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Abstract This study aimed to systematically identify success factors for smart factories in small and
medium-sized enterprises(SMEs) from an ESG(Environmental, Social, Governance) perspective. To
achieve this, the Analytic Hierarchy Process(AHP) methodology was employed to quantitatively analyze
the relative importance and priority of factors that can enhance ESG performance. After conducting
pairwise comparisons using AHP with 28 experts in the fields of ESG and smart factories, the results
were as follows: Among the higher-level tasks, government support(31.86%) showed the highest weight,
followed by human resources(30.73%), technical resources(23.19%), and environmental factors(14.22%).
In the overall weight analysis of sub-criteria tasks, management commitment(10.05%) ranked first, followed
by dedicated personnel(9.47%), regulation and laws(9.23%), and smart technology operations(8.85%).
These results suggested that ESG smart factory implementation is not merely a matter of technology
adoption, but rather a strategic initiative requiring organizational change management centered on
management leadership and specialized personnel. Furthermore, it was confirmed that government
financial support and institutional frameworks serve as key factors in facilitating SMEs' adoption of
smart factories for ESG.

Key Words : Smart Factory, ESG, Small and Medium-Sized Enterprises(SMEs), AHP, Government Support,
Human Resource, Technical Resource, Environmental Factor
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(Table 1) Description and Sources of Survey Items
Higher-Level Detailed Task Description Source
Task
Dedicated Personnel Core personnel professionally allocated to sys_tematlcal\y and continuously achieve 28]
ESG management goals through smart factories
Continuous Employee Systematic and continuous learning programs provided to employees for successful [20-31]
Training integration of smart factories and ESG management
Human Resource
The firm belief and execution will of top management regarding achieving ESG
Management ) - . )
A management goals through smart factories, representing strategic leadership and [32-33]
Commitment ) ) >
execution will of top decision-makers
Stakeholder Collaborative ecosystem building activities with all related parties that influence or are 133]
Collaboration influenced by corporate activities to achieve ESG performance through smart factories
Smart Technology Acquiring digital technology expertise necessary for effectively operating smart
; =7 o [34-35]
Operations factory systems and achieving ESG management objectives
ESG Performance An integrated data management and analysis framework that systematically
Monitoring System measures, tracks, and analyzes ESG-related performance generated through smart [36]
Development factory operations to enable continuous improvement and objective achievement
Technical
Resource An integrated data governance framework that systematizes various data generated
Data Standardization for smart factory operations and ESG performance achievement according to 37)
and Management consistent standards and formats, ensures data quality, and enables efficient
utilization
Smart Factory Technology innovation activities that integrate ICT technologies throughout
Technology manufacturing processes to build and continuously improve intelligent, automated, [101(38]
Development and optimized production systems for achieving ESG management objectives
) " . A collaborative network system where large enterprises and SMEs mutually share
Win-Win Cooperation . ) ) L
Ecosystem with Large technology, resources, and information to enhance each pthers competitiveness and [39-40]
- achieve sustainable growth through smart factory establishment and ESG
Enterprises
management
Current Status of Current status and development trends that comprehensively analyze performance
_ Smart Factory indicators from the integration of smart factory technology adoption and ESG [31]
Environmental Performance management in the domestic manufacturing sector
Factors
Market environment changes that include external environmental change factors such
Market Changes " ) [31]
as external pressures and competitive strategies
. External environmental factors encompassing the overall national economic situation
Macroeconomic ; . A " O ]
Environment and gpvemment econom\c_pollcy directions that directly and [nd\rectly influence [41]
SMEs' smart factory establishment and ESG performance achievement
S Programs that promote smart factory establishment and sustainable management
mart Factory Support ) . ) )
performance creation by comprehensively providing technology, funding, and [42]
Programs . . : A
consulting services to achieve productivity improvement
Government research and development support system aimed at strengthening
R&D Investment technological innovation capabilities and securing sustainable competitiveness [41[29]
Government
Support A comprehensive government policy framework that provides the legal and
Regulations and Laws institutional foundation necessary for achieving ESG performance through smart [29][37]

factories

Financial Support

Various forms of financial support including subsidies, loans, and tax benefits
provided by national and local governments to address funding shortage issues
necessary for smart factory establishment and ESG management implementation
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Priority Tasks for ESG Performance of
SME Smart Factories

|

’ Relative Importance Assessment of Factors for ESG Performance ‘

|

| |

| |

Human Resources ‘ ’ Technical Resources ‘

|

Environmental Factors ‘ ’ Government Support |

| |

| |

= Smart Technology Operations

= ESG Performance Monitoring
System Development

® Data Standardization and

= Dedicated Personnel
= Continuous Employee
Training

= Management Commitment Management
= Stakeholder Collaboration = Smart Factory Technology
Development

= \Win-Win Cooperation
Ecosystem with Large
Enterprises

= Current Status of Smart
Factory Performance

= Market Changes

= Macroeconomic Environment

= Smart Factory Support
Programs

= R&D Investment

= Regulations and Laws

= Financial Support

[Fig. 1] AHP Model for Priority Tasks for ESG Performance of SME Smart Factories
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(Table 3) Relative Importance and Priority of Human
Resources Sub-Criteria

d = U Hol & AF471E B9l ESG A3 &5 Tasks Importance | Rank
Ey}% _l;_lo:]_%{]‘l_ %1\1-4. Dedicated Personnel 0.3082 2
Continuous Employee Training 0.2233 3
Management Commitment 0.3269 1
(Table 2) Relative Importance and Priority of g :
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Total 1.0000
Category Importance Rank C.R.= 0.059
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Technical Resources Sub-Criteria
Government Support 0.3186 1
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o} AQA] et Aot 23 glol 24 AU

