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2 OIRFHHEH A 14HE A4

Z &83 7|7] 2 AH e Aulae GF, 25, 33 o7t
Hhol] 7okt W3S g 10d AT Sl =5 2 A
&7), 2ntE E, 2~ntE y7], AAnto], AR AA, 94 279 33 897t
H| 22 2] st7] 918k diole AlE|7} AlA| 33tol Ax]¥
At A AA AntE F o] g4 £ 2016 25204 2021d 38908 Frlglon
o5 ~ME EL B GF-E Bu &% UEYAE B ¢ E AREY
3 Zkale] FkoA A7 =7 h’/]- Internet Trends, 2021).2 o|#|t} By 1997
60 PBell E3gel SlEfYl Bal2ke 2021 1.1 ZBE A<] 2%t v Ho]%t} (UNEP
and DTU, 2020). 7| 9Al 252 o]&gh 374Asst, 3D ZHHE 283 B4t
3 Agh AL HAs, QED #el, vdolHE 283 viAR T UAE V=
S Ak aAgeld gt w3 AnEgE, =28 283 Akglo]
BUEE, e-FF AH|2AR AP o] ofd F4] JHAM = tiA|
853 Stk dAE 4kl A AR FA848H

H R
Fol Aok Aho2 vE NPEAE En ek 3 $eld Y

ol

e,
ox
ol
il
32
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transformation) ©] ©]Fo{A|1 At}

Ty gAEsrt QIFelAl F= G3e] BT A0 A oflth tx|dgiet
#HdE 52 7 shve dAESL dyA] &), 53] AE &H|9f 247F~ wEEF
< =9 7I15H

3% 2209 Wy ole £y Tk TAE AES A7) 8 Aele)

=} o]
s}l &slE 18l 2050 ©HA T 2030 7F ASER A 2 9] AHgh
A 71oet S E Egdeith. Z2U9 o|F @ (green) [E} A v
7F ERER Ag] 2 YAE Mgl FAAH oA ARt ofyg} tiAE
7150l ALE e 2o AlelA SAEAY S @A 2 Zol7] wiel ZAA] A

ox

m&L‘

2) https://www. vpnmentor. com/blog/vital-internet-trends/ (2021. 11. 30. &€ 749).



E7bsAe 2A] offAl Ak A AARA &7] siAe FFEAE
28k #A AS Ak A AL 28, YA
AA Fd2 ol wsB AT = g A AnlEor st Zagk 7
5 R R&D FAX Algsfiof gty @Al fEjves &8 EU, P, 2, o
digitalisation), TIA® A% (digital transformation), TIAE 7
d 59 olgo = yAd e FF Adsk= olfTh
g™ weF gxE 7)oy A" ko] olyA] ek ola gAa F ek olet
A 7171 AA 7 gitE e-H71Eo] Hol 247
dozithA txd Mgk 18l A%k (green transformation) ©
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ox
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& < ] =
B T 29 QYA BUS ofHA wEs el AEE § ty 53] Ha
SR AH @Ao] FAAR &P A& Thsg A ARl 74
Fe vAE F o

o2 gk deflutell thet s e EU A%+ 2020l A4 Aol tAE3t &=
= gAg A% AgE xggon, 2021ded= 19 2 (European Green deal) Z}
2e w2 UAE wee Adata o] (twin) A k] AU Z3kE mAlet
3tk eluEhe 2020 ferd e S e ' e 9 UA|
g 7E<& COVID-19 o] F ZAete] SFo= A vp ot 20209l 13l
e tAgsr) ukd e ‘antE g, WY, T, Al 5o AFE deke] 23
wout tAE o] 71FRste] A 5 9le FA Gl ek A5 A
o7 Ak ey 2021dells "AE A B oluA] RSt dig 219
SZag7h moAH tAE o] AgRE A Aew Wikl FAATh 2050
ga FHE AA vis3 S5, 4 A EUY felvekst fAlRE o] g

ox
By
(o]

| =
T A% e AeaATE A melelM e dEe BleS 7RI vhroiAaL
Aol EFeltt. o] w=Eelld f2le
= W7k B @50 Ay BEe
T 2] FE UA 2Ed, HE 2H], o yeprp 24
ol JEE MA L A de ASEAE APetast Ak AT
dlel8= 2013958 201997419 "7 &E AR 9 TelluA] FxAh R &

ol AIEE7] ol AlH &, Bgol AL Adaal-Eol it vt gld Al
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| Tl = HAEste] da7]ed
ICT7F 289 ICT 2512 Hlole] AlHE d& Sof s Asdth Al
= FeueEl 7199 ICT &8 58 A¥E F ANV Az 72 ICT 28
T AUA 2 B AV WS 7] AEEAE A4 e AVAE

ol o] AFE 9 F ARG AAStAl k.
1. ICT Ak39] /e, olA] &H] g ehinlE 7]ol=

A8 71%€ IT (information technology) Y ICT (Information and communication
technology) & X33t thkdt 7|1&s ¥dshe /Mdox ARETHADB, 2021).
ICT ITEL AfyAelA #& 7]eo] 2 /delu ITE &3t 9 olst
MM E ITE 2= /2 ICTE AH8-stazl gt ADB (2021) & YX18 734
E dleleet R A, 7Hg, Al dofshe AF Al=Hl, T22]a o] AlF
AHEEE Ao ® ot B Al F-itoll Blel HlolE] A9k vlolEl S A4
T 7R A er Aei7E 7k A% o] TIEUTE ol
ok dHlole Aol Aeolek M= TR e Exa @A "sleta glvh 19404
) wfolmz AzFZEre] 54 1960d] AFEY B, 1990t QlEldle] =9,
a2l 2 E5ARI0IY A, 2 o]277HA] ICT 7go] we =z T
defigka 2 23 Az AAd, Ae=, 79 AT Asa 5 Eee vles

7IRke 2 A 28 Hgo] YABAA M AMZo] FstaL itk olFt By fAE
S A= A gth= Aol Zhang and Chen (2019) o] Awlelt} 20194 A
A

