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ABSTRACT

This study applies the Logarithmic Mean Divisia Index (LMDI) method to decompose changes in greenhouse gas (GHG)
emissions (Scope 1 and 2, location-based) into three components: revenue, energy-intensity, and emission-intensity effects. The
analysis focuses on five major Korean Al service companies - NAVER, Kakao, SK Telecom, KT, and LG U+ - during the
critical period of Al infrastructure expansion from 2022 to 2024. Amid the global surge in generative Al services, this study
addresses the structural tension between the escalating energy demands of data centers and corporate commitments to carbon
neutrality. The results reveal a significant structural divergence between sectors. Platform companies (NAVER, +46.4%;
Kakao, +48.3%) experienced sharp increases in emissions, primarily because of the rapid expansion of Al-related infrastructure
and the operation of new data centers. In contrast, emissions from telecommunications companies remained comparatively
stable, changing by -2.4% to +5.9%. The LMDI decomposition confirms that the energy-intensity effect, which was strongly
influenced by the integration of new facilities, was the dominant driver of emission growth among the platform companies
and SK Telecom, outweighing revenue-driven increases. Furthermore, scenario analysis based on business-as-usual (BAU),
IEA, and COP28 scenarios indicates that platform companies cannot achieve carbon neutrality without successfully decoupling
infrastructure growth from energy consumption. All five companies must simultaneously improve energy efficiency and
transition to renewable energy sources to meet their declared 2040 - 2050 net-zero targets. Finally, the study calls for
standardized facility-level emissions disclosure and coordinated policy support to optimize data center efficiency during the

Al-driven industrial transition.
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Table 1. Overview of analyzed companies

Company Al service Own data center Net zero target year
NAVER CLOVA GAK Chuncheon (2013), GAK Sejong (2023) 2040
Kakao KAKAO AI, Kanana Data Center Ansan (2024) 2040
SKT A. Gasan Al Data Center (2024) 2050
KT Mi:dm, KTCloud Bundang IDC (2001), Mokdong IDC (2008) etc 2050
LGU+ ixi, ixi-O Pyeongchon Mega Center 1,2 (2015, 2023) 2050

Source: Company’s ESG Reports

Table 2. Statistics result of 5 companies

Emissions Sales Energy
Company (tCOzeq) (100M KRW) Consumption (TJ)

2022 2023 2024 2022 2023 2024 2022 2023 2024

NAVER 87,092 90,612 127,462 55,126 56,098 61,809 728 767 1,051
KAKAO 68,264 55,621 101,229 24,566 24,996 25,951 1,409 1,126 2,023
SKT 1,101,340 1,149,240 1,166,518 124,146 125,892 127,741 22,995 23,997 24,379
KT 1,108,658 1,127,476 1,137,585 182,892 183,714 185,797 22,946 23,339 23,574
LGU+ 1,453,517 1,475,232 1,418,397 127,816 132,386 134,962 30,351 30,814 29,644

Source: Naver, Kakao, SKT, KT, LGU+ 2024 Sustainable management report (2025)
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Table 3. Settings per scenario

2AEY AT wjESA S shehEo] n|RtyE
o] HiEgol Ao FHEHUZ 5= vk 1AL B4 7|7
F 717ER.9] QHit Hlo|HAlE eF &2 4l HolE|AlE H
P 22 43I 124 $EF CAGR 4Hgof| HHg = of
U0], olF 7| FAE AT A wiEFo] Ao 4
H 7570l U&= Fosfiof gt

ERE AU 2 LMDI 2684 doA AAZTE
7|8ko 2 517 wjZo] viEgo] 091 A% Aite] E7ks St
t}. olo] gAY AlUE] 29 ogtoll FAgke|(6=10"")
< HU5t= Small-value approachS Z-85} . E3H 4
olf A gl v AR Qs WAst= 29l 1+
FSA(C=S - IS - IE)S] ELAE AAH] ¢Isf & vl
S3o wE wiEgdE Q& AxFFeEH A7t
AR o= A EolEAS st A4S gE
Sheltt. ZF 71 AluE] @ AAZ Table 32 2o, wf
£ e HiEydE M2 Al AUE o T 4
| oUAHSFE e AU QR ApEsHE
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HI

4.1. 7|gE 24712 HiE 29 FsiEY

LMDI £38}24 ATK(Table 4), ¥]o]H-7171.2.-SKH]