HSHE olEojyl7] offte e HojFa ok
714 A0 A F844L (& 4Holl Ax=e] Sl

o} C.R.&0] 0.0074% ¥4/go] FHESS FRIst
Ak AR A F AUETER1E EEIL 38.17%E 1
&8 AA5tt. HlolE ®EsH 9 7t 23.28%%
2429, ESG HUEY A A" 130] 22.88%E 3495
7150, AntE HEE 7|&hdS 15.67%% A
Hog 2 43915 UEtrt dlole A a9l

TR AA Q] oF 46%ZS AFA|5t0] Hlolg Qlzate] F
84E Hoj ot AT A3k At 71eviEtEY 7]

9o

=
=23

Tasks Importance Rank
Win-Win CooE)eration Ecosystem with 0.3902 1
Large-scale Enterprise
Current Status of Smart Factory
Performance in Domestic 0.2029 3
Manufacturing
Market Changes 0.2608 2
Macroeconomic Environment 0.1461 4
Total 1.0000
C.R.= 0.0074
QR &7 o] gt A F244 AI= (E 5)
of Yt ot 44 A5 f1gt C.R.gkel 0.05 °]

5121 0.00122 =351 Y3tAo| SHE]

o o7lelAE di7Idae] e A=A 39.02%
2 uj$ 93 9Qlo2 yEeRgth A HakeR <

O O o} A~ O
e ¢
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)7} 26.08%= 252915 AA YL, = ARAAY &
ulE "] JIHAABTD)7T 20.29%= 3&9, AAl 7
A &0l 14.61%=E 4945 Ho| F9ot. oj=lst Zat
L Z47|¢0] EXF 07 ESG ANIE HES 435}
71Hct df7197e] F2 HET 150] APH0E F
83 vepdich. AR 3L 28998 AR AL 9
5 oFg 9 ESGAGol tigh =871 Fa3% 31 5ol

2 5 9Ee utitt

{Table 6) Relative Importance of Government
Support Sub-Criteria

Tasks Importance Rank
Smart Factory Support Programs 0.2682 2
R&D Investment 0.1959 4
Regulation and Laws 0.289%6 1
Financial Support 0.2563 3
Total 1.0000

C.R.= 0.0063

5 ALY Al Ao tigt A= R 6yoll Al
=o] t}. o2 AT 7 E C.R.A 0.0063
o0z vt AB/AAE Hof FoUk vl A AR A
5 A= H7t 28.96%2 195 AA oL, o2 I
AE} th2A 4719] 8Qlo] W& Hj3t 9] T
£ Ho] F9t}. AntEDED XYARRI0] 25.82%F 2

29, AAHZ Aol 25.63%= 349, R&D EA7}
19.59%2 4915 YeRich 199 45919] Rfol7}
oF 9.37%pE T2 IAO] | 7P FEotA B4R
9T BEXE Hol1 it

ol A JYo A= B4 aRlot IS HT F
olx 7% 3l A ¥o] oS olusict. 1A &
9Jet A=A 7]9to] thA SAIEA|NE, G| Anp
B A9, AP A9, R&D £4F 5o] %
A F85itHs AL Bo] &b 53] R&D FAL
AdHog Yo £05 Hol A
TFE AR 2Pt Az Fek
B il=

—

R
= ] >
a9 rlo

o

b

N

jin

)

N

P
tlo 2

X
ffo
o,
HE:%
ot

4.3 ADIE WEZ|Q| ESG MIE gt MAIQl &
715X # M =¢

f7]olA= 4709 A9 ZAI(RJIA A, 714 A4,
44 aQl, FRE ALY oFf F 1671 AR A S
7VeA1E Bl AAFQ] A4S st ATHGE 7)).
AA 1674 AFAA F BRI 27t M =2 FF
7FSAE 71E3cH10.05%). O+ ESG AUIE HEE7}
=9t 714 o] ozt 23] A9 WstE a5t
= A FAo]7] giEQl Aoz Hck HYH g
Hio] 47 Wt Tl d4dE HojEr. Ad
Qo] 2¢=91(9.47%)E XAIgE AL FFH9 JAE A

il

{Table 7> Overall Weights and Rankings of Tasks for Smart Factory Success from an ESG Perspective

Higher-Level Tasks Sub—Criteria Tasks

Criteria Weights Rank Tasks Overall Weights | Rank
Dedicated Personnel 0.0947 2

Human Resource 0.9073 ) Continuous Employee Training 0.0686 7

Management Commitment 0.1005 1

Stakeholder Collaboration 0.0435 12

Smart Technology Operations 0.0885 4

Tochnical Resource 02319 3 ESG Performance Monitoring System Development 0.0531 1"
Data Standardization and Management 0.0540 10

Smart Factory Technology Development 0.0363 14

Win-Win Cooperation Ecosystem with Large—scale Enterprise 0.0555 9

Environmental 01422 4 Current Status of Smart Factory Performance 0.0288 15
Factors ' Market Changes 0.0371 13
Macroeconomic Environment 0.0208 16

Smart Factory Support Programs 0.0823 5

R&D Investment 0.0624 8

Gosvj;g?;m 0318 1 Regulation and Laws 0.0923 3
Financial Support 0.0816 6

Total 1.0000 Total 1.0000
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