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Additional EBIT' = 55%
Stategic Gain incremental sales through 100
increased production capacity .
Optimize equipment usage 10.0
and/or reliability .
Tactical Optimize inventory planning
Maximize utilization of 75
waste-treatment unit .
Substitute an ingredient in a
more efficient production line SIee}
and reduce materials usage
Make an ingredient 125
instead of buying it .
Xt&: Valerio Dilda et al(2018), McKinsey on Chemicals.
[2 3] Value-maximization model2 &2t 2t EBIT? 55% EiH G|A|

ML 7] kg 270 1 Hgte} ol 4 Tl 71o] 71 2 714 Aol o] 58 Py L
7 7ol BAT 5 NS 0l A0 S BIH T glom, ol F5-vlTol A
L7H AL AT AN Ff Alio] Ut AAE FY 5 G Yo Ve 4

olt}.

1) EBITDA(Earnings Before Interest, Taxes, Depreciation, and Amortization): 0|}, M2, Z7FAZiH| xtzt X 0|2
2) EBIT(Z0|2l, Earnings Before Interest and Taxes): 0|t & A2 Xt X 0[2]
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AFatetiii o] 225lel tEo] gl titt 59 7| 2% AXVF AL it 3
SR A A 2A47EA W& o 6%E Aok BA thillE AF o2, ghas H]-go]
A& A AF vt == Aol tiB|7F B astot A 1y B7HLCA), 71&84148 4
(TEA), ML &5h= o5 &AIY Al 24 T A9 37 A7138) ol4teheta 23, &8 4
AZHCCUS), Hiol 2 7I¥t A& A% 5 GetAst 45789 A 5712t 4= 4AE 53
sh | Hlg|o]E]- A= Yl(Internet of Things, [oT)-MLO.Z2 FAE AULE A|AH] Q]
Yojgo] &tAFY F1 ST A A E ALE A0 AT 5= okl AEVHES A
i g

Current chemical industry - . Future chemical industry

Resource

Production End of life :
generation | l‘.lse | \‘ Y Production
Ve > > t w Renewable
i lectricit
oo e y
i ’.-” Resource
resources 1 1 generation End of life
Renewable | = z "
Tesourcas Lancigl\ll,i:gﬁlgeersttlon, Models for decarbonization Hriass:
in the chemical industry and CO,
Integrated F Society
assessment model
Material flow | Inputs | Outputs
analysis Stocks
Goaland scope | —, [ Inventory | — Impact
Life cycle definition — analysis «~—| assessment >/ (™
assessment H H t
| - ‘ N =

Interpretation

Calculation

Goal and scope
of indicators

definition

Javentory |
analysis -

Techno-economic
analysis

[ Interpretation |

min GHG (aX) s.t. bX<c
=e
X>0

Optimization

Machine
learning

Process m AL @7
simulation ]

i

i

crot

Experiment <0H % . \/@’

MICRO MESO MACRO

Lab scale Plant scale Supply-chain scale Global scale

Xt&: Yao et al.(2024), Review of Chemical and Biomolecular Engineering, 15, 139-161.
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1. S22 Mk slshAte] AX =Y At

11 It} BASF, ExxonMobil, SABIC 52 Al2} Hlo]g 8 U4 &&
A}, 29 23] sAaulE A 52 345k 1o, 37 glojg A4S 7Hto & gt

4

A& 29 AA =< skl -

=22 BASF= X t"lV\(Slemens)ﬂ- Fgsto] =Y Y g}t
EY(Digital Twin, DT)& F-&3t1 it} ¥k87|, 255 A
EA 22 AAZE ALA dlolE ¢} AEdto] 54 ﬂﬂ”]“ﬂ% F|2|g}star, Aw OV = /\}75101
AT, odA] Avleh g4 viEES At o &
Tk 1,0007 ©]49) 44t 5315 ¥k, o] F 23%7t qX]EQ}AI 2ofol| A
s AXO] tiet FARE 7RSSk Qi

_|_l

Industrial Copilot for Operations with SIMATIC eaSie guides workers on the shopfloor