S
Corporate | Scenarios ;:\r/l::llj:: chilrjgr;ujlate z:;::;l BolA= Oﬂ]j—]X]@ijE S HH%_% ?7]’94 Al EiHZS‘I 2
growth rate in E/S rate in C/E doz Agotgon, KT = ME a7t Wed 5
BAU 0.058882 | 0.134664 | 0.0069 7 FESIAT. LGREHAe ouARE A
NAVER IEA 0.058882 -0.013 0.0069
CoP28 0.058882 -0.04 0.0069 Table 4. LMDI decomposition analysis results of the
BAU 0.027803 0.16567 0.016415 5 companies analyzed
KAKAO IEA 0.027803 -0.013 0.016415 Unit: tCOseq
COP28 0.027803 -0.04 0.016415 Change i ol Encrgy Emission
BAU 0.014376 | 0.015063 | -0.000476 oE intensity | intensity
SKT IEA 0014376 | -0.013 | -0.000476 Company | emissions | effect effect effect
COP28 0.014376 -0.04 -0.000476 '22-24 22-24 22-24 122-24
BAU 0.007911 | 0.005637 | -0.000622 NAVER | +40,370 +12,129 +26,787 +1,454
KT IEA 0.007911 -0.013 -0.000622 KAKAO | +32,965 +4,589 +25,656 42,720
COP28 0.007911 -0.04 -0.000622 SKT +65,178 +32,361 +33,894 -1,077
BAU 0.027574 | -0.038235 | -0.000444 KT +28,927 +17,698 +12,625 -1,396
LGU+ IEA 0.027574 -0.013 -0.000444 LGU+ -35,120 +78,114 | -111,958 1,277
COP28 0.027574 -0.04 -0.000444 SUM +132,320 | +144,891 -12,996 +424
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(-111,958 tCOzeq)7t HIETFF HAAE o|F FUT 7|FL2
UERS T

A 717891 2022 ~ 2024 0] 2AVMA HiEHS F
132,320 tCO,eq Z7F5151.0H, tiZ F3}7} +144,891 tCO.eq
o F & 7ML 109.5%F AR5 F7ME Fi
SHATE oA FFE GTH= -12,996 tCOxql. 2 F &
o S7HEY] 9.8%E AJths A 810 = FEoH3loe
o, EHFE T = +424 tCOeq O 2 AMAAY wlm|g 4=
o] 24 oA Ago] o] HA HjE=F ®isto|
FYugt JFS vA= 2ol 0|2 EotASS At
sttt 7]EdE oy 20249 W& WHElEL SHE V]
J Ho[H(+46.4%)2F 717FR(+48.3%)NA =i =A|
Uehd gHd, 41 71990 SKEHFH(+5.9%), KT(+2.6%),
LGRETA(-24%)= HHHH o= gt ¥skE H o
ol= &4 717t W Al dHlolgAlEZF Bl Hejo] HY
" Zo] FH Yloz e

yloH 9] 20249 2A7EA HiESHL 712 AE(20229)
thH] 46.4% 2713t 127,462 tCOeql. 2, 22 7|7} &
H Z7HE(12.1%) A B3stAdh F FS7HE(+40,370
tCOseq) % ORI AT G IH+26,787 tCOq)7} AA|
Z7189] 66.4%S A5t Z7ME 2T, WER
TH+12,129 tCOeq)7F FE oIt E/S etste] =4 gl
2 AlE dlo|lgAlE 9] 2023 Al 7Fso & QIg By
el g2 wdEoh siEYSE BIK(+1,454 tCOeq)
£ "ugk o] IH

71712.9] 2AZFA W& 20239 LAFHOZ Zh
(55,621 tCOeq)3FATH7E 202410 101,229 tCOeqO. 2 &
ot 7|EA% thH] 48.3% F7Fetal o, 22 717k f
29 F7HE(G.6%)= A A3sklth. LMDI EofEA
Ay}, 20229 iy 202340l oA FFE @t
(-14,907 tCOq)7} HiE AT ol& o, 2022 tiH]
2024d0fl= oA HLE BIH(+25,656 tCOeq)7t S7F
(32,965 tC0eq)2] 82102 IAEQItt ol 7171
2024 B9 HarA A HlolElAlE QRARe] 2024| Al
Helol| 2 o0&, Y BE AotETh= Al 91zt A
3 T2 Axz sjAdth EdYe fi= & A7k
HE FHOoR YUet oA A sjio] o]Fofx| ]|
ANS AARRITE

