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The present and future of low—carbon machines
in the net-zero era

- centered on CBAM response strategies —

Gooyong Lee

- Abstract -

Carbon neutrality has been declared as a proactive response to climate change. Accordingly, coun-
tries around the world are pursuing a low—carbon society and introducing carbon border tax
systems. Europe has been in the CBAM Transition Phase since October 1, 2023, and will enter
the Definitive Phase in 2026. During this phase, importers will be required to purchase and submit
CBAM certificates corresponding to their reported emissions. However, the actual obligation to
submit certificates and pay carbon fees will not begin until 2027, with a practice period for trading
and holding certificates before then. The CBAM scheme currently covers steel, cement, fertilizer,
aluminum, hydrogen, and electricity. The EU expects to expand it to most products by 2030 in
conjunction with the ES ETS. The transition to a carbon—-neutral society emphasizes the importance
of low—carbon machinery, and steel, hydrogen, and electrical appliances are closely linked to
low—carbon machinery in the CBAM. This article provides an overview of the latest status of the
CBAM, analyzes the current status of domestic policy, industry, and R&D responses to low—carbon
machines, and discusses future responses.

Key words ~ Carnon neutral, low—carbon machine, high efficiency machine, CBAM

14 s=27A4¢7e



7[A LA
M4 H15(2025)

| Short—Brief |

HIO|2 - 2|2 SO[0fI 2| NGS &8
gt 7| HI%H| Alle| he Fe

NEtHefu g YL REA e FHARME S w4







7AiM | MAE HI15(2025) pp.15~27.

HIO|2 - 2| ZOF0f|lM 2] NGS

717°8H| &2 oS H

SHAT} ALY

- NGS 7|

S &t
=0
=

[ T |

oS -

JIOII

FCH 2k

ol
Ofor
1z

AMIE7IMEES

2 =22 NGS 7= gl
M2 MM NGS Bz
GO|E| Z5u 21t
=Jz0 g, HUME 3
Nanopore, PacBio s 2=
04 Ofl ChSob | fiet 7 [A1EH
A2 S 20MEZ Rl S8l o
IE HI-EI'OE oHAI IHleI :,_:ll-Al-iI. oo

(NGS)2 Ho|z, ot Rict 21
[0}l T2 K74 102+ 0| Arte]
O HoIo|Z0} B7RIE FILt ZEE71 7

A7t EMet

o

SHH 9|
I_I_
IT

=
7
il

=
2

EHZ O =]
M

dJ

nE O}-_|_|

E
i

jEges=

ULk NGS 7

-0z 20FO] et 7|52 A2 AT
HHE D, 00 thSsk=
AAl SOIA AiSt Al
I& ZT0M=

7|AEE| A2
SHO| 0|20 K=
22|E vs S2|E AEA
StCY. lllumina, Oxford
= =9It 0|01
|, At XtE3)

0|48,

=
e

H O M7 IMBE2M(NGS), H

7| A= A

,ANY S, ASst

Ql
=

=xgsy 2025 42 23Y

20251 6 16Y

AR

H

20259 6¢ 23Y

*0l =22 8k

=2
— =2
NS

2=, email: emperorhay2k@gmail.com

=7 A

17



7IAM AT | MAH H15(2025)

I.ME2

AN G714 DEA(NGS, Next-Generation Sequencing)S DNALY RNA2] 4714 <
< HFo & Wi2A si5ok= 7|&E, Hio] - o= #oFo] d4l 7e=E A2 Akt 200049
Z AR A E 2 FAIRE S 7iE Q17 -R-AA s 5u]8-0] =9 Dejo] oL,
2020 djof o] 28] NGSE &3 #-34 &4 vl B3 29 G| o= Jesty F44

249 diSs AldE I

[Z22 1] DNA A|EY HIZQ| S E H5}

Cost per Genome vs. Moore's Law

108 59 Cost per Genome

—=- Moore's Law

107 Theea
100

10°

Cost per Genome (USD)

103

2004 2008 2012 2016 2020
Date

A= NHGRI DNA Sequencing Costs Data(X74)

AR 2 [Z13 119 NHGRI DNA Sequencing Costs El|°]E]o]| UERL v} Zro] A|#EA] H]-&
2 Fol9 H2lS 57 k= S 2 F5te] @A A7F AA| fA sisr]Eo] E W 7R
oAt (Wetterstrand, 2023). NGS 719 H|24 A5 ¥/t v]-& A2 544 <Y
AHE 371 7R A FEE S8t W 959 A 75t Jitt. o]zt Het
of gJo] Hio] 2. o] = At Aol AH NGS E-&o] vi=A| g =]o] A =22 wfj2{th}] Agho]
dojupal 9t E =FojA= HA Hlo] 0.- 9|7 Ao Al NGS -8 Sfj7} 7kA4-2 9 Wsle}
A TS AT Do se o Ad, I A 4 X, AT thS 5 AR EoPd =
NGS E{jo] o JHEE 11 Jl=X] A |stt}. o] 204 [llumina, Oxford Nanopore,

18 a=27Aere



10x Genomics, BGI, PacBio 5 2% NGS A E 7459 7|& Ay} AR LS v
HA431t} E0 =2 o]ggt S50 tf-g-517] At 71 AR ] A ]
AA BA A, ABE Zu]- A 2] A, AP A A5 Al A

>,

A 87E FolB T, S 7| A A1 Q] AF40} FF IAIE H gt} o5 3
71 ALY oA 2 Hto] - 95 NGS At 9] 7|89t - Mk =&okaAt gt} NGS
71&2 A1EA v8 AT AYF SHE SOl FUR, of A, 3|AAS AT 5 vt
Fof= 28 WY& Fdfstar glow, olof upet TR 7] APdH] Aol = 2L 7137t &
o9tk

II. HIO|2 - 2|= MAHN NS NGS &8 =file} AlY S

NGS 71&9] Hg-2 Ho] .- 2= 4He] Zdute]] 24 Fy]
7HEEFSEAL Tk, A ofek A7 st A ZRRlE
Ado] ZhAISkE I QL F Akt 3| AAS A, A A SolA 71€0] 7R stAY
ol E o] NGSE 53l 7Fs-a AL et offjollili= 8 FopPER NGS &8 Shf AH|
oF 1 AP o s Awar

_1

A5AE AA o= & . 2
FAF g HARE B0l ERjollA] o A A 2] HAS Aok o] A o AlA
dolA B F R = 2] Yotk % 228 ofyet AN & o 3-8 DNAZHA] B4 5k= HA|
A 7= NGSE B3l Fa=lo] o] 27] Zekat Ay E| o]l -85 11 Qlr}. 2020
Zuto] o]2¢ 2849 EF8Honcology) NGS A1 17} 20236 2F 59 g2of| 4] 20294

119] 22 oo 2 = v o4} 44 AR AT 5 % Hobol 4 NGSel oet 427}
£5) %} (DeciBio, 2024). 0|23 B NGS A1) A4S Aj|ek A1 A4 Avlol 45}
| AE AH e A2xdo] B3t 588 F7HA71 T e,
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ZRRIAZATE. A2 Ho]2 A0 A =2 HolE F2]51aL Ay} A4 metsly| ffsl a&2o]1L
ZJERE SARS-CoV-2 4] &5 LaLe)E 501 NGS tlo[EE &850 7= 2m (Miao
etal., 2022), A& glo] Hht 9] Hio|HA AL FHA JH7 NGS= AJAt=|o] FA|ZH 0=
SHE o2 Ho| A1} AstxAe] 7]ofSleit) vl & oA 3R dF A=
: NGS gH|E Haolal #531E JA R EES F55k= 5 4=4<%

Z] Aol 31910 A A|lA NGS Al 2=
SAB| ARARE 71L& 3t 229 A (] 7]9)= 20249
oF 64 E&olA AW+t 9% AFER 20279 9F 839 E o o]& Aol (DeciBio,
2202219 1309 E2lollA] 202749

2709 2 tE=E T o) S E A 02 AT NGSQ| 9/ Ak 2-80] soidof whet
Zh0] A H B A== HIskar Qlet. vl=-2 21384 oF gkt thgt FH 915k NGS #id
AHAR H]8-& 35 E 8 (Medicare)ollA] A1¥517] A12FT, FY=HNHS2} Genomics England),
JNE=(H= Al ZRAE) & 57 FE9| tht i F-84 AFdZ A= 571 Folt}. o] 4 H
F2Y AU A= NGS AHIAE sk 714 AH] 28.9] F71E oJojA, ¥ 4
A AAEE SH R 1145 A AFESHE AlE &4 40 2] =)ol 7H&3eE 17 QiTt.
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IM. NGS 7|= ¥Xi 2 S8
NGS &-&o] Shgo] net s t8e 44 dolE o B3} 814 714 B4

sl Aot it AlEA glolE Agjole s A Y AHdI Z&2Ql mpojmafelo]