Any help needed? . l

Industrial Copilot SIMATIC eaSie

SIEMENS

Xt&: Tech—Clarity, Inc(2025), X|HIA, MAR Al 71435]

[323 5] AX|LI0f, 2L, TI&Xt, AEXIE EElT

Ok

2 AZXM0fIA| X|2lxl= Copilot GIA|
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9] glolHE E4ste] 515 1,500t 7 o] A BA-S Aok, BlAE thErelS
oF 20% E°]al FA B H-E-S 15% Aibots 43E AFAT

th$- Alv]ZH(Dow Chemical) Al 715F DTS €83 AH] 52 7ML= AlEgolA
Skar, oY R AH] Hg d AR AR HASHE Adsta ot T3 AL ¢aEES R&DO|
FEso] AAA LA} 7| AE A 28 Fol1 Tt

T A& Ao} EofollAk 71dnFRl a7t »ear Qlrk. dE0] 2779} H719} JSR
FHF oL slsks 7|4t AIFKDPP €125 E #-g3sto] 20224 19~2¥ st
THRES 359 A% 7Rl A& A= H AA HE2E ZFskith olF 20234 3¥ol=
JSRO] 11 A} BE-S Q143 ENEOS Materials®] 315t ZHEOA U A7} oF 1W7E
A= AA A2 & ks AlY] F4A @ iﬁ‘i* A}Eﬂﬂ SRt

Process level DT

It Includes numerous §

units or_portions of a Unit operation level DT level DT
plant, These encompass

the entire plant s Focuses on the coll
imizes processes by si i dlfferent i liti and better fault
various  process and detection through the monitoring of multiple components and their interactions with
asset twins. They provide each other.

a holistic view of plant
performance, enabling
optimization of
production  schedules,
resource allocation, and
overall operational

efficiency.

w

|

XtZ: Mane et al.(2024), Dig Twins and Appl. 118-130.
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Data Environment-centered Full Value-Chain Integration

Management (Temp, Humidity, COz) (Production-Distribution-Consumption)
T Labor-intensive farming Autonomous-Drone-Robot
(Manual monitoring) (Unmanned automation)
Decision Rule-based monitoring Al real-time optimization
Support (Pre-set alarm system) (GraphRAG-LLM inference)
Policy Production-focused All areas: Production-Logistics:
Scope (Facility distribution) Rural Life (4 fields, 13 tasks)
Target Lead-farm centel Al farmers & rural residents
Farmers (Early adopters n\y) (Voice Al Al Isagi" etc.)

Revenue Equipment sales Alaas-Data-Export
Model (One-time B28) (Subscription-based composite)

Tech 1st-gen smart farm 84% Physical Al-Autonomous
Level (Remote control level) (2nd-gen+ innovation)
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HRAHE(2026), BTt SUAXSHE U 52 AX 304 FAfRL,

o

HEMAER(2026), sY-5Z USAIS HHSHAX) T2, ME3| May S ge2]9l.

o

HELAER(2025), M1AH ADESY |4 71=224121(2025~2029).
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ASAAIZE(2026), 2026 ADIESY 84 AlSA S,
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EIIIE‘I SOC & —-= I‘lEF

: L 5351-7132]7] AlCHe] o1=za}
X| 3} got

. ME
=27F] AAYL AAY Qxmete] 2ol A AIRFE| It} o] ol Aol AAE 1,
F7H A7 1H o] &AgstE]n, Hol AR H so] Aopd
10998 AAZ ZoFs 5= Q| 7|dhol = AR IEER, X7
oloj = Qlze} 49| A} Ut ey 11 F89] AA A7t &7l Ak 22
T4 ol A Qlet. ofA] 11 thE B(F)E Kok & Al7to] St
Q54 3= SOCATE AR D A 71A] 34 %’47@ WA A Qlot AA, =%
519] 7ot FENER] 2024 AHE Qbd 2 Sx)Fhe] A HA
= 15 A8 03 38.4%, E99] 24.9%7F =5 & 304 o4 F3}st
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1) Social Overhead Capital
2) REWE5(2024), AEE o Y @X|a| ME) FE 21, https://www.molit.go.kr
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71% FoPL o A3] Sefick, A, A9t A9 Afolck, oA T4
T 1§ 479 BRI AT Aol E BRekn A BT F49] A ferh)
FH oA 93 itk AAE T SOC FATY ot F AR o B4} vl A
o] et o] MR oM, YRS T A gt @A Y B2 Hel
A Qlatet gelo] A5kt Eske o o) Alglo] okl Wt Hgit

