§SH
s PBAT/PLA M5 +X| | &= D A2t 2=
LGt HIOIQUHA 78t 92 HAIRS 7|t HIO|Q-LIZE 28
7014 ZIA0IEE HE2AE oise 7= Y
AEtA Z2jZH HIO|2 7|2t HDPE, LLDPE A4t
Lyondell =9 EEAs} A A=K 7|8 2o 38 =Y
Basell e NEE HEAY BA £ NEE 6N H2E
=2 CAel XH%R X AA
SHATA THE 1EAt FE=M WG DAt T
Jzigkd =0 %DH z|Ast HEEE A B0 SHE
Solvay

PPS-PEEK 1715 ==X

2 YT A= 8%-Ev a8

Y A

HHE{2] BRI /ZaH

A
n>*'
E



Pfizer, Sanofi, AIE &85t SEEZF EZ, o5 22 7|8 ME
. A EMRD D=2
Recursion 7] &8
J&J, Bayer, Merck | OX|& ©2t 7143t | HA-SEY AkS&f, HI0E 78 QAAH

; orxs 1

Rochg, Illumm?, xEAo; = SFX} 7|bt OFZ-RIEH Tt

Novartis, Bluebird Tl= =ty
NIFL Google Health. | om o yjopn | mm, Aetzel, wejmeiol o= ojwujojy

Roche
. - OXE 71& 7|8 MAIRE okgzist oo M2
o ,
Pear, Akili OXIE x=H| ° xj2 o
Novartis, BASF A&7tsS EASEY ZetE Hx 33 4st

2 AY 72

of 5.6% Zf H2(2024A 7|F)131)

20241 7|Z °F 16X TP 7#2(2024E 7|F)132)

O AJARE

29 B3 M2 EIAZY Y RATESHO IS ABIN 40, £2 MY oEE

ﬂ

2 224 53 easy o
24 5 33Y N, 32Y AY HYE Kol S 2D o o)) met F2 7|
S2 Hig MY 2 JIE S MYS RNotw ct

55| MOl MBZO 12 3 BAAE, N2 W IS HE S 20| UE 9EES
20|01 9 = U HER 5 DRIPIR| MEZS MSHOR Jiustn It

131) 2025. Chemicals Market Report 2025. research and markets
132) Pharmaceutical Market Size & Share Trends Analysis Report. Grand View Research
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Zimmer Biomet

IZIHE X & {2 7|Y. Q7o #f X9t Mietds 2
‘OsseoTi’, ‘MTX £ =Szt

Edwards Lifesciences

E
AZMHE & A 2 7Y 2t S
‘RESILIA Tissue’ & &% #2&H X= YSHE 7|z g & &
2354134)

Abbott

Organogenesis

AONE = & AR 7|°* Xjol ol ME HALS DHis| A
4IE X87| 'AVEIR DR’ & i & 483139
LIACSH AR 7|91 QIZF ms & @UEH MZE 7|gh D CHA| XA

X|2H ‘Apligraf’, ‘Dermagraft S 7 L AL35/136)

LIAS A% 7|Y. LNP HIO|2{A ZHE HIZLIES 23 mRNA ¢

Moderna AN @ ArRENE)
ol2 Mot A|AE ‘FluidCrystal 7Hur 9l AL 3} 138) R AEfDEY
Camurus 7188 B8UCL SAIE LN, A BY 10 EE
DARBHE 7t =5
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