O, 6 AR S Lxm A28, ABA% 78 Faelso] A H3 ek
5 o
=

(B 1) F2 22 NGS FH| 7| H|W (2023H 7|F)

71Hd8 IE 83 A M HRE H| 2

NovaSeq X Al2|=

E5t MEfH 1= !
j TR e o8 SHATS A, Grail 014 221

lllumina _ EOHE~AS] X 77.6% .
= . OIAAIR ' FH 0|2, E5 25

CH2sx2)2y HiZ PaES
Oxford = o . N
N LHeTOf 7|8t | SOHA U AAREEAMOR EH| A5} A S0
oo MAZHERIE | MFAIE E HEE | 47% | SO, LheXof 7|2
oNTy N A S5t ol 2ty S MER
Pacific SMRT 78t | XY Za|c AIX X5, HiFi Mate 7|5t
Biosciences IHsE 22| | FA HH|2 throughput | 4.4% EMAIE &F, Revio
(PacBio) A4 (HiFi) Sy x| 24
a IHHAMY T|ut 52 5] 23 X4,
861 (MG | i o aysy | OPOLNIE B20 861 | 7.1% | Seimiat2la &n,
= /IEATS 2| A3 Z=xY 1 T 7lEE =

_A_

NGS 22 %+ < tQUA|

' CHIAM|E 2 27+ £9| &4, Xenium &
10x Genomics | o= l,:,*fnoEHLE 3 ), IHf N/A ﬁ;,_ijf.:,tﬂ P
TT_I_X“_I'___l = A4 lE-' oLT™ 7|E%EH
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7|4 Il EF A& MEF Hes H|:1
C)X|E IR E 7|8t . "
NanoString | o= HEE I oy 4 ot s S & Geohbx/Coshx =24,
Technologies S =T rd f i M= 7t N/A NanoString It&h £
g 2 o= oL wh Ale e Bruker0j| Q14
_ i A& K= 5} FICH lon Genexus EAl,
Thermo Fisher | BE=H| MA Z]8E | Is t; = = o Er:l
o o o | BUBO2 HA-AY 6.6% Asst AH /FE2
(Ion Torrent) BHT a‘|7| A|$L|_‘Io g@g _g_ér _—I_Lgd

A& DeciBio (2024), PacBio (2023), Oxford Nanopore Technologies (2023), 10x Genomics (2023),
NanoString Technologies (2023)

c
o

Sl Bopoll A AAEL Hol1 t}. [lluminas YA

E A
— LS hY
A AL, PacBiow EAR A2 B4 F2 285

(o] o}.},j
0
f
i
:42 .
=2
@)
Z
—

A A3 NGS &8 Sfl= Fol g, a8 g, 4w s 5 24 #opd = S3ld
Z1APG ol tigt =25 A&l Qe olE et o= A A1EA 24 A, AlE AAE
5L AJoF As-o} ], LA 2| A A A AsS} B HlolE A2 /lxEte] 37) foke R
ATt Al ARRE Alm EHIE 9% dA 2 ], T2)A gige] S HolHE AT
AHA 255k A|AF o] o] 27]7HA], NGS AH Aol thdet 71A171e 2] Fo] 89
Ty @A s A Al 3] a7l hol Aetstal o] =l ARjlellE Ve S5 3
AP XY AR o & 285kl Qlek (F7g 1, 2023). olofl th-85k7] sl 71 AP H] At oA

NGSQ] &4 AH], & FAA| o= ] AAl= 9] - Fd 7|4 - 5kl 7] o] Hofe
Hotz2 A @A) [llumina, Thermo Fisher, PacBio, ONT, BGI 59 a|9]7|4E°] A1
Feotal Stk ol A= A8 NGS A[EAE A4 7St 71 o] of2] glo], =1 NGS AH]9]
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3] oJ&50] 100%°1 7FATH (F4, 2023). T AH| L5 dlolH A2 £t gt
7} FIE AN 19 71 o] MR A, A2 AH] 7 A E wiuteh =) A St e
HIZE = A81E FHfsl] sl 2 Ale Aol mabA 712 3ol A NGS 4] =A4ks}
£ 93t A2k R&D =glo] a3}t [llumina® E30] 3 HE NGS AlZ o] 5= BGI7}

7 A AL B 0B SAste] 5 TS AR AROIA & % Aol SelvtetE R
g 1910 B B4 B WA 714 ZA0] L Bt gk e 49 o)),
BHEA, 22305 B Rofol Al AlAE A Beaka glol, o] vol §e] DNA
A4 e 7] Rt S5k 78 nheld M5 o] SRkt U412 oz AL

=2
X
H
=
)

S o] /35A A AlEE ol AIA

=3 359 AlEAE Ye7le a4
2oz o &= k. WA 27]ole B4 A NGS E3E Be 75 28 /IE7E
dAH oz 20511, HrlH oz FYE=E Fo7l= M| Aol 35422 AR
FHA A off Ao EY AaAlYS A5 NGS si=7le AHeE A7 532
ATHNEE 1*°H°F & Aotk (‘a‘zé‘ﬂ, 2023). o] ?HF 710l @=L Agdty] o HE
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NGS 24 Ao A A& &H](sample preparation) BA= AJ524<1 23-& ¢3t S22
g0l Ak, W A7k} Qlglo] EQix| W& 17}o]7| % 5th DNA/RNA &, AA|, o8
2] A&}, F= 9 FF 5 deo] MAE] YL Algo] 210 2 35t Q) WA} A F A
Z %= Slet. oo whe} H NGS QA4 st A2 A A 2] g8t ) 7F =Y s

R }\(]3q =

o] £.%|31 ek, THEA 02 A5 ol slE AlA, 2H B A% AoRIEY], B ol Hefe)
Zu] 9J2Au0ld So] A8SHElo], B AISS dEn agHow Aejgtons 91K oF
2 H20k5t Hefeke Seiaksta itk A gH| o] £ NGS AHOIAE 52
WA 2015, Algto] 3] olel g -4 E0] 54 Hel7t 7Rs st (Frontline

Genomics Team, 2023). =W 7| A4 Ak} ofli= o] 2|3l vlo] @ A|ek- A& A 2] Foof A
H| WA 29 A o] W2 AX A5 A 71307} Sl o)t F Aof7} 7hed 2258t
7|&o|y ulo]| A2 EFolg A(microfluidics) 7]1&S &3t 201X (lab-on-a-chip) 7]
gt AlE 1| 7]7] 52 8= 7|0l S E9E 4= Qe dYolth AAIE dF S S4]
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QEL A5 DNA 327U PCR A 23 5 arsto] A7-g AH] Aol Sk 9l
ot o] @ A|20] S B4 uho] AR AulE Age] A8 1 A% 710

NGS Altioll BAES 25371 HloiAl= Y] MES Al Ag]otal A= gt HlolH &
HEs| B - AT 5= U= T AsSE A A”0] HpAolt), AR A7 HES oW &
H(robotic arm)o] A A WA A& FEEF o]&staL, ZiH|o]o] A|Ago] ZF 4] 7+ A4S
a9stH, LIMS(Laboratory Information Management System) AL E ¢|o]7} AA[7O.
2 2= g3 Ho|EHE 4 - W st= ATEHS 9 Foltt. f-euhet 9A| g Y,
7t 718 52 SHOE NGS ATAH A3 =871 11 Q1o A= thii = A3t
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Strategic Responses of the Machinery Industry
to the Expanding Use of NGS
in Biomedical Applications

Hongseok Ha

- Abstract -

Next-Generation Sequencing (NGS) has become a cornerstone technology in biotechnology anc
medicine, powering innovations in precision medicine, cancer diagnostics, and infectious disease
response. This study reviews the latest global trends driven by the expansion of NGS adoption
in the bio—medical industry and proposes response strategies for the mechanical equipment
sector. The widespread use of NGS is fueling explosive market growth in areas such as personalizec
medicine, rare genetic disease diagnosis, and public health surveillance, while also introducing
challenges including a deluge of data and infrastructure demands. On the technology front, we
highlight advancements in sequencing platforms (short-read vs. long-read sequencing) and the
emergence of novel high—-dimensional omics techniques like single—cell and spatial genomics.
We compare the strategies of major international players — lllumina, Oxford Nanopore, PacBio,
and others —and discuss how the genomics market landscape is evolving. We then examine how
the mechanical equipment industry can respond to these developments, focusing on categories
such as sequencing instruments, sample preparation equipment, and laboratory automation
systems. The current status and challenges of Korea’s machinery sector in this domain are ana-
lyzed, underscoring the need for domestic innovation. Based on this analysis, we suggest policy
implications including the importance of localization of key equipment, enhanced in-
dustry—academia collaboration, and sustained R&D investment to bolster competitiveness.