(i)

o]

it

il

=

4] Zhang and Chen (2019) o] geJ&t @eJe] tAEAA = ICT T3 frAls
ok 521, QIEM, FEI)E Az, tede] 2 AZEL 7L Helo] tgAEAEAE

et 7)o gAY 7)ge] §3E IF AE FEe] gaixd el txgr
A7} Ht

UNEP and DTU (2020a) o] wt2™, ICT ARJE-ES 34 ICT 7171¢ A=), UE
A=, a2ja "ol AHE g8k 7199 oy AlE7t e 37k ICT 44
o] 3714 74 847k = U wiAlE FRte] tiEA otk 9 HlolE] AlE = HlolE
3) UNEP and DTU (2020a) 7} HAFSE ulol] ut2d, Y EH A} ICT tinfo] ~& QA2 x| we}

&, doly AlE= Fol gt wlold Al EVF dlelgel A%, Bz, Azl 71es B9
ab7] mjEelth



of A3} Azl, FEE BHoR WEolzl Wl We WA (2 D
UNEP and DTU(20200) 7} Hlo]8] AIE}7} 71508} 870l w3 93e BelF
7] 918l vlelel AlE] gol Alo] 2L 2@ Aoltk o] F7ke vl 7FE (4

w) U glolg] AF A= (a}gﬂi& c2lo]H, tape drives) &} 2 IT =90,
olH TS 913 BE T/ UEHD 4 (BHpE, 2904, 2] 5), W <l
zgk2 7 &b it

(3 1) Hlolef diEjef 2to|= Al0|Z THR

Material extraction Manufacturing Use End of life

Manufacturing of
building

« Concrete

* Reinforced steel
* Aluminium

) ' District ]

Manufacturing of IT : heating H

« Servers E from waste E

« Storage equipment » heat 3

Extraction of ° et e .

materials * Network cables

(incl. mining and
processing of
metal ores and

Manufacturing of

cooling Assembling Data centre End of life of equipment

« Chillers of data operation +

=4 * Computer room air centre
conditioning units
(CRACS)

+* Cooling towers

fossils)

Decommissioning of
data centre

Power supply

* Power infrastructures
constructed for the
data centre

« Uninterruptible
power supply

= Backup generators

: Heatand &
+ power H

* Materials from
% recycled/reused
& equipment

* Power distribution
units

Training of Artificial

Intelligence models

F: Adew EAE AL A18E B0l duxe] H47) sdtie AL EART.
Z3]: UNEP and DTU(2020a). Environmental sustainability of data centres: A need for a
multi-impact and life cycle approach.

0|2} Holel AlEl QPIAQ) HlolE A2, Bk Alwln A% Aol ThsehE
= nFA) A Alzsle] GAHo] glolop @) AlF Azt A2, FeA,
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FAH, AEUl HA, ~ntE E ALS T 92l 3 Tkl HolHE A6t
™ o|ZA AH dolH= dHoly AlEd A7g=o] A2l - 7k & AAH BA]
&3 HlolE FEo R AgE = Aolth 7|E A HQA Ho|E 7t Agte] Al mEk
Z7kke doizh Mg dolH 2 Aelse JE He7F sofva Jon AFAT
(AD), AFE<1EY (intenet-of-things, 10T), 3491 5 ICT A Hof & 2 4
F% ARj27E BAEStEEA vlolE AlEld] tigk ok §58 ZoR JHn
(UNEP and DTU, 2020b).

tlolE] AlE= o] Ate]F 7z} ©Auit} tke] oux], 53] A3 AME-gith
UNEP and DTU (2020b) o wh2%, dloJe] AE7} AMgsle cduix 5 HF e
2e)-g Wiglo] Algshe oA eke] 10~100uHel] 23k}, 2018 &) o]l AlE|7}
Avlehe A Fe A AA dEga0] 1% d¥she A7 200 TWh Rl
2030de] =W AA AYFL9 20% o= AT Aow FHHT(UNEP and
DTU, 2020b). ®lol8] AlH= H A17F Hx & e-H71ES] vlEA 0|72 3}
ot AF AghS okt dloly AlEY vlolE AIEE FAstE 7171 e-H71E0] H
o]

DRE ABEHAD i &7 e YE e 1 Bgeln] LAkAS X

=| 229 oy My 247k wfjE] mlX]
E 9E%S JPHor FAZ =REL 240 st dold AlE #E duA] &
Hug 247k &l #He At 2 ) EAlske ot (Koomey, 2011;
Andrae and Edler, 2015; Belkhir and Elmeligi, 2018; Andrae, 2017). Belkhir
and Elmeligi (2018) & HA| ICT F4& 247k wl&%F FollA 7 717]u Aol b
et Hles ALkTh o]Ee] Al maw, W& vgo] 71 & AL o]
B AlE & 20108 ICT 5% A wiZ2ke] 33.3% 2 wj&3l.on 2020d0l& 1 v 5
o] 41% & F7Fith. Hlold AlEle] &7 Fol& n&E uf o] wjE H]F2 U5 A
A Ao oAdrh 1 thee B YEYAR 2010d 28%, 2020 22% 5 A
gt} o]59] Aol ArtE Eo| 7ok 20109 4% FEolR o Mg
NN AR EG waA ZRgEm 20203 11% 2 S718F A4S & 5 ok
HHH Desktop HFEIY] HISS 2010 18% 1A 20201 7% & 743tk 1 9] 7]7]
(LEE fxaZgo], gEel PC) 9 7|d%E 10% o|W= 20100k 2020047 2
Aol 5 HolA| & FoR FH A Y

Belkhir and Elmeligi (2018) 7} 543+ ICT #-& 24712 vjE&o] 1, 207 MtCO2e



CiXg Mol JiSRny: BEm Y 7

o

= B3] Andreae and Edler (2015) Y Malmodin (2020) & %4 ¢k 242} 623
MtCo2e2} 690 MtCO2e = AFA} 7t 2|7} A8t} ICT F-7 Eu|&3atk opy
2} dlole] AlEe} EHA] 7o W% Andrae and Edlere 2H7; 33% 9}
35%, Malmodin (2020) & 18% ¢} 24% = Belkhir and Elmeligi (2018) 2] 41% <}
22% S} 433 Aol & Hole AE & 5 g (ad 2 #x).