o] Al 9712 BAlo] EukE /1% WU oE A A 2B Ho] tAE EX
(Digital Twin}& F42.2 2 U4 SOC FeAT. HAE SOCE T3t AREA7|%
o £92 ol F7} 7[uhAL A Aol A5 ofste] TS b HASHIL ALY A
2 Fjetshe 41 deehelolch, A% Qlmet 750 Auli oS o’ A, ojd A
A ol 71202 AAst=to] e glc,
ﬂﬁﬂﬂmﬂﬁ¥%mgﬂﬂﬂﬂLwEJﬂﬂlﬂqﬁiz A Bk}
Tt AL ABAS) B0 AR g1E A
58 9 240542 205, S8 SOCE ol 714l A & 395 =72 540 2
4] A3t S AH o7 FASHE Z]dolu], o] Mk ST 2

2] 9o 91 ATt 7]3jo]2} Aolct,

l:l

O

Il CIX|E SOC X Q! X1 Sigt

1. CJX|& SOC 714

UAE SOCe =2, 4k, 3%, I Aok 5 A2 A AR7HEA ] AT ToT(A=
JAH)-HlElolH - HAE EY 5 D IT 71&2 dFsto] ZARH A5-2F-FA8=-A
gl o]z A F71E Assishe Azt e frdolt. 454 SOC ¥&7h =
T A 5 Fol AEsIAHH, HAE SOCE =8 1Ze7t AAzte g A4l 9]
JHIE Ealstal A7 A AghS Aol 'RIsh SAREZA7} H|olElof] 7|kt 4]
8= As=S Ttes A Azt AA ol

3) National Institute of Building Sciences(NIBS), Multihazard Mitigation Council(MMC)(2019), Natural
Hazard Mitigation Saves: 2019 Report. Washington, D.C.: NIBS.
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olZ|gt tAd SOCE= LRHA 0 & Al TA o] W 77& AXw A=steEch A A= 2
At9] glo|E]8KDigitization) BAIRZ, A& MM E Falsto] waFe] #+d-Ho| +9 52
AAZE ORI E golg 2 Agsith T WA= tAd EY 7HSKVirtualization) AR
7H B2t BT B2 OJ JAuets EAIst] 314 Bisht A A%-S Aol AlEd ol A
sttt A Hg= X}‘g Ao} @ gl &(Predictive Automation) 942, A7} 225 Ho|gH &
g5oto] 1E AAE AAZ 02 S5kl A Aol g STt

2. OX|2 SOC g3 2! ZOFE =7 2

1) & ST HA: 22H 7|8t 2
=y fRE SOCY A7 29EL 2022¥ FEWSH O] TA Y EY =& FRHF
ojtt, ZEYHIEAET tXE EY 7|&2] 0T W5 TA|-LAY-oyA] Qlato] A
o2 2023 AUMEAIE =7bAE, 202449 =7}

SOC ] g4 Algo] A4 HREHA HAE SOCE HAH F4 oAt 2 A& &

Ol SOl SA =

A

o] 582 AntEEA FYATL o) PASEI A1-2% Agle] FFL I 2
N 5] WFUCHA, A3 AL FIAAEA - 2] - A x

2 =shy] Zoke Amsleleh. A4R AR A = do]
299 Sy ometz AL, Hole HE A LELL BA-FY BRE 75975
24

o A= AASFATCER 1) FaD).

bt
>

T 1) 2 ADIEERA| 8712 Ha

=171 byES =0 e Al-HIO|E| EX
1047 12X EEAE | SERIMECCTV YUY UE) 218 1%, e DUEY 34,
= | K74

(09~'18) NN et MEAAER A 7|80 Ol ¢A 015

N
ADIECA| ESIEZHE T SHAL

H3x} 2 SESAO HOE| 318 £7| 2=,
25 o =y I\ =ING NP ESN] .
(923 Syt FHMEA 2o E{0[E 2 Al X4
I HIO|E =4 EA|7|HE & B
et Haxt SeA] Al-GIO|E B4 EA7 |8 75 Al OIS 24, 44 Al
3u 4 E9Q| Of|X| 45}