Next-Generation Sequencing (NGS); Biomedical Industry; Machinery Industry;

e Market Trends; Automation; Localization Strategy; Industrial Convergence
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I[. M2

%25 (Ultrapure Water)= 1A .G S27HA] A/ AH 2399 14T HA|+2, 5 A,
gAZglo], A2k, Ux}E 5 ohdeh Hek AFdoll A ZEA AREE AL Ut 5] REEA] Aol A
Z5aE A 34 9] g3 Aol PFE A= F23 Aotk (Lee et al., 2016;

Zhang et al., 2021). RF=A9] vlA| sf 4 IJoA EE AAE Aol 257 2522
& ZEE7]| fZoletH#H S 9] 2020; oldF, FXF3] 2024). 2 53] HEEA| AF1 o
Aol A Uehz £okE, WH=A| A1 Q] £=Q.0f e} o] & FFAI717] I3 et A+
7o) A8 == AFol EARTHZhang et al., 2021). §3] o= ¥H=A] 499 =8
710l B A A SHE o S B8 I E =97 AIREY, o] & 9%t 8
SHAA Q] ABA} §7]1E(Small organic molecules) Al A o] Tl thakst AL7dto] A= 11
AtHZhang et al., 2021; Kang et al., 2023).

o]of RF=A7} FA ol & = A= Uzt A+
7] 915t sk AA 71, HUER, Aold 71& 5ol thet At 7 Z12) 2 A XA
A 57 45A Y Aotk Ty FlolA=
7140l oJ&sf gton, 3] A& 7=l EH“@A%EPHH%%&’M{OP%@ 9] 2016; A
9] 2020; o]&7, F313] 2024). SFAITF 20199 T 7 EAY A|

A -
2790 EFed %E]O]U]‘:(Fluorinated Polyimide), 14X E3k44A(High Purity

Hydrog Fluoride) ¥ ZEFH A AE(Photoresist)ol] tiet & A A3I= BHEA] AFo]
A71E F e = A T 7]5—4 4kt B @40 thFE UL, o] IFolA 2 7]
et AR A 3 T ARE JATHAE S 9] 2020; o1&, F%13] 2024

:LE'] OE]I_S _73:—{53,\—9}1 —|°:| E}ZF-‘?—]‘EO}_L% 1:1% :L_‘é._g] 75]}033%%1]3}7]
9foll A4 0 2 el Sals 2ot :Lew 012 B3 wkeA, HY Ax 413 2ofolA

91 714 036&%1% Asfakn g Ef;} JJ:L E3t g S5 %%—aap_g EE)
N

013 HOHHL X*—’F Oiﬁr H—éﬂ e EPOJ“P *ﬂldr ez ?L"JEPE 2z 71E9 B4
HEgste], & T AR 71 2oPER oF =71 124l 7o) ARl g st =
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29 T 55159 252 AAAYNLD) 714 5 3}‘/}?1 EQn Cq]a(TOplC Modehng)
&2 B3 ERAA(International
Patent Classification(IPC), Cooperative Patent Classification(CPC))& SsjA = &5
T = ATk AL o= &Y AR 9] £ 7]l e Z BT Foj 7o) 24l 7o) H A9
vl g 7] o]F 90, A9 BE 220 T} R okr|o] 7|4 7F B2 A EA 0 & YERER]
L=th= SHAIEE 7HA I JTHAISE, A4 2018: Rainville et al., 2025). oo & ¢+Lo]]
A= o] T4 WiFollA of2] 71ed W&o 23 -, 71e] oS4 24 ofu| 4 A
A ab# o g mhotst 4= Qlrkal %7}1%]& A HE 24 6’*E‘(Latent Dirichlet allocation,

o|5} LDA) r4]9o] E X pdlg) S 51251 Zlo] A5l 242 7 7| & Hols BEst S
42 Ao 7wy o] o]0 7]uls}o] 01-715 2P+ E]-(Yun and Geum 2020). °]& &3
71E AP A S SHIIL, 25 7189 olF oA 53] o] IFA o=
o] £01) 3 QA5 HeH 0 2 Wolsteirt. 1)1 olo] B8l 7} 7] Hopaz ofd velt
12)3 oj 29elo] 714 Be 5515 29511 JAS Bt oz RS,

£ 245t OHﬂ E|AE H|o]Ef7} o gt 7‘ﬂ(TODIC)—i /3=l O]LX] Ik HE
% stoltt. o]= &E4 A= (Probabilistic generative mode)?] g 7|FFo&
EAE HoJ§ £ofl= of /2] FAIVF 23] QlaL, B4 FAI9F At dolee thE T
Ex} G ZA o)A o A 45t Aolgl 7HYst = Edrdle] o gigko] el AE dgo]g
Lo YAl FAIE A5 o' 30 FEA LalESo 2 A ol 2ohE dojs 3T
o5 &3 HI=E AYshe B(Parameters) 5782 53f HIAE Hlo[E] 2] ou|d £25
E45= BHER] Aolth(Blei et al., 2003; Newman et al., 2009: Blei, 2012; Jelodar
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Egrdsg2 LDA 9ok, g&2 A 9u] E4(Probabilistic latent semantic
analysis), #2224 EF R (Structural topicmodel) 5 o1& WH4lo] 245t FLol=
He1d(Deep Learning)®ll 7|9tet BERTopic, VAEY -2 A2 HEE0] AA =1L Qi

o] & 7Fg ARt Rl W42 LDACIH, o] 2 @O SERE R HHH= ETE9 A
o] A=A Uedg Mgttt 12l oo 7|23t £A4-Toff@(Document term
matrix)& SHLE ZF A A Yehdt ©ol52] 232 F5) ET2 R0kl HEEd
(Dirichlet) &3] w2} sig Eof] £4 Tol7t Uehe a5 AXRIT. o= Y5l g+
g0l =5 A0 B2 FIAE EAo| aaZ{ol2hz 7S W=ttt o] LDA 49 EX
ZAF2 53] Apg]Fe} f2opol A de] 2851 Ith(Newman et al., 2009; Blei 2012
Jelodar et al., 2019). T}t 7|&H BE Eglolal Q= E5] Estolgjst EY Ao 9
A4 O 5 sttelnt. 71e 9] b5, AlFAQl 24 ofn] 571 A mhelvte] 2l
LDAY4] 9] Egm g o] /5o uf-$- %—i-_TL(Yun and Geum 2020), 5§51} 22 A9 gl A
E dloJgof digt FAIE =&l o] LDAZF ul%- axH&oe]7] wZo]tH(Goyal and
Kashyap 2023). sHlol4= 4 7|& #oFE 2745kl o]t Bl E 5559 252 i 2
= LDA Y EYHERS HA], i 7]& o7t oHet FAIERE /0] A=Al A5t
=50 FE ORI ATHR S 9 2017; 2272, AHIS- 2020; A7, 23K 2022;
Z5H], 473 2023 HAE, -3 2023; A3 9] 2024). & 54 7ls 2ok ARl 7=
H2OFE =E017] 918l LDA 1§49 B dgo] ARRE AL Sl Aot AFEez o5
91(2017)2 573 @A (Augmented reality) TH 5515 2= LDA BH4]9] Exn g

= AAlot] S ALY TAH AR 71e BoFss FE5Hnh. 18| A o]FA ER7E 7]%
HoFEo] 23 55171 2h= 551 A X AE )l gt 5AEA S 3 2oFd 7le
A, TS ISt B3 427, 23517(2022)2 A2A0] o 515t
= LDA W49 ER R ER S HAISH] AR 7]& £oFs BRFokL, 7—? H#of £319] AESR
F3FE=(Cooperative Patent Classification; CPC)l| tigt oju| A A 24
o] &3 cle2 Ao BobY 7esd A4S =ESIAL, F’S*é A H

ol

|

l'_4_4

(0]