(a2l 2) |ICT B2 EIAEX}ZM 7 24 H|IS

Andrae & Edler (2015) - 2020 Best Belkhir & Elmeligi (2018) - 2020 Malmodin (2020) - 2020 estimate
case (Total of 623 MtCO2e) Average (Total of 1,207 MtCO2e) (Total of 690 MtCO2e)

User
devices,
32%

User
devices, User
37% devices,

Data
Data centres,
centres, 18%
41%

S7%

Data
centres,
33%

%3] Freitag et al. (2020).

olAF ICT & AAQ &7t~ wiEHe AFAlel] wel 4d3e 2ol & Ko7l
AR 20200 V1 22 A7t wiET] 9F 2% 6% Alo]2 FHE I glon
2030l e AAlE 7%, BAE 20% °14E ANT PJER FHI F A2 44T
Aoz FHH UTG(E D FH).

(B 1) 71& A79| ICT £& Z=2Y 247|2 iE v|5 F3
2007 2015 2020 2030 2040
Malmodin et al. (2010) 1.3-3.0%
Belkhir & Elemeligi (2018) 1.0~1.6% 3.0-3.5% 6.0~14%
Andrae & Elder (2015) 2.84.2% | 3.0~6.1% | 7.0-23.0%
Malmodin & Lundén (2018) 2.0-3.2%
74 W9 1.0~3.0% | 1.4~4.2% | 2.0~6.1% | 7.0~23.0% | 6.0~14.0%

Z3]: UNEP and ETU(2020c). Greenhouse gas emissions in the ICT sector Trends and
methodologies A AJQ1&.

4) wEB: 8% — 7%, fxZdol: 9% — 7%, ElEE PC: 0% — 0%.
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ol2]gh ICT F-it] vhaal=r 373kl thelix = vk F = ke i3t #a
FHHATGE o] FESRE AJ8olth. Masanet et al. (2020) 2 71E& Aol A]
ICT F4&, 53], dole] AlY #d odyA|AE-go] AT = Jtke 2AE A
vh Aok AR 20101 o] % dloly AlEel tigh Fart 55da 11 A3 ~Eg
Al &%, [P EHAY, dHolE AlE Aul@dE S7HIAINE A2 @ oiH] AW Lt
v A 9] ouR|FetE, AP ARSE = AW e 22p Fol st Hloly AlE 9
o=|A-&-gFo] HolH AlE] A% ERHE S7bskA] edkthe AS A=
AAHEEo] At FH Qo 24TV wiEE A Hoh FHE ThsAdo] Ak o]

+ WH 2 Freitag et al. (2020) & ICT $-&2] ga vj&o] 24 vj&32 Scope
1 Wi &R Ao ICT 7171 7EAAkE HRte|u A|F9] gho] Z Mo F Zyte
A7k WSS s ICT 9] 247t &3 gS 74 Blolgta +
et

ICT F-&ol] g 723 23s] =47t~ Ae] F8 gdo] 4 Aolgke F4% A
7153 9l Malmodin and Bergmark (2015) & ICT 7]&°] 2217}~ uj
4 A7le WA A5 Fed vt Aok 259 A7 A3l w2, A
T 2rtEaR|ER ICT 7]e] 2el=rt A4 oAU & Aikd e
WA, Fade], alE HASL 5o 79 ¢ S AR qddEnh T

HFEE ~Anle ygow w9 8y 28-2%  A|~" (HVAC, heating,

o

ventilation and air conditioning systems), &A%< &8t 23} Ao He,
|2 HA 3L Qe A4 o] & x =

¥} o13) (smart transport®} smart travel) &2 F & A3}, |

L ZHHAY AYITE B3l B E2ov e

235 292 & T Utk ol MY

ofo
ojf
o

!

e-government AB]27} t)3224 Q1 5ol dldettt, oAl Al Hae w5499 E
Aol gy FHH AC R ICT 7|&2 EY ZUEHE, 7% o Ante 4, 341

= o Fel, 7t A% fuel oF LAk
D5 EAD o] FRM L7k MIEF (AR oA ASHE 1F (A5

o A7k S FHE/FEE 27k Mg & Tl AA 2 A3t

|



(2ol BelHo] Yk FI} WelA Aot A 2 AL A BRD w2
2ol ICT 71%0] B8 Ao ~nje vEld, Al Yeole g 888 4y 2

Azt QA FA] o] &-F A1} e-commerce, e-government 5°] | G3H},
= 25 33 A mAAAE AlUe] 2 (High Reduction Potential Scenario, ©
3t HRS) & ICTll <3 <F 8717H22] CO2eq7t AZFE 4= 9lom o]3t 7= )
22 2030 oAy W& 63.5 717F BCO2e9] 12.4%9l slFdtt. & F52 F
7Veha 7k A Ere oF 77 Ee R ﬂz]w:] 20309 o/ vl &l A 2R Sk H

)

—_

T 9A 15.3% & EolIth o] 4% A AEH nEHEe za} Mae A
A& g}l whek olszal sjMo] gizbd ICT7H zaz.}oﬂ 71ddete A= (Fd AL =

HRSS] 7% 10.7%, HA7ZAAE Alve] 2 (Medium Reduction Potential Scenario,
°]3} MRS) 2] A 5.3% 2 Fo]Eth

(& 2) IPCC AH2I2(HRS, MRS)Y ICTE &3st 2030 247tA Xz FAH

ICTE 263 A 34 A4 %8 HRS MRS
2nfEOYE: 3.9% 1.6%
2olE PEY: U (A RE OHLM 589 57%)
A g S S (e 8%, A7k wiEF 2%)
ARAA 28 AN (=Y EF 25%)
2nlE Wlg: 1.4% 0.9%