('24~'28)

CXIE EB-OI0JE 512 S& =3 H%
CXIE E2 AlE-Y 28

A2 ZEWER HaAXt ADECA| ZEH2/(2024~2028).
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Bop= C-ITs99) A=t A2 4w e s 7502 Iuy H4ke) 44w 24
UA" EQ FE-AnLEA Y Hol Ao 81 £A lofe] 5|BE JoR A
9te] woba] A BA| 814 wAR Astert. $RH Qb Be) Hoks 27} sk
737040] AT §4 ol A2ET F AGEC] [oT 719 ol B8 Algo] 7h5 Folut
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T B MAIOIA 7|8t ADIE PHRIFP
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o HAZE QS HO] 7|
ARYTLAN | eE DY ONY EHOH AR B | BY i
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ameny | AIRISECCTVARIGHE R | ) | X AEAL O eI
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3) CIX|E SOC 2 AIAHY

A7) sl qxwa SOC AL OJX—i et 25 SR HET AT
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oJel o] o2 FEEEA BAE & GA AL e ol
o] AlgtEl1 glom, 2914 QAmete] A Aol B2 Hlo]g 1wz of
A EolA| 1L Slck. A8 Al2de] o] obite] ol 459840l ShEw A o)
3 B3 A gL BRsstet Hash A AUt B Aot A dstet
g s]olof 1 o] et
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2 oo 19 o & 30
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Il 8] CIXI% SOC Fet M}

1. OX|2 SOC Mgt M=o 43 M=

1) @=: BE UF|Q HUH H|0|E HE{A

F=2] HAE SOC A= '#E=T AMUAE WA, 7]&2 11 ' olzhe GidollA
24931t 2018 NICYQ] &2 AZte 271 txd EY Z=7#(National Digital
Twin Programme)< SE 7o) 94 FE 2] T YL AR w3t #5352 WA
ghstar, 71 9ol 7 g AE EQlo] 713082 AZEE AWE 17 HAE EU AHA
£ 755t ok

o] Azke] Edj7} @ Zo] Ay ¥2(Gemini Principles)”°|t}. 352] ©]2(Public
Good)-7F] Z=&(Value)- A2 (Trust)& EAHE 2 o] Y22 Hlold §-8-2 9L 7|¢ 7t
AE F79 S BESHE HA-RE A 7]Hto] Hth 11 9o - Ar-ofYA|T 5
A& oE B A9 g7t 4t 5 & U HE T Y AE /6t o
A9 EY S{H(DT Hub)E 29sto] 4heh A Y EQA7} Q1ze} R4 H S H|-§ At &

AU

45 BHL AT A RRAES A5 9ok

5) SIEXISHEALSIEIZRI(NIA)2024), CIX|E SOC 208 M4 2 Me28d 24

6) National Infrastructure Commission(=2721Z2}2| ¥ s]).

7) @= F7IIT2IAS|(NIC)7 it CIXIE E2 29 710|=2R10 = 39| 019 74| ZE-4I1Z1A40] a4l 2AZQl.
8) BIM DX Blog(2021), &= CIX|E E T2k} X|&| AN
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Singaporex ¢F 7309 ¥ U0 =& AAE 1FE 3DE T A A 2 =7t &
9 XY B0t 2 A% St BE WA stEp A5} AR A4S AR FEA

|

UA|-AE 5 B £47F €859 Virtual SingaporeS Smart Nation®] 4] dlo]g <l
g A oW, o H7 7139 glo|g7t £4 A glo] T EHENA F-EA
Zh 10 20254 3¥of|E= B TR D EA7A] E9Hste] $A3T FY