O

1‘
1nru

0

Fopd 94742 ANk A 2(2024)= AH HA AEL FHR ARFAN | A
29 vlo| © E3152 LDA WA19] BN RIS §8) L4519, 1L Aol 7] 25t0] ¢l
Y 714 BEVIL 015 S5 9% N Y L "L YFHE AASHA
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=E| ELRYYS YR K24 7| 20 S

HI
s
rio
ok
0ok
HI
1z

1. HIOJE =& 3 HIOJE] 7HL

2 AFE g 55 HlolE= &5 A A 5 SRl WIPSONZ &8l 8=, vl=t, 5=,
Y&, EPOE 7= AN 9 Ziﬁ}‘ﬂﬂr. =
Ultrapure water 5= $4] 2.

AN 7 ES7HEE &

B 202399 Tlo|H & &4 th o= A5ttt 181 g E5]& <ls)
FEOE IYAEo] EUolv I 7|&9] &9 5] I s == AL A stA}, oy
£5]9 A9 SAEHSE 7|E0

o|5 &3l & 1,16949] £3] tﬂol AA A AA E5] glo|HE
MEAH o7 A% 27 £ 24 AMY 57Hi‘(?=_lé =, U=, 3=, EY)o] Y3 E5|=
1,071742.2 HA| £5]9] 91.6%= XAttt E35] &9 55| &Y A= 558702 thE

4= 55 29 A9 FG130)ET H UL ole 25 ¥ 55 £ 47.7%F

AA|SH 2A Ak,

SH= Zo|HA

el "i'y}ﬂ) #= | o= | |y | ¥ | PCT ) | W
1 2U=(JP) 65 | 119 18| 220| 136 558 | 47.73
2 | Z3(CN) 1 85 26 2 86 191 | 1634
3 | O=Us) 10 82 22 2 17 142 | 12.15
4 et=(KR) 51 34 6 3 24 118 10.09
5 | SYDE) 2 26 21 1 12 62 5.30
g 1071 |  91.62

1) £ Z4MAL Ultra pure water AND (product OR system OR apparatus OR equipment), (Ultra near water OR
Ultrapure) AND water AND (product OR system OR apparatus OR equipment OR process)
2) §717H 2025 3% $3=U7 (0] E5{ HIZIN 7k 7[2t01 113 67HRS 71Z02 20231 5 YR 7|1ZH3INY) 2| S5 E5t
Helote AE 1o CL, 2023 S/E 612 =7t LHE AZHH|S5H 2F0(|UCH 7|£2] 24 E-ES HHHS0]

WSt 102 WEHE0] 20238 M 7I2HS 7IFO2 Soig AMGICY.
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S S5 1 € B52 SIS 23 I 719 < KURITA WATER, ORGANO
CORPORATION, NOMURA MICRO SCI7} t4=2] 5| € &9oto] 2 &3] S Y52
7R Ql2o] EolE et 1t 0. & ul=2] EVOQUA WATER TECHNOLOGIES, 39
SAMSUNG ELECTRONICS7} ¥2 E5]& &dstovt & 7|d=d Hu @S o &9
Aol A & AXF7F UErT

(H2) 22QE S5i122 2 H HIS(E 671 22

No. | =dQ 3L SHANY(=FH) U | HIS(%)
1 JP29 KURITA WATER(JP) 206 17.62
2 JP49 ORGANO CORPORATION(JP) 112 9.58
3 JP48 NOMURA MICRO SCI(JP) 105 8.98
4 US11 EVOQUA WATER TECHNOLOGIES(US) 33 2.82
5 KR30 SAMSUNG ELECTRONICS(KR) 29 2.48
g A 485 41.48

AA ] IGofA= A Bt G211 LS 1ot fEAE BF ARARE YAAR

T E7E, A E P 9AE HolE Q] AA Y 1ol A YutA 0 & A A== E-8of(ex:
a, am, is, are, this, there 5)& AASIA}. o]F F=& E5] 25 ]
LElL= TholE(ex: invention, claim, technology, figure ) o] &3 HI=E4-S 539
A HE= o B4 AAo] fou|stA] g2 AR wet
water, stability, column, machining §)< &80]2 AAslo] A AT o]t HAS
&9l AA 27t SmE "AE HolEE FA-HojPd = HIAZ

i,
rlr
L
e
17
o
o)
w
o,
=
=
=)
17
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EQRUYE 5 EY = AR A 024 EY S0 TE BT (Perplexity)?)
4 S E(Coherence)s 71502 AAotct £4 Ay} (19 113 o] Eo] 671 A1
A EFE A 52 347‘4 2274(Gold cross)e] YR oW S = ARE 7P &7 Ueht
o SHAIRE 22 0] EY o= M fllA= EYE S8 TolEol tigt 9 AA=0]
A0 & metst= T’Jrzé E3F FQstrt o]o] EFo 5 4 ~ 8 W FHETF EA YERd
11, 142 AAsta 24240 EgHdH S 5 tH(Parameter 57%: Gibbs sampling).
JejaolE Bl =EH 7t EYREYE & 9] 207] HolES 712_2 £4 E}OM o]
Egof §HEA 0 5 3 sto] BT 7T FEAJ0] Eolx

ok
ofr
o
;R

% 27} 67091 Aol A 714
2 Eujo] thot B Eu
& 3k 30 E,joi%oﬂ 7)23}0] Fot Bok ATAE ] =012 Bl AR5t ol F

(23 1] ET 20| 12 SYEE) 2 SR

I
=
kS

0.42
metrics:

® Giifs204
& Canluar2009
B fun3c1o

+ Deeauczone £ 036

ce Score

0.40

S o038

L L . L L L s
2 4 6 8 10 12 14 16
Z 3 4 5 6 1 8 & ® o1 o© B " p
' rumber oftopics Number of Topics (k)

3) B EAS Q6 M2 HIt X|E 47kKI(GRIFFITHS2004(2 1= 7|8, CAOJUAN2009(Z ARl QALE 7|8h),
ARUN2010(KL divergence 7[2t), DEVEAUD2014(Kullback-Leibler Divergence " 7|2h)S 12oiS
GRIFFITHS2004, DEVEAUD2014 X|H£= offe 20| Z|CHY mf, CAOJUAN2009, ARUN2010 X|E= 20| ALY
ST 2H0|2 HEE 2~ US.
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Tt g7, A= E Sl vk
S S AIAE, VRS B AR ST, o 2] B ol wel, “EY 3l n|HA A2 2 st
Atk 6714 B F EY 103 9 F3 38) B2 9 £ wh) 223 =50
2] 9 o] 2 weho| A9 2o Wofl 2Ashs EES Al st BA1/43 9 g ==
Aoz siAdrt. EY3AA B 2 AL, ER40TA H EA )Y 49 A Wi Al
2= 5o digk Aol g S8 2 578 92 AT AW 7A ¥, EF6(EHE
S