VY, AR, 7ML, 59, St (AE oA AHe] 31%)
571, AEFE 7S AR (HE AR &)Y 9%)

2ZUlE 5 1.1% 0.6%
2E HAg: TR 58%

ICT 71&2 883 wE +98Y A3} ggolx 71ah} dutor mged W7
2nlE 94! 1.9% 0.9%
AA3g9: FF Y (F AYrL] %), EEE ]8T 2% (F ABFLY 12%),
uEE 9 (L9 1.6%)

ICT2 Q1 A7 329 50 2ol Ak 4l W) 7

2ntE o 1.9% 0.9%

!
g A AGE A (A of3 ﬁ“—ﬁg] 12%)
FE A3l RE 0% (WA oJPFa9] 82%)

2HFEAH]| A 3.2% 1.6%
e-commerce: YT FEEE A

AALE 29 (EX]o] & T3 2.9% 1.3%

23 Malmodin and Bergmark (2015).
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M. Alzs] FE ovA] sm)oh A7k uliEwol] tigh ICT 28 13}

A" Al A3 Al 71 a3t 54 2R2T) =51 FUAR ka4
g Aol g deolgrt =g Aate s n#E ke "otk (Zhang and Chen,
2019). 4 (2) & "lolEl (D) 7} F84 A S ARt ol ofel akea
o} PN A& HoFrh

] Al A e ARSI Y= f(A,K,L) 8
tAE Al s w2 A Y=f(4,D,K L) = f(A(D),K.L) (2)

Zhang and Chen (2019) & tiAd3l7} 204 YIS A7 ARE 2 7}
J

g A WA F2e A Ee didshe Aom S9718E AF Eslof
2]

)

P A7 FoAEE o] &all B X <ol sjAHE Aol o] Pt} F A
dre YA 7les 283 A &aF Ao s fAEspt Jue niigde &
ola Fu wFE A Fo=A Fa ool A PHE FoleH Tt
Aolth. Al WAl dze A 7lee 483 AtasE Az F2 Axy 2
M AEetE Fdl ol Fo Ade AHE A Es] Alolde A *3”3}014 A
S Soisket, Awlel At dioleof £ Hlo[HE AARteR gHe A1z Al
W} AE AFES AT 7R ASEE Sl A 8-E Aiteta Av|rt v

0,
L
rlr
=
o,
o
v
o
s
ST
2
r 0
i
L
o,
_Nt_'/
i)
v
N
i)
N
u“ i)Y
o,
2
BN
A
K

=29 o At A AnBst FsaAn s7lel theerelol

A 2890 A + 08 Aoleh % Aeidsl ayel e AEE A0 o

5) 23] www. scnsoft. com/blog/iot-in-manufacturing.
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r

23k av|zte] M7t Wold 4 9o (mass customization), A|ZE2PH 3ol w B
i At 8442 "olxA] & 4 Utk

ool 2] (3) & AR 7} F83 Aikadolm, 4 (1) = J&o] AUAALE-
F} dUR]e] 247k vjEAlel] JEE vH AF oz 4k HEe] AUR|AE-
A

[e]
Fd 227t~ wEEE HIAZ = AdSS EAISE AHeolth. Zhang and Chen

ol
&

=
Ir
2 o
N

-

(2019) 2} Shiklo (2021) o] 714 & &+

Agle] jzelo] 7RI AUAAEEE ICT 7168 FoakA e 25 u)3
Z7¥kn 1 A% AP ekEs
Zgo] hsaid. B AT ANANE A2 S T GFY ICT 28 5
/\E o

HH 3, AV E o 7Hdedl tat A Hoe ABFth

i)
r
i
rii
c
i
N
[>
=
e
i
auf
fr
Al
12
k1
N
oy
[N
b

rir

AN
tlo

oAE Al 48 B A8 Y= f(D.K L E) = f(K.L E(D)) )
A" Al oA e9h 247kx v

E=f'(Y,D)

CO2= (D)< E(D) n

V. = 7|43 ICT &8 =

(220199 7198 2AhOA ICT Ak T i 718 238 o5s =
AV A7ks HEd Zlojt). REERE B ICTE &8t Aths 32 FEEA
(4. 2%) 1M 7P wokem, FHEAY (21.1%), 7S ZAF U
(16.4%), AHAMN 2P (15.7%), A& -3 2 7]eAu29] (12.5%), Ax4
(10.8%) wo2 =Yth M 71ez B9, 4Fd d#gle] F2-=(Cloud), ¥
ol (Big data), AFRIEUI(I0T) ¢ 4857} duides st 9, 2uke,

QFA%S(AD, BEAA(BCO), 3D ZHE BDP), 23 (Robot) & AZY FEES
Bgh
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(% 3) 2 ICT 7l& 28 7| 5IS(20194, %)