TS 5P| AHUAR S8t AlA Hx9] BdS skl

3) L&: QI 217| LSt LEL0IE] 7|gh CIX| &8}

d=o] YA SOC A% 7| AE9] ofgo] o QI Fdeh= A& HRoA &
Stk 22 A Q1S4 ARl 4RI AAtoloE] 5.0(Society 5.0) HEF9] Ygto
OAE SOCE F45L At 1D [0TE 53] @4 T2+ glolgl & £33}k, A7} o1& 3
Asto] 2|2 9] A PE thA] A AA 2 o] =wehs 12 d-Alo|H §9 A& Ao A|AH9]
o] A4 Bxot MLIT!2o| k2w A4 e}l f-x#z] Qlgo] A 1017+ 20% oA
228193 20459 71A] @A Q] Al 230 & ZolE Hrgo]t} 13) o] tlg5lo] =23} A}
& 258 2839 97 et Ad V&S AT =Yk, e A A AAIZE Ql=et

[¢]
= 84
g S AETE A vt A E3E =00 ASSkL .

9) OECD Observatory of Public Sector Innovation(2024, November), Virtual Singapore — Singapore's Virtual Twin.
10) Geospatial World(2018, July), Geospatial Initiatives Lay Foundation for Singapore's Smart Nation.

11) Cabinet Office, Government of Japan, Society 5.0.

12) Ministry of Land, Infrastructure, Transport and Tourism, ZEWSE4

13) Akerlof(2026, March), Japan's 2024 Problem: Industrialised Construction.
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Project PLATEAU+ SEXEA F29] A= &9 3D A 2l Yo] 9 @ E tjo]E 3}
T2AEZ A= 25070 o4 £A19] 3D RS @ EgojE & F/i5ke, vk A7) X%}
A7t T5 HlolgE 7|Hte g2 Al Ar|AE AL HIEEE §-oIgtt) 19 CityGMLLY =+
A 2 Aoz F29 33 FHolal, 7|E G4 blo|gE AEEol= AvlE 7=

How aE AXATA A2 Te &HAT.

2. 59| At £A%: CIX|Z SOC Hato| Al 9

Ut

14) ArchDaily(2026, April). From Data to Digital Twins: Japan's PLATEAU Project Offers Open—-Access
Models of More Than 250 Cities.
15) CityGML: EA| 2H30M HO|= IHA(HZ, =2, o1, AIHE S)8 3D HH HEIZ DG, ATHE] HHEet

H B R DEE 4 YES A BE

oot
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W Ao AL F LA Ao A -G AA 7 JIEU 715 Y EQ o AZ=HA,
G gfj7o] =7t =t AAE vhH[A]7|= A4 B2 (Cascading Failure) AlU#] 271 &
A Yo g RSk 20214 = E= T A2 Al 817, 2023 ©RkA o9 A
1z} 227 719 BAl 34 AHEl= HAE SOC7t =71 QbR Y1) A2 AAAS Ko
Zt}.18) A7}x 2= Smart Nation A 58 27|5E GovTech FE2] £ Alo|H Kot
AMEUAE F5510L, B AR HAE lzgto] Hot yAst A2]S o 3lstt. S

16) =EWEE (2024). X2 EQ 2E Z7IHZE 165 1A
17) Data Space: 2t 7| 0| CIO|E| FHS SX(SIHA & 20| M2t ATISH HO|HE 7 Wetch= 24k MENA
18) CISA. (2021). Florida Water Treatment Facility Cyber Attack Report. Washington D.C.: CISA.
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oI5 Ftzoto] Qlxe} ALt £ALoY ohu] F4 15%% Bt o EAshE 2 YA 5)5}

11, 2opE A2 EFAEZero Trus) AE ZEWS BHOF gk okg el A7k SOC B3
OIS Al o1 B A2 591 PAEEA 71k 3 T FSTE

AR o2 ol T2 Kot HAS Faof Fek19)

3) X|Y AX} ofjA: 73S C)X " SOC &t M2f
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o1 71%] F ARE BEDYo] F7E A AR ol Aol oI5 sadt] 9
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19) Smart Nation Singapore, Cybersecurity Strategy and GovTech Security by Design.
20) ZEWEE(2024), HAXt ADLELA| S8A42/(2024~2028).
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o, ol= A9 ZH Ao A = Fa3t oJu]E 7HITHUN, 2015).
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