EIm| EO4Y FQ S3H0{(B) ¥ a4y E3 (%)
hydrogen(0.053), ultraviolet(0.034), filtering(0.031), peroxide(0.02),
i _ | semiconductor(0.02), oxidation(0.018), platinum(0.018),
1 et H Eot| degassing(0.016), ozone(0.016), irradiation(0.015) 192
=Py (16.42)
o Eeg U EXE £ U= 0F 712 st
(7] 3Y), 3 ZHE 285 =245 Tt
electrode(0.025), catalyst(0.024), acid(0.023), chlorine(0.017),
PRI oxide(0.014), carbon(0.01), fluorescence(0.01), 189
2 HrS adsorption(0.009), sensor(0.009), nickel(0.008) (16.17)
o NI Z0HE SETt SN, MUt A 7|&
cleaning(0.065), pipe(0.050), valve(0.037), chamber(0.032),
_ | filter(0.025), wafer(0.024), drain(0.022), purification(0.016),
3 M8 H =2 rinsing(0.015), dispensing(0.012) 188
A AH] (16.08)
o Hi1E Y MY = Az SHE S5 M= stetE MA
o 240 NEH 22 S0 ek RX|
gas(0.066), heating(0.035), temperature(0.029),
pressure(0.026), pump(0.024), air(0.021), ammonia(0.017),
4 | 7= | chlorination(0.016), cooling(0.016), steam(0.015) 159
gxe 3 (13.60)
o ADLIOF, B, A4 TEA HIO|
g 2L, Y 39 XHS ot oo EH /A
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=2] ELoUAS BRH Zas 7|3 20F 55 £ 53 24
EL| EoH FQ £3H0{(B) ¥ oM £5] (%)
membrane(0.116), ion(0.060), resin(0.047), ultrafiltration(0.029),
o 23] o osmosis(0.025), polymer(0.025), ionexchange(0.025), 260
5 | =T = glectrical(0.024), deionization(0.016), desalination(0.016)
0|2 wst o % (22.24)
. ZOE Sot = &k F4X
. E*0|9—2f AME Hpst 52 S0t 2k = HE
film(0.037), particle(0.028), po||sh|ng(0.025), solvent(0.020),
5 FEl 2 | microparticles(0.017), slurry(0.013), contamination(0.012), 181
OJ2IXt M2] | sensor(0.011), silica(0.008), coating(0.008) (15.48)
« TE, T, M7t 7|dt uiat 42 St O|ZAt A
* Beta(B): 8 ELON sl HO{7t SEE &5
AR EdEE 55 29 59 B0l 4 44 EU0) 55 29 52 Belsert 1
23 =1, £54 7]% Bojo] 49 FEHO 20177 A0 55 47 A5eoAT
20189 YAH 7k T ThIZ B3] 29 47 F71990 E92 714 Bofel 49 2016,
20179 st & HAH 0= E5] &Y 7 dafote BES Ktk EY3, EQ4 7|& Hof
o 49 4202 552U 47 571510] 2018 HIgo] mL F Gastgont A
A4 E5] Eo| Aot Aol ERIFHAT ET6 7|& ool 45 Al E5 &4
o] ¥ | o2 £ 7]& BoFEof| vlofA= I A UEFHA] ghol P& Q1 S B,
20209 A & 3 &St B2 Holal T
o) A E £ 29 5958 HAsl] 919) 2710 mue 2 29 )9 2990
et 242 APsioict
[OE 2] ELYH E5| &€l
a0l Toaic 2
§30_~0 Topic 6
% 20}
£
10F /
~? o N N N N4 & o Wi v W
> » » » » » » » o D >
Application Year
e L R |



7IAM AT | MAH H15(2025)

£ 12 714 Bopo] 4| A2o| B8] 292 20174714 F28 Z7ksieo, 20184 G4
523 ol TAF Z7ISHE 2A1E BT 1 27 Ex1 7] Rolol4 Yxo] 117402

5
7H B2 558 9 Aoz gRlFHE, ol A B ¥ 2 5591 60.9%E
AT S5 5 O Ueke ke B 55 29 a7 ASH 2R FUskL jloy, dio
lsl A2 Ql 29 7t A o] Fig2 JA UETh 48E SR e gl 7HE =2
53] 9 4FE(44.2%)= HRAL DE(17.5%) 7 S=(14.9%) L3 v1=(7.2%) 2] 447850l
A e o]F 53l Do) 3= HIsh JFES WA UERd oY, HHA A4S Holi
W70l g 71& =2okelM 7e ARH S A4 22 FAskaL Zdetelr| /18] et AN
< oloP7haL Q2= #5E  ltk. T2 oof Bl I Tl S5E Sote] w2 HRE
= 7ML Qe o] EF1 7]& ZofllAes 7 ARl =7kt e 4 Al

QJ=.9] KURITA WATER7} 6274(32.3%) 2 & 713
ORGANO CORPORATION(287, 14.6%), NOMURA

] = o]} Yito] =1
714 Holol] 285 AR £5] 5 60.9%E A5} ek B LT 1) Q2 VoA heret
719150] £312 2 Uk 9l o] ohet £4:0) 2 7 7|¢lo] B3] 2ULS FESHL 82

Number of Applicatio
Patent Growth Rate (CAGR %)
=

g 10 20 30 40 50 60
Year Patent Share (%)
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Top 5 Appl et Godes

o Jra
—o— Jpa

20

=
u

=
o

Number of Applications

No. | SEd0I3IE SRUZEH) U | HIS(%)
1 JP29 KURITA WATER(JP) 62 32.3
2 JP49 ORGANO CORPORATION(JP) 28 14.6
3 JP48 NOMURA MICRO SCI(JP) 17 8.9
4 US11 EVOQUA WATER TECHNOLOGIES LLC(US) 14 7.3
5 KR30 SAMSUNG ELECTRONICS(KR) 10 52

B 131 68.3

2. (ET2) M= & 504 2

E32 /1% Foll Mt 39 ARAVL FEAA Uebgth. 33 20155 9% 5
2 glont B3 24 471 128 el 1 A% F3L £92 7|4 Hopo] 4 F3L
1270 714 B E51% St ol E2 714 Hoo] 4] 53] % 50.3%S XAk,

T o0 Yol 2014, 20159 t8] E51E St o|¥ I U AASH = S
ﬂ%@gilﬁéaéétﬂd4%%&2%4%4%%%%%@%%1 =3} Y& T}20
Hﬁﬂﬂ%deﬂhkzﬂ&%ﬂﬂu-<?k% =, YR} FReS v ushr]of
4 A ATH114 %)qﬂﬂﬂez ﬂi% Qzﬂ Hopol Al LE(-4.4%),
] =(-15. %)Eﬂl -4%7PP~(L4 378 3t Aol vlal $H=2(17.5%)2 S=H44.5%) 7
SR Hw%ﬂﬂ°°4H%§%é-lHE$

A AT 53 Ve A Ee FEsaL

iﬁ
o
T2
2
O
mlo
F&
: t“
)
d
o,
Loy
i)
i)
o,
m
o[-rrl ﬂl
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7IAM AT | MAH H15(2025)

[0 5] 22 =XE 551 28 = X JYE/HRE(ELY)

25| Country

—— P

N
8
t44
5
5

= =
o «
ent Growth Rate (CAGR %)

Number of Patent Applications
N

N

Pate

=)

10 20 30 40 50 60
Patent Share (%)

o©

45.57 H&o] HQlo] 9l 1919 Bt 5.6712] E3]E &Yt HollA, ohE 2 9]
71 BolsE T = A4 02 tho] SURlEC] 5] &Yl Frofstal glou, s Fofd
gt E5] So] WHEA 0 & o]RojX| R = Pl lrkal T &= Qlet. £ U A9 571 %19
9 5= g91%H A3}, =] NE CHEMCAT CORPORATION7} 7H4 B2 E35]1E £-951%

No. |E8Q IE SHANY(FH) S| HIS(%)
1 JP43 NE CHEMCAT CORPORATION(JP) 13 6.88
2 CN7 BEIJING NORMAL UNIVERSITY(CN) 7 3.70
3 CN17 | CHONGQING UNIVERSITY OF ARTS AND SCIENCES(CN) 5 2.65
4 CN40 JIANGSU UNIVERSITY(CN) 5 2.65
5 CNb7 QINGDAO UNIVERSITY(CN) 5 2.65

g A 35 | 18.53

42 =7



2] ELDUAS BB Zad J|E 2O0F 55 28 55 24

3. (EW3) MH U 28 A AH

E™3 7|& BofoA= 4& Z7Ysto], 2023 E7HA]
% 90719 E35lE &Yt ol& AA E3] T 47.9%= xmﬁ}vt—#‘l Itt. o] & 53l
E53 7|& Eofoll A= E5] &0 qlo] 9] HR-go] 4P| =2
Th&0 & nl=to] 4671(24.5%), T=rt =Yo] 1871(9.6%), =0l 1 7d(6 4/)94
oto] Y& 02 =2 55 Y AR-E&2 Bt 2018|001+, &

9
AQ
A|m
o
i
(e
Q9
[N}
(=)
\}
(@]
%
=
-
)
(e}

i
f

1,
4
30
o

AZ0]0
T u=

o
i
T
)

AQ
B
Blr‘
T
(e
)

FA8| Agstgiey), vao] 9ol 147} sletsha ort 20184 1?0115 o 582
A&H oz 2% v, EY0] A9 o) Aol o] S515 293 ¥ 20204, 20224
7 179] S3)9He 2Yslo] Bl B3] 290] F25) Fasiggo] Tt ofo] n)

|
(-11.5%), 5L(-14.3%)2 2(-) AFES B At $H=H25.9%), LE(11.6%), 5=(0.1%)
O] A% FHH) Y AFES ot¥ =], o|F sH=o] 7MY 52 AFES KPS FF 00

7k BAAES 7HA A ]I
E13 7|4 Bolo] E5] U AMY 57 99 B4 A3} E3] &9 AY 57) 7|Ho
A E5] 299 46.8%F AFA|okL AUTE o] FolA = YEL] KURITA WATER7} & 477
(25%)2] E31E &Yal 1, 2017dol= 177 2020%011{— 1279 E51E *ﬂﬁ}
o] &