e 7)14_] ICT | 107 |Cloud DBfa Mobile] Al | BC | 3DP [Robot
T4, A9 % o4 311 0.0/ 0.0] 0.0] 0.0] 0.0/ 0.0/ 0.0/ 0.0 0.0
34 10/ 0.0/ 0.0/ 0.0] 0.0/ 0.0] 0.0] 0.0/ 0.0 0.0
Az 6,330/ 10.8| 3.5| 3.4| 2.6| 17| 18| 0.2| 2.3] 2.5
A7), 7k, 271 I 67]19.4| 16.4| 13.4| 1.9 6.0 7.5| 15| 6.0 3.0
FE -3l - HYIE A, X
AeAae 146 1.4 0.0] 0.7] 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.7
444 578 7.8] 3.8 3.8| 2.8 L9| 25| 0.2] 10| 1.0
T 2 Anjg 1,480] 10.2| 3.0| 50| 41| 22| 1.7[ 0.6 L1| 0.7
T 2 3y 747 4.3| 0.8] 2.8 L7 0.9 0.7] 0.0| 0.0/ 0.5
Sk g A 346 4.9] 1.4| 23| 1.7 20| 0.0/ 0.0 0.0| 0.6
JBFS] 1,124] 44.2] 13.3] 24.71 20.8] 10.9| 15.3| 6.8] 12| 1.5
5 2 5yd 370| 21.1] 2.2| 11.6| 14.9| 5.4|10.3| 6.2| 0.0] 2.7
LR 270 4.1 L.5| 2.2] 0.0| L1| 0.0] 0.0] 0.0/ 0.4
AL et 2 7)exu A 5861 12.5] 2.6| 5.3| 5.8 19| 3.4| 0.3 1.4] 0.7
AtGAIAE HE], diAEl =g 630| 7.8| 1.9| 3.5 3.2| 21| L1} 0.0] 0.0/ 0.5
AEAH] 29 891 15.7| 3.4| 7.9| 6.7| 56| 6.7| L1| 2.2| 1.1
BAY - AR EA] AH) A9 331 0.0/ 0.0| 0.0/ 0.0] 0.0/ 0.0/ 0.0] 0.0 0.0
o - 2X2 - o7} MH|AY 3201 5.9/ 0.6| 2.5 0.9/ 3.1| 0.0/ 0.3] 0.3 0.0
d3 - A, 9 - 7]E )
JHelAB] 2] 98| 3.1] 2.0/ 0.0/ 0.0] 0.0/ 0.0/ 0.0/ 0.0 0.0

GEDE (EF D 22 HolEE AMEste] 2= 20199 AA] ICT 7S =
St TF AF 7199 THEAelA AHA]
) < A Aotk (F DI} vlwelEH, ICT w3
19 B (018} ICT 719 ®%) Bk

7
ICT 7le< 283 7I]de] 234 &2 719l Blsf

1o
=
e
12
s
J

= e
]

N offt
;));
o
olo
-
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(F 4) ICT 7|23 7Y okEdo| #2 SuhEolM xX|sk= BIE(20194, %)

T ICT | 107 |cloud| ¥ [Mobite| A1 | BC | 3DP |Robot
Data

T4, A9 % o4 0.0 0.0/ 0.0| 0.0/ 0.0/ 0.0/ 0.0/ 0.0 0.0
4 0.0 0.0/ 0.0| 0.0/ 0.0/ 0.0/ 0.0/ 0.0 0.0
Az 50.5| 26.4| 29.2| 33.1] 25.0| 30.7| 0.6 9.4| 24.9
A7), 7k, 271 I 63.8| 62.5| 43.0| 47.9| 27.1| 31.6| 8.7| 41.1| 24.2
P -3 7R A, 5.4 0.0 37| 00| 00| 00| 00| 00| 17
A=A
44 47.3| 42.2| 37.8| 38.1| 5.5| 35.2| 11.0| 21.5| 25.6
T 2 Anjg 22,91 4.8 9.8| 17.0] 3.8| 53| 27| L1| L6
= 2 A3 34,90 20.3| 17.6] 23.7] 16.9| 27.0| 0.0] 0.0 7.2
Sk g A 16.2| 2.6 9.2| 14.9| 12.5| 0.0] 0.0| 0.0 8.2
HEEAY 78.4| 51.0| 54.1| 64.0| 40.7| 62.2| 37.7| 0.6| 7.1
5 2 5yd 48.01 9.7 31.4| 42.3] 9.5| 33.6| 13.6| 0.0 9.5
LR 81| 3.0| 4.2 0.0/ 2.6/ 0.0] 0.0/ 0.0/ 0.1
A, g 2 r1EAu sy 35.7| 24.8| 24.5| 30.0| 4.1| 20.8| 0.1] 3.0 0.6
AtGAIAE HE], diAEl =g 26.7| 17.7| 11.4| 7.5 8.8| 2.4| 0.0 0.0 1.5
AEAH] 29 3.6 2.8| 17.0| 12.9] 6.6| 15.4| 2.0| 2.4 2.0
BAY - AR EA] AH) A9 0.0 0.0/ 0.0| 0.0/ 0.0/ 0.0/ 0.0/ 0.0 0.0
o - 2X2 - o7} MH|AY 4.6/ 0.4 13| 0.3] 24| 0.0| 0.6/ 0.0 0.0
jj;ﬁj;éTa'ﬂE} L9l 0.4] 00| 00| 00|l 00| 0ol 00| 0.0

@A EUZF 2" 22 Fsh ARl sl Aeasiel g dAdist

o ddiske] FAEA W82 fAE H3H(digital

transformation) ©]2kaz AF3r vl ok (F 5)& U Az F-EollAe ICT 71&

&8 H=S 20199 71 ICT wi&9) v (A elA ICT 71e2 283 7199 )
e

F
Vel ARle] i) & ol 4ol 3

=

(modernization) & 3

2
(<0

=9 = glg Aol Az £ ICT 79| 24
b e ARl FAVIZIF 23 WA 3 SA(C26)), EAdol xEE 1A
w545(C20), AAx - A g AFHAFeld dut steAFol £33 Mkt
(C19-C22) =} “AFEH(C30) "2k 240] 23Hd 71k &-574H] (C31) "= -2 g4k
el szt

gaflet 4F SoMe 125 (EA) 3 Hfsket Al £33 7140] ICT 7=,
53] HjvlolH et Febv=E AR ddata AR, ARMETL ZE HES
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B AF(C23) 01y 5 7HAIE (C25) 7199 75 ICT &8 vt dwtz o=

o}
oS

e

+

(£ 5) M=y &% ICT oiE v|S(2019H, %)

ga 7);4;] ICT | 10T |Cloud lffa Mobile| Al | BC | 3DP |Robot
1z 54 368| 55.4| 41.2| 48.6| 45.9| 31.0| 26.6| 0.0 0.2] 2.6
M frs}et 1,145| 48.9| 5.6| 23.0] 33.8| &.4| 15.1| 1.2| 1.8] 12.9
Ha4 FEAE 183 5.3| 0.5| 1.6 3.2| 0.5| 0.1 0.0| 10| 1.7
w& 7FAE 434111.8] 3.3| 40| 23| 0.4] 2.0/ 0.0| 40| 28
A7) - Az 386 | 14.5| 10.8] 6.0 6.9 3.2 4.7| 3.1| 4.0| 7.6
AAEE - BA 674| 76.9| 57.6| 56.8| 57.5| 63.5| 67.0 0.1 2.7] 50.9
A&t 746 58.7] 28.2| 20.7| 21.4| 18.0] 41.6| 0.0| 43.1| 42.4
71E %73 120 50.5| 30.7| 12.5| 45.0] 45.0| 38.2| 0.0| 19.2| 49.9
A48 71 15] 0.0/ 0.0/ 0.0/ 0.0/ 0.0] 0.0/ 0.0/ 0.0 0.0
o5 - g4 - F8 7)7] 262139.9| 19.9] 16.9| 18.4| 0.6| 21.9| 8.6| 8.7| 16.0
71ek 714 7881 25.1| 12.8] 9.8| 12.0| 7.1| 8.2| 0.0| 10.5| 8.7
S8 - @) 4821 23.1| 8.9] 12.4| 12.2| 19| 0.1] 0.0 0.0| 2.7
B - FolA 283133.8] 18.5| 16.2] 22.7| 10.0] 3.1| 0.0] 19.2| 49.9
A OR - EAE 381 6.5| 0.7 48| 50| 40| 0.1/ 0.0/ 0.0 0.0
Az Bt 6,330 50.5| 26.4| 29.2| 33.1| 25.0| 30.7| 0.5| 9.4| 24.9

V. ICT &g w3 ollvA] &) 8l 2A7R: wisate] A

A $2lE Flsel BRIsle] TADETE 71 FRAel i) A it g,
g

AVEIE TIYEE 20,8 A 32,8 Ghdkd U 2N TR
(KSIC2) & 71702 Ao - Q= (20134-20199) qmzww@o@ A
F(toe), =7t %%(COZeq)JJr njZ 6) 2 ICT &87]de] wj&d s £

w Ae A2 ICT &8o] AUuAAREFF CO2 wigdl nAle d&= +

o8] (2015=100) S o] &3 22714 g3t}
§2EA 5091 ool AT 39 9 o’}

8 o]’
A 719E A de® a7 2ol Sa719e] iAol ot 2AlE 7 Itk
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B3] el 4 (6)7 e WANS AR 4 6) NN y, = FEAFD
A9 9 ARIAEF (too), AHAEFE(too), SH7EA WEEF(CO2eq),
Aol mE eAsks MEFCO%), AUATLE (oo/mhE), T
(COZeq/sales) = 7} ghel 271 A% g2 ofr|aiek, osjel i el v
sfa) DA A7t ohl| FA 1k B AR,

MoJ®

Lo

il

Yj :aj"’ﬁlsjf,+/3210ij,+53pjf,+54t+€jt (6)
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A
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s, = 2015 AArtAcw Askd
o wpe} & 2kdolA ICT 7]&S &34
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J
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ot 53] Are TI9EE Aol FE Thseith B, ARE A3t nh
824 AWM A 7235 BAS] A8 FHES (trend variable), t& F713ITh
pe FEAT HHE, 53] o= 29 o ¥ (intercept) 2= Ay, 9
T = A Eh o ¢, = Ao R E AFME ¢, 7t
ETHTEEE WET L 7Pk
Wu-hauseman HIZAE 23} 4] 548 18sk1] ¢od A2 fojn|gt A
o7} A= oz #AYH] A A EF(industry fixed effect) 3d =gl
(Fixed effect Panel model =+ LSDV 2d) o] AlgE et thaksl z3lo] 342
= (R Doll Afeo] vk 5= AxH 7 ICT 7I1e=de] oA
Z% (Panel A), AR (Panel B), 18|31 217}~ vl&% (Panel 3) o] 1]
gk Aok 2d F 7+ F2 W= (variable of interest) o tisl] 7 & A
27 29 (log-log model) o] 7198} ICT 71E=d o] 71FHs}ol| B
A<l Faks Awsl BRuxt gtk (F 62 (FE D T UE 21 29

RF 3 Aotk oldl] Z|wksle] 4 AxE A2lelu v 2tk

st 7

Al g g4l E5-E el diglfiaeR A U 595 - (nPatent) Ee 11 28k
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(E 6) MY 1™z o =3 Zol ICT 28 &3
Panel At FEHFR AUANEF EE 1 2a8E AHS A
SEHSE In (AR A=) AR =
In (Sales) 0. 474%** -0. 00004
ICTsales_r -1.302*** -0. 0004
In (nonICTsales) 0.431*** -0. 00003
In (ICTsales) 0.017 -8.92e-6
F-value 32.21%%* 33.79*** 2.04 0.94
o In (AR AHE-E) AR F L=
In (Sales) 0.817*** 0.00016**
[CTsales_r -1, 148*** -0. 00032
In (nonICTsales) 0.736*** 0.00014**
In (ICTsales) 0.045%** 6.15e-6
In (nPatent) -0. 365*** -0.389*** -0. 0002*** -0. 0002***
F-value 30. 57*** 34, 48*** 4, 58*** 4, 45%**
Panel B: TSR AEASY T O 238 AR ¢
SoEEE— In (AFAH-) AE g ok
In (Sales) 0. 458*** -0. 00002***
ICTsales_r -1.161*** -0. 00002
In (nonICTsales) 0.418*** -0. 00002***
In (ICTsales) 0.016 -6.50e-7
F-value 45. 75*** 48, 37*** 23, 71%** 20.01***
TEHTE> In (A AL A=
In (Sales) 0.686*** -0. 00001 **
ICTsales_r -1.059*** -0. 00001
In (nonICTsales) 0.631*** -8. 84e-6™*
In (ICTsales) 0.036*** 1. 0de-7
In (nPatent) -0, 243*** -0, 272*** -5.8%-6 -0. 00001***
F-value 38. 83*** 43, 43*** 18. 34*** 17.16***
Panel C: FHHULE 2A7l~ wE&TF £ O 2O3E AHSS A¢-
FoEe— In (247120 E%) A OE
In (Sales) 0.492*** -0. 0002*
ICTsales_r -1.470%** -0. 0010
In (nonICTsales) 0. 460*** -0. 0001
In (ICTsales) 0.012 -0. 00002
F-value 38. 86*** 40. 03*** 2. 45* 1.35
S In (2417} £ ga3ode
In (Sales) 0.781*** 0. 0003
ICTsales_r -1.354%** -0. 0008
In (nonICTsales) 0. 734%** 0. 0003
In (ICTsales) 0.037*** 0. 00001
In (53171<) -0. 306*** -0. 348*** -0. 0005*** -0. 0006***
F-value 34, 17*** 38, 17*** 3. 88*** 3.91"**