—_

1]=-9] QOL MEDICAL(134, 6.9%)&, 2014~2017d A}Ol of @%34 O g 5515 &gt o

T 559 92 gle 2 2= FRIF I tha 2 = gH=9] SAMSUNG ELECTRONICS
7} 10719] £315 &Ysto] Al A2 w2 E3] 2102 SRIE| A, o]59] 4920215 -¢
20234 3709 59t 1079] 5518 BF Yot 2 50 29 4ES HolFlth. 429
NOMURA MICRO SCI® 2] MERCK KGAA7} 5YsH 949] E312 &8I,
NOMURA MICRO SCI9] A% il 1~279] E31E A& o2 &Ystthd, MERCK
KGAAS] 73520181 9719] E3515 &gt o] % sfid ol thgt £5] SHo] Ad] o|Fo|Z|A|
ko AMtE] H&5-9 HojFQT
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Number of Patent Applications
Patent Growth Rate (CAGR %)

20 30 20

Patent Share (%)

(22 7] S5 22 49| 57§ Q10| A= S5 S8 H(ELI)
. T
;o /
o/
Zz 4 \
\
2 d/ \—.
< o> & o 2 & A o> O Wid "3’
0 D > D » » » » D » 4
Year
(B 6) S2QIE 55122 2+ L HIZ(EE3)

No. | S8l IE SHAHFH) SHU+ | HIE%)
1 JP29 KURITA WATER(JP) 47 25.00
2 us27 QOL MEDICAL(US) 13 6.91
3 KR30 SAMSUNG ELECTRONICS(KR) 10 5.32
4 JP48 NOMURA MICRO SCI(JP) 9 4.79
5 DE11 MERCK KGAA(DE) 9 4.79

| 88 46.81
44 a7
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rio
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1z

4. (ET4) 712 H BX2| 3

E44 7% EololAl= Yol F 60712] 515 &Ysto] o 7| #oF A4 £ 249
37.7%% AA 5t Qlolt. YE-2 015L4 o]& mjd 47 oli}e] E515 &Yt
2017¥(1670), 202241 17)N= o A& tie] o B2 5515 SYoIolth. th2 2 & ml=
3071(18.9%), &= 2471(15.1%)°] Yo l oo} g2 =9 &

(1174), 201988 A)0 121 22 2016E(174)0] AF5ZH 07 B EFE SLUA. o]
£ B0l B4 7]& Bofol| A 37 (LR, v, 52 53] &9o] 2016193} 20174
AEH o= Yoo 1T 5= vt A7ids E5] 29 719 AxKTime lag)= 71&
Hoputrh fr27]0) £ A3 2G4 Q1 QIAAE BT 4= flok. 22y o] E5

IEPEM 4 o|gt JEolet & = AS ﬁolt} E5] 39(-33.3%)°] 74 20163
20184 77}11 E}T«I 501% ZY3t o] % 202293} 2023 9] ZF 1A% 9] E5|uhS &5to],

[0 8] 2¢¢l =XE 551 28 + X JYE/HKRE(ELY)

., S

e

=20

Patent Growth Rate (CAGR %)
|

-30}

5 10 15 20 25 30 35
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Number of Applications
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No. | S8 3ZE SHANY(=ZH) S | HIS%)
1 JP29 KURITA WATER(JP) 27 16.98
2 JP48 NOMURA MICRO SCI(JP) 18 11.32
3 CN16 CHINESE ACADEMY OF SCIENCES(CN) 17 10.69
4 us24 MKS INSTRUMENTS(US) 12 7.55
5 US11 EVOQUA WATER TECHNOLOGIES(US) M 6.92

g A 85 53.46
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1 JP49 ORGANO CORPORATION(JP) 70 26.92
2 JP48 NOMURA MICRO SCI(UP) 53 20.38
3 JP29 KURITA WATER(JP) 52 20.00
4 DE11 MERCK KGAA(DE) 17 6.54
5 KR30 SAMSUNG ELECTRONICS(KR) 6 2.31

g A 198 76.15

6. (E&6) 22 X OIEXt X2

ET6 7]& 2okl 7H B2 S5 9T %7H:— AEO 7 F 55707 EFE &5l
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Analysis of Patent Application Trends in Ultrapure
Water Technology Using Topic Modeling

Song Bi Kwak, Kim Keon

- Abstract -

This study analyzes patent application trends in ultrapure water (UPW) technology using topic
modeling. By examining patents filed between 2013 and 2023, six major technology topics were
identified: oxidation and purification, electrode and catalytic reactions, cleaning and circulation,
gas and heat treatment, membrane separation and ion exchange, and coating and fine particle
treatment. Japan leads with 47.7% of total patent applications, particularly in membrane separatior
and oxidation processes. China shows rapid growth in electrode and catalytic reactions, driven
by universities, while South Korea, led by Samsung Electronics, requires further R&D and patent
strategies to enhance competitiveness. This study provides insights for UPW technology local-
ization and suggests further research on national technology strategies and patent impact analysis.

Ultrapure Water, Topic Modeling, Intellectual Property Strategy,

8y wonds Patent Application Trends, Technology Localization
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EHI Y] Hud BA, #- A4, v-5 7ledd B4 Sz 8 2= 557
T RIS SHO R 71455 ol e

AL ot ERI 2.0 Aldi7F =3l whet nl=it S0 4, B 7127 Sk TR
AE) 719 ez S8 o] B AL Sl A A A

AEA ARG A2 Q9] 5l 2fo]R} =7} FA| WA ] 4l QAo chHAIRA, 2019). 2022
718 AE ARG Y AAA| 9 S ALY S AA ARA Q] 72 41.2%, 48.8% Y] =2 HIGS
AFASEAL QITh, A AFQJ o] AALARL. 1 1502 5,5849] Yo & HA AFA 9] 55.5%= AHA|
T Qom BRI AL 4132 2,500 Yo7 AA AP 57.2%0] Eoh= = Bt

Sl AT Aol A A2P S 2 ¥IF2 AAISIAL 1w, =7}

(G B R )

TE ArRH 5 SHE = S Gty
HEH 73,260 2,981,764 7,222,731 20,737,781
AHY 30,212 1,454,533 4,132,500 11,505,584

HIS 41.2% 48.8% 57.2% 55.5%

A2 ZIEAZH(KOSIS), AMEZAH|AASSERAL 2t GIE, 2024.07.9 7|

A=EE AW EH 201749 A7 AFY 2] AFIA 4= 28,779710114 2022 30,21270=,
SUY 7= 1,437,13778°0141 1,454,533 2. & 217+ 1.0%, 0.2%% A% F7F5FAT. A
< 832% 8,5159 ¥ollA] 1,150% 5,584 ¥, F7P7HX A2 308% 3,232 HoflA] 413%
2,500% Y02 77t AW 6.7%, 6.0%2 71519 Th oS F7HEE FESlo] Au
AR O] - 117F thH] 2¢7ke] ABHS7HE] 16.0%, F7H AN 11.5% 716t
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AL
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N

1) 7I&EH

AR %, FUU 2, 57 L S 5 — 2o0) ] A19) 202 1A vhebieh
AR AF2) A9 AR S 5091 1]k o] 7HE e W HYY 4 5091 o4 Lol
7V S 3keh. BRI, 2592 30091 )4 1ol 2
Uiehgeh, 28 A9 A9 AAA S 509 vek Igo] 7 L b
o %o}oﬂo 30091 ol 150 74 31 5091 Hlgt 1go] 74 WA Ueheh, 4] Akglo)

9 AR 491 FUA 4= 5091 1k TFo] 71 A ehton], 5 y

5091 o1 o1 714 631 30081 o4 280 7 YA Uik

H6) J[SSAY(EY U MEHS

TE A =00 SHE =@ 717X (2 #) E51% (o )
X A 46,965 2,204,267 5,676,108 20,656,849
500! 0] 2f 37,763 769,701 1,022,935 3,216,197
5021 0|4 8,046 809,806 1,953,938 6,652,641
3009! 0J¢ 1,156 624,760 2,699,235 10,788,011
2Z LY 108,651 5,706,644 13,954,947 31,942,292
509! O] 2f 88,004 1,817,362 1,894,734 5,156,690
5021 0| 18,256 1,838,888 2,560,806 7,512,771
30021 01y 2,391 2,050,394 9,499,407 19,272,831
SH[ MY 20,782 712,415 1,127,579 2,813,608
500! 0] 2f 17,715 345,406 420,523 1,005,454
5021 0|&f 2,832 270,818 457,739 1,164,628
3009! 0f¢ 235 96,191 249,317 643,526