= % k%
T

, e A7 0%, 5%, 1% el BAHoE fofdhs ofn.
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CRE Htel 7|22 oetnt #2817

7} Panel?] A WA 7t FEld 34 Ao w2, AU wiEe] Frlsha o
U AHE-=F (Panel A) 7 AR (Panel B) o] F7beta 1 A¥ 247k~ vi&ek
(Panel C) ©] Z7F3tth Ak] W ICT 71&S 283t wjE9 ¥ (ICTsales_r) ©] Z7}
s ol2f gk A W ol |qAIAE-E(HE 3 3 LAV wiEY TTHIE BE S
otk ICT wi&9 BlFo] 1%p 7k ouAALE S ABAeEe oF 1.1%-
1.3% Z2sln] &X7b wjE SRS 9F 1.4%-1.5% asle Ao FP9e) o]
= 2K Ul ICT wi&de] 718k ouAA-E& S71e, AEAES 718, a9
ARdellre] A7kx v & S7HEe] Holiths o tRY 7Y} ¥ 7o
AUREIF 2T 5 S AARRI

ICT 71&< 283 &< BFo] moA™ o|AARFolu 27k viEd &

7hero] WolR|7]= AN ICT 7ss E8-3 vl (ICTsales®] 214} ©]
o oA Agolut 247FA wjEo] st Y W) gle A ofdth o]23h Ab
A& 7} Panel®] & WA 7hol] FA)E In(ICTsales) & #3457 EAA o2 (HL}
A ZARE, S ghE obd A FE 1l Utk A W g4l EEs BA
SHA ICT 7l&<= 283 viEdol 1% SISk AUAIAEE-2 0.045%, AHAMS:
T 0.036%, 227k~ wlEHE 0.037% 7k AS 4 4 th

P

uAekE, ARk, B
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VALY 1 H)Zo] Zrtaitla A o]2ld AEeks fA gaks ublslx] ok

t}h. o]2lgt AT A= [CTsales_r2} In (ICTsales) o A7 A= 07} o}

27 gtk Ao olH e AL Edll & 5 Atk olH e 4 Ayk= UNEPS £33
[e; S

712 ATl A ICT 7]&0] dUA &S AWk A TA7)A T Foj= 10d Woll= A

AL SV Aelgke AW #4dth ICT 71889 + a2 (HAA
AIAAIE TS ZH2A7|ARE, By wr) g ouR| o) HlE] e AT
Z7M 71 &3 7F A2 A3 23} ICT 71&0] e e o uE &A7kas =
ol E¥ ke A5 Zde FAAHCE fouisk] &2 Aom =Yyth ole
Panel Co 4 Z23E T3l g0 4 Uk

FEE B e A W A 2F (56 d5E iR AR o Zath 7
Panel ]| 4] ln(ﬁ 5 A9 o FHAFE 05T Ao AR FAA R foju|sith
ol= 2kl W g4l &5l ARG, AR, 24A7E2 HlE ol

@
mﬂ‘.
:‘.’E
A

)
N,
12
b

20150, U,

.
V. 20p} AE

AEEA7|E FA A (B4l MEHA, #5FE, dolg A 5o 4&=2
37dslaA] ICT F-2o] It B dUAE AHSEA]|, 1 A3 247k wjE
dupt Z7ZA] ] tigh -2 7F Al7]E I Aok BAld ICTE 2-838) ouA] +
£ ABHAY AdUAE ZBeAoR AMESta, A B JHE AARe R
THEFoEA £ AAE D Avke 71 g AR 3 vk B ofueh
ICTS gAY 7<= Qe AL vjgoz 37 FHy} vlholEl = A= A
of AlHloAl Agsa AlRlo] A Hodd  gle Ad= ¥ Aoz 7g€ch

olAF ICT¢} 7| F¢ke] #A= tha9] 372 Aedrh 8 A M= &3] ICTY]
galizisolet Bele AR ICT AlFH Au| =9 AlZx, AR e #H7]9) #dd
A7 = W Ee (F &), A WA B 71$RIskE doitte HolA 74
Zoln] oA AFe feieh ddo] itk F WA= ICTE <Qlal] AeZ 57} 713 A]

o o

4

8) https://www. ericsson. com/en/blog/2020/2/climate-impact-of-digital-technology (2021. 09.
24. AA).
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5E ICT e8RS Folohtt gk B2ARS Folt WEe BA gk
olE} AIE1E YA 2 oz CAls, B 7193 FRste] A AelA TR
AAZ Amshe A, 1CT A2 A715p] 0] 3N & Al o) AH8sIt AL
goke Fwek A MA el ALgEY ASAE ICT 71719 E23t Aas,

2T Axg B OdoR [CT 49 19 Agke] JEng mx 350
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7] HHE—OM. A0 B KSIC2 99114 B89 oIS AL 97 10T 7
24

oo w2 UR] AH] D LAVIAE Zole FIE I D9 oA
A ol= A AHEE TdEE AL TR F2AE, DBIF 24t B
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th. &% A vlelEe] 270 W97k HolXW DBe] FHE Flglolut AlgiA] el
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(¥ 1) ICT

g8 &1

b Industry Fixed Effect 2 FXZn}

Panel A: FEHFE AUAAET B O 2a3%S A3 4
o= oA A= In (A ) AR F=
Sales -2, 3e-6 1. 37e-9 -1.95e-12
ICTsales_r 238.4 -0.122 -0. 0004
nonlCTsales -0. 00003* -1.51e-9 -1.09e-11
ICTsales 0. 00001 2. 36e-9 9.91e-13
F-value 0.08 1.15 0.09 0.08 1.97 1.56
58— AR A= In (A ALE) AR F=
In (Sales) 197.0%* 0. 474%** -0. 00004
ICTsales_r -369. 4 -1.302%** -0. 0004
In (nonICTsales) 169. 4 0.431*** -0. 00003
In (ICTsales) 7.437 0.017 -8.92e-6
F-value 1.47 1.37 32, 21*** 33.79*** 2.04 0.94
TERT— A3AAHE-F In (A A=) AR R F=
In (Sales) 850. 4*** 0. 817*** 0.00016**
ICTsales_r -101.0 -1.148%** -0. 00032
In (nonICTsales) 616.5*** 0.736*** 0.00014**
In (ICTsales) 408. 4* 0.045%** 6. 15e-6
In (538719 -699.0%** | -568.4*** | -0.365"** | -0.389*** | -0.0002*** | -0.0002***
F-value 6. 23*** 5.08%** 30, 57*** 34. 48*** 4, 58*** 4, 45***
Panel B: T&HUFE A AT B8 O 2agks AHE 45
FoEE— AHAEF In (AEAME=) AR g=
Sales 3.53e-6*** 2.88e-19 -3.88e-13***
ICTsales_r -36.5 -0. 0942 -0. 00004**
nonlCTsales -4, 85¢-6"** 4. Tle-9 -1. 81e-12%**
ICTsales 7. 75¢-6** 1.53e-9 1.71e-13
F-value 25. 23%** 39. 56*** 0. 54 0.53 7.42%** 8. 20%**
55— ZEAS-=F In (AEAHE) Agy =
In (Sales) 64. 36*** 0.458*** -0. 00002***
ICTsales_r -34.63 -1.161%** -0. 00002
In (nonICTsales) 58. 09*** 0.418*** -0. 00002***
In (ICTsales) 2. 257 0.016 -6. 50e-7
F-value 24, 27*** 22,37 45.75%** 48, 37*** 23.71%%* 20. 01***
FoE— R In (AAHES) AR g
In (Sales) 102. 8*** 0. 686*** -0. 00001 ***
[CTsales_r -19. 26 -1. 059*** -0. 00001
In (nonICTsales) 75. 70*** 0.631** -8. 84e-6™*
In (ICTsales) 3. 870*** 0.036*** 1. 0de-7
In (E314%) -40. 64%** | =22.37FFF | -0.243***F | -0.272F** -5.89%-6 | -0.00001***
F-value 20. 93*** 17, 72%** 38.83*** 43.43*** 18. 34%** 17.16%**




% EE 2 2age 488 A%

Panel C: FEWMFE 27k~ &
= EY (T E) T
Sales 0. 00001 3. 38e-9 -4, 34e-12
ICTsales_r -564. 8 -0. 387 -0. 0013*
nonlCTsales -0. 00007* 6. 00e-10 -4, 34e-12
ICTsales 0.00005*** 3.21e-9 -0.001*
F-value 0. 60 2.45% 0 67 0.29 1.67 1.67
FHEE— LAV A E In (A7t E%) [REasi i
In (Sales) 540, 2%** 0.492*** -0. 0002*
ICTsales_r -1286. 8 -1.470*** -0. 0010
In (nonICTsales) 452, 7** 0.460*** -0. 0001
In (ICTsales) 29. 46 0.012 -0. 00002
F-value 2.68"* 2.67** 38.86™** 40. 03*** 2.45% 1.35
T A7t = In (472 E%) SEan i
In (Sales) 1587. 8*** 0. 781%** 0. 0003
ICTsales_r -868. 1 -1. 354*%* -0. 0008
In (nonICTsales) 1215, 5%** 0.734%** 0. 0003
In (ICTsales) 99. 40* 0.037*** 0. 00001
In (E38715) -1107.2%** | -969. 6*** | -0.306*** | -0.348%** | -0.0005*** | -0. 0006***
F-value 5.13*** 4, 88*** 34.17%%* 38.17"** 3. 88%** 3. 91
MRS AR 10%, 5%, 1% fOFElM BANCR felde o],

o
=

=Z.
T ,
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The Impact of Digitalization on GHG Emissions in the

Manufacturing Sector

Hyungna Oh* - Jong Ho Hong**

Abstract

The digital transition has been transforming the nature of energy and resource
use in the production process. Existing literature have presented different views
on the digital transition’s impact on greenhouse gas (GHG) emissions. Some
have welcomed the wave of digitalization with the expectation that ICT
technologies will contribute to climate mitigation by improving the efficiency of
energy and resource use in the production sector. Others, on the contrary, have
shown concern that the resulting surge in electricity consumption, water use and
e-waste generation in digital sectors will do more bad than good in regards to
GHG emissions. With the present study, we investigate how ICT technologies
affect energy consumption and GHG emissions in the manufacturing sector. Two
datasets, the Survey of Business Activities (2013-2019) and the National Energy
Total Information System (2015-2019) are employed in the empirical exercise of
this study. Estimation outcomes suggest that utilizing ICT technologies in the
manufacturing sector will help reduce overall energy consumption and energy
intensity, implying that the twin deals (Digital New Deal and Green New Deal)
are complementary. However, this positive synergy effect of digitalization in
green transformation was not found within electricity consumption, the dominant
fuel of digital technologies, as its carbon intensity is higher than that of most
other fuels. As a result, the digital transition will show an exigent need to green
electricity production.
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