%) 2017 ~ 20224 HO|H, 7|&S8AHZ a2 &7

FUAIE, ARG B AL BE — 28— A 4 202 $2 TS HAT
% QI SUUG RPN 27 — 5 — ] 41} £02 1A Uehgron, 2ol
FUUAT FUEYHE G — FF — 24 419 202 22 AL Btk AT

BT, ST R, EAYT BRI BE 30004 1F, 5091 o4 1E,
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5021 H]gk 15 402 1A Uehith U HE, B H0] vlEL Al e S99 o]
we} k2 A4S Btk 2519 3 R 90 1] Bt AL A el B

(B 7)7128HZ(EHYRY ¥+

~

o L 2RI | AR EaE FLEG)

B HIS (%) HIS%) | S7171X[% e 2) | 277X &) | SZHEHI(2 2)
ATH AR 5.10 34.21 674.0 2.33 0.33
5091 0|2t 5.25 34.39 26.9 1.33 0.44
5091 0[4f 5.55 33.40 210.3 2.10 0.32
30091 0J4f 4.51 34.84 1,784.8 3.56 0.23
BZ A 11.05 36.88 931.2 1.76 0.42
502! 0|2t 10.33 37.81 21.6 1.04 0.60
5021 014 10.50 36.37 136.4 1.39 0.43
30091 0J4 12.33 36.45 2,635.7 2.86 0.23
| A 1.89 40.00 286.2 1.65 0.47
5091 0|2t 2.36 42 54 24.2 1.23 0.63
5091 0[4f 1.86 39.28 147.0 1.58 0.44
30091 0] 1.16 36.96 954.9 2.47 0.27

Z) 2017 ~ 20224 HO|H, 7|&S8AHY a2 B

S EEN
Eos
= AHRAR| = p value S = p value
MNEA —'?'—{f?fim -0.0358 0.5534 0.8326 2.2e—16%**
el -0.0383 0.5262 0.8223 2.2e—16%**

2) % (0.01, ** € 0.05%, * { 0.1 XA EAXNOZ Qo3

el e I



7IAM AT | MAH H15(2025)

201755 202297HA] 9] &7 41 9] 58732 0.285% 71.5%2] H|&-&/Jo] EA5t=
Ao 2 ettt ArEE A EH, AR 42 0.354(64.6%), F-F AF-2 0.255(74.5%),
] AFG2 0.248(75.2%) 2= U 4] — R — A7 A =0 & H| 5840 7H =41
UeRgT ZF 419 a84 Wsls F7hE R AR 2017~201949 diH] 2020~20229
87301 47} 5.2%, 5.6%, 5.4% S7Fote] H|E-&/d0] WA= 1L 9l &1 4= At SUd
TrEER A EE 5091 1|9k 152 0.164(83.6%), 5091 o4 152 0.242(75.8%), 30021

ol 1F2 0.474(52.6%E TA Y HE7H 225 H|a&4o] =4 UEHHTh B84 BstE
FrEE AuEd 2017~2019L% thE] 2020~2022 B-&/30] 242} 4.2%, 6.1%, 5.6% 575t
of H]&84do] 7RAE| T Ql2-S BIRIEh 4= Qlrt. o)1= 20201 F21H 99| Fako 2 Al ZHto] A
Uil 0] A= 5 3 S0l EehaL A5 A o] EAdol St
S A2 20199 o] F T4 - K- 73] A o #(19.84),, rMH 2] 2,04

g

(20.79), 5 AR/t 43d 02 484 ANe B go] Y A2 248 £ % AUt

(B 9) AX-22-HH| 4¥o| 584 HsK2017~2022) (ot o

A8 32 | 3718
'17~'19|°20~'22| &t

(a) (b) |(c=b-a)
A A 0.321 | 0.324 | 0.312 | 0.354 | 0.373 | 0.443 | 0.354 | -1.5 11.9 52
50! 0j2t | 0.163 | 0.165 | 0.166 | 0.176 | 0.195 | 0.213 | 0.180 0.8 10.1 4.6
5021 014 | 0.263 | 0.278 | 0.263 | 0.272 | 0.323 | 0.358 | 0.293 0.0 14.8 8.5
30021 0|+t | 0.536 | 0.530 | 0.506 | 0.614 | 0.601 | 0.758 | 0.591 -2.9 1.1 3.9
25 MY 0.233 | 0.241 | 0.234 | 0.245 | 0.275 | 0.300 | 0.255 0.2 10.7 5.6

5091 0J2t | 0.132 | 0.136 | 0.139 | 0.144 | 0.156 | 0.170 | 0.146 2.6 8.6 3.5
5021 014 | 0.191 | 0.191 | 0.201 | 0.196 | 0.215 | 0.236 | 0.205 2.4 9.7 54
30021 0f&f | 0.376 | 0.396 | 0.363 | 0.394 | 0.454 | 0.494 | 0.413 | -1.8 12.0 6.4
| A 0.256 | 0.246 | 0.237 | 0.235 | 0.250 | 0.265 | 0.248 | -3.8 6.1 54
5091 0J2t | 0.175 | 0.174 | 0.162 | 0.168 | 0.160 | 0.187 | 0.171 -3.9 5.6 4.2
5021 014 | 0.254 | 0.238 | 0.212 | 0.229 | 0.232 | 0.239 | 0.234 | -8.7 2.3 3.5
30021 0|+t | 0.394 | 0.382 | 0.405 | 0.358 | 0.432 | 0.437 | 0.401 1.3 10.4 8.4
HR| A 0.268 | 0.270 | 0.260 | 0.278 | 0.300 | 0.337 | 0.285 | -1.5 10.1 55
5091 OJ2t | 0.155 | 0.1567 | 0.155 | 0.161 | 0.170 | 0.189 | 0.164 | -0.2 8.2 4.2
5001 014 | 0.234 | 0.233 | 0.224 | 0.230 | 0.254 | 0.275 | 0.242 | -2.1 9.4 6.1
30091 0|t | 0.437 | 0.441 | 0.423 | 0.465 | 0.501 | 0.576 | 0.474 | -1.7 11.3 5.6

1= 2017 | 2018 | 2019 | 2020 | 2021 | 2022
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(1) 878 48 2 HEZSEAEY
2 AFofA= ARG AR Y] SEF AT SHY R §E88S
o] A4 AAS APt Shapiro Wilk Tests Bl A4 A4 23 H& 1F°
Aqt/do] 7124 =Tt kA FqtAdo] 7|z met B84 v wE ol B2 AAA e
Krukal Wallis TestE €-85t9 & 1 &4 Zol& )
1

=
2242 FAXOE FouIst Aol BHIT 4 Agih

H 10) Shapiro Wilk Test & Kruskal Wallis Test

T2 Shapiro Wilk Test T2 Kruskal Wallis Test
W 0.7012 chi squared 61.253
p value 2.2e-16%** p value 1.5e-07***

2) % (0.01, ** € 0.05%, * { 0.1 XA EAXOZ o3t

(2) 525 U5 584

167 355 959 B84 FUY FRER TEsl] AR A3, 5091 vgk 159 58
742 0.164, 5091 o4 152 0.242, 30091 ol 152 0.474= Yt 5091 B9t 159
A9 30091 o4 18] 1/2% o Hi o et £ 7o B 584 WA}
A UL 9182 8IS 4= ik, A7 AH 9] 0 A%, @ Shehed W St E, 6
13 FEAE, 55 AT @ AARE, 3] ARle] @ A/FEA] 9% 5 30091 o1 15
49 59 A% FHCR B4 WAV 2 A4S B

!

{

EN)HEF MH U FES ASH 24 H|W

e zo= 50¢Q1 o2k 5091 o] 4t 300¢Q! O] & E—_.’_-‘-
PTE =< PTE =< PTE =% M}

D HQHE 0134| 16 | 0154 | 16 | 0518| 5 |0.176

o |8 ReEmE [02a1 | 1 [ose7| 1 Joes| 1 o279
ho |©TP Y BAASME 0140 13 | 0182 14 | 0287 | 11 | 0062
@ H2% Z2HE 0157 | 7 |0230| 7 |o0404| 6 |0.104

® 17 BEHZ 0227 | 2 10331| 2 |08 | 3 | 0259
e 0140 | 12 |0180| 15 | 0.266| 13 | 0.052

ig @ Yo AR 0157 | 8 | 0195| 10 | 0261 | 14 | 0043
® M7|FH|2= 0137| 15 |0211| 8 |o0387| 7 |0.105
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- ey 509! 0|3t 509! 0|4 3009! O BE
PTE | &9/ | PTE | &9 | PTE | &9 | Hx
@ HMARE 0140 | 14 | 0183 | 13 | 0866 | 2 | 0.333
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FET|HBE 0.161 6 |0280| 4 [0352| 9 |0.079
@ HUTISAH| 0149 | 10 | 0.195| 9 | 0.561 4 | 0.184
- @ MASHAH| 0149 | 9 | 0186 | 11 |0270| 12 | 0.051
;:@ @ Yt=H|-CIAZ20|XH| | 0.197 4 0.250 5 0.373 8 0.074
@ HZ2E AHS3HEH| 0199 | 3 | 0.301 3 - - | 0.051
® ASIH| 0162 | 5 |0237| 6 - - ] 0.038

p ey 0164 | - |0242| - |0474| - -
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s AT MeS BE M Bt gy
=™ | PTE| SE | M™xt | 99! | PTE | SE | M™X} | &9 | PTE | SE | Mx} | 9
5091 0|2t [ 41.8|58.4|16.7| 7= | 42.2|51.7| 9.4 | 71 [ 41.8|59.8| 18.0| 712
5091 014 [ 47.1]52.6| 55 | 71& | 46.5|39.3| 7.2 | 72 [ 47.1|50.4| 3.3 | 712
30091 04t | 61.1|39.0 222 | #2 [61.3[59.1| 2.2 | #2 | 61.1]39.8|21.3| 7=

w3 [ 50|50 | - | - |s0[580] -] -]5B0[6B0][ -] -
st (1010 - [ -Jwofwo]-]-]w[n]-]-
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YA 7 Sl 4] AR 202 ShABIE 4= Ik 5091 Wa 2 ARIT ] ARIE 241
wio] §1X/3}0] 7|47 SulolA] v A0] EARTL S-S AZFH o 13t 4 olrt. whl
30091 o4} 24 AL ] A110] 9 4AFE RS 9 X|5}o] A4 T2 SRo A ] E LA

92 2717 o 2 ARl 584 iAo ¢

(e
)
=i}
By
n

»
i)
ol

e
ro
)
[y
)
o
=

o)
djo
flllo
1ok
rO

o
e
39,
o

2% 30091 04

1) X &: PTE, Y &: SE, HHE 37|: PTEQ+ SEQ| HX}
#2) PTE, SE= H+ 50, BEMAL 100] =S BESI6H 4t

st=7A¢Rd 75



7IAM AT | MAH H15(2025)

2) ZE25 ¥3E Hg24 ¢l
FTET YSEE MRS YU B4 A A 419 -9 5081 Bt 152 O A-RA
&, 50¢1 o] 152 @ &E4d ¥ EAE, 30091 o 1E2 ® 1R 9 ESAEAE
JF9 BE&A HAF=A YT 5 4119] 5021 wlgt 2 5091 o) 152 ® =571 A%
&, 300¢1 ol 152 @ YV AIREE ASY HAPE A WErEh ] 4kd 9] 5091 vvt
2 50Q1 o 152 @ ARER ZpsadH], 30091 ol 152 © AUk 452 a&
d HAZL A UEH T ol A8 749 SEF 4S5 THolA B84 7149 44
e gFoR shuE
(B13) 527 2952 39 8 Hg2d &2l Hl
s 5091 Ojot 5001 0JA 3009! OJA}
= PTE | SE | M™x} | ®QI | PTE | SE | Mx} | 991 | PTE | SE | Mx} | flol
@ |39.8(60.1(202| 712 | 40.7 |56.2 | 155 | 712 | 47.0 | 30.2 | 16.8 | 7=
@ |63.6|50.8|128| 72 | 68.3|33.7|34.6| 72 | 63.7|55.7| 80 | 7=
ﬁg @ |41.1(327| 85 | 72 | 42.6|46.9| 43 | 712 | 375|554 17.9| 712
@ |45.0(471| 20 | 71= | 45.8|495| 3.7 | 712 | 42.4 | 52.4|10.1 | 712
® |60.4|594| 1.0 | 72 |525|63.7|11.2| 712 | 59.4 | 56.3| 3.1 | 72
@ |44.4|51.7| 73 | 712 | 435|57.8|14.3| 712 | 436 | 54.5| 11.0| 712
@ |60.9(39.3|216| 72 |47.2|51.4| 42 | 712 | 433 |56.6|13.3| 712
wz | @ [41.1]490| 80 | 712 |51.4|480| 34 | 72 |489|57.0| 82 | 7|2
M @ [ 43.7/626(19.0| 712 | 44.1(55.6|11.6| 712 | 69.9|57.2| 127 | A=
® |455|59.1|136| 71 | 44.3|56.2|11.9| 712 | 47.0 | 34.9| 12.1 | 72
® | 64438226272 |69.5|309|38.6| 72 |47.3|39.7| 7.6 | 7=
® | 401|555 15.4 | 712 | 40.7 | 47.3 | 6.6 | 712 | 63.3 | 40.6 | 22.7 | 7=
@ | 402|585 183 | 712 | 38.4|60.6|22.2| 712 | 39.1 | 45.6| 6.5 | 712
jﬁg ® |61.3|57.0| 43 | 72 |53.9|61.7| 7.8 | 712 | 47.6 | 63.8| 16.2 | 712
@ |626[315(311| 72662352311 | 72| - | - | - | -
® |45.8|475| 1.7 | 712|508 |452| 55 | A= | - | - | - | -
) PTE, SE= 122 AQ#2 Bz 50, BRHA 100 52 B3 2t
XA O NRME @ 2T U SISHIE @ 1T U ZAAEXE @ U234 TSHE © 15 Z4KE
X 22 D 3A7IBHE @ YTARE @ M7 |HHIEE @ HARE © U722 © £87 422
X ORH) O YRR @ MYDHEH| @ HHEA|- CAS0|AH| @ HX2R XS5 © HEEH|
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7IAM AT | MAH H15(2025)

] A49] B4 F(H] P Fe 99102 ekttt AAHY Bl nE
AolH EARCR SolulsiA tehgont, 1 e njuld Aow et

L
|o
+

Q0| A A+ 2E 44g HH| £+¢]
semE Esti. |Std. Err|p value | Esti. |Std. Err|p value| Esti. |Std. Err| p value
EXefke]

c;j%d -0.012 | 0.004 |0.005***| 0.000 | 0.001 | 0.397 | -0.013| 0.001 |0.000***
MES -0.001 | 0.002 | 0.469 | 0.004 | 0.001 |0.001 -0.005| 0.001 |0.000
AR ok . *%

SR 0.000 | 0.000 [0.000 0.000 | 0.000 [0.000 0.000 | 0.000 [0.023
SYEE oxx ek
ST 0.096 | 0.014 |0.000 - - - 0.200 | 0.009 |0.000
Z=o{QCt

oy | ~0.275 ] 0.114 [0.016**| -0.406 | 0.041 |0.000***| 0.139 | 0.032 |0.000***
SUEH|

F) ¥**(0.01, **<0.05%, * (0.1 +Z0M SAXCE F27t

X X M Log-likelihood: 81.4265 on 173 degrees of freedom
X EE MY Log-likelihood: 204.8186 on 210 degrees of freedom
X HH| & Log-likelihood: 196.8598 on 149 degrees of freedom
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A Study On The Efficiency Analysis Of The
Materials, Parts and Equipments Industry In Korea

: Focused On The Polarization Phenomenon According
To The Size Of The Workforce

Kim, Kyung Soo

- Abstract -

The purpose of this study is to compare and analyze the efficiency of the material parts and equip—
ment industry in Korea by industry and derive efficiency determinants. To conduct the study, effi-
ciency was measured using DEA analysis, a representative efficiency analysis method, and effi-
ciency determinants were derived using Tobit regression analysis.

It was confirmed that Korea's material parts and equipment industry had inefficiency, and that the
phenomenon of polarization was occurring according to the size of the employee. In particular,
as a result of the analysis of efficiency determinants, it was confirmed that the improvement of
productivity per unit and the reduction of input costs in the manufacturing process are important
factors determining efficiency.

Materials, Parts and Equipments Industry, Polarization, Efficiency Determinants,

8y wonds DEA, Tobit Regression
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