SKE#F9] 20249 2A7FA HlEHL 7|EHE
5.9% 2713t 1,166,518 tCOeq .2, 22 717t & &
THEQI%) S AZE AJE|oETt. LMDI ESiEAN A
20224 tH] 20243 &S Z7H+65,178 tCOeq)= oY
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A Z ke G IH+86,502 tCOeq)7t B2 717 oL A] 4H]
ol W& 7S A AElste 6.0% S7Fet Ao 7]
QIgttt. o= B4l QlZet ¢ E Al AJH|A W Edjo] o)
£ ArERl o|A] 8 F7he] AxE waEY, oy
A Aok o] Bl +EHET &I S
(-1,077 tCOeq) 0.2 AZE AFafo I3 on, A2 SKE
gl &2 Aol A] ARG &0l 2022'F 2.0%00A4] 2024
9.4%% HI2A| F7IstASolE BlEHF=(C/E)Y] A
2 HS}E(47.89 — 47.85 tCOy/TI)0] At olojA] A A
& oo fonet FE AR otk viE
A= 432,361 tCOeq 2 7]oJst3Th

KT9] 20249 2A7FA HiEFL 7|EAE HH] 2.6%
713t 1,137,585 tCO,eq O 2, Bi&Fo] Z7It 7|4 &
Z7h80] 74 Yt LMDI EajEa Axt 20229 tiH]|
20249 HiE&H  Z7H+28,927tCOxq)= UWE a3}
(+17,698 tCOeq)9t MR HLE  FIK+12,625 tCO,eq)
7 FEstlon, BiEHdE BIH-1,396 tCOxq)= &%
Aol Ao A" oAUAFHIE &7t 13,973
tCOeq/AOA 6,313 tCOeq/AO 2 Hul o]sl2 ZAH
o] ehitet | FA7E ERlEY, HiEHtE S b
n)gk =20 MEE Uth

LGREHA9] 2024 247MA Hi&FS 1,418,397
tCOql & 7|=AE the] 2.4% ZAasto] 57 4 iy
719 & FESHA HiETo] At 7P E YERHTH
LMDI 2324 Ax}, 2022 o] 20249 #i&F 74
(-35,120 tCOzeq)= ONUAHFE FIH-111,958 tCOeq)
7b gEAQ FA QQlow gslgion, wEayt
(+78,114 tCOeq)7}t O] & FHF Aot &t &
TH-1,277tCOxq T & 7|05t AB+ HiE WS}
= 421,715 tCOq/HF A -17,560 tCOseq/H & ATlE]
o] oHAHFE FHo] 7h&3kE T Q1o ERlE

4.2. 71¢E AUZIR 24
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Table 5. Scenario LMDI decomposition analysis results (Unit: tCO2eq)

Company Target Scenario Total change Sales effect Energy intensity Emission intensity
year effect effect

BAU 2,555,032.80 767,694.79 1,695,188.81 92,149.20
NAVER 2040 IEA 160,767.00 180,368.14 -41,251.73 21,650.58
COoP28 57,466.40 141,356.25 -100,855.22 16,965.37
BAU 2,265,815.50 315,413.22 1,763,143.12 187,259.16
Kakao 2040 IEA 63,994.00 57,314.63 -27,347.84 34,027.21
COP28 4,778.70 45,457.22 -67,667.57 26,989.05
BAU 1,296,761.30 643,816.49 674,391.91 -21,494.24
SKT 2050 IEA 21,824.80 436,936.97 -400,569.46 -14,587.43
CcoP28 -588,757.60 310,965.67 -889,373.20 -10,381.79
BAU 452,445.60 276,830.67 197,479.48 -21,864.55
KT 2050 IEA -159,944.70 216,266.56 -359,129.96 -17,081.30
CcoP28 -662,266.20 155,478.92 -805,465.66 -12,279.46
BAU -386,293.40 859,292.84 -1,231,573.70 -14,012.54
LGU+ 2050 IEA 605,441.50 1,204,547.85 -579,463.46 -19,642.89
COoP28 -434,426.60 840,156.52 -1,260,877.84 -13,705.28

7t e, 2040 HHE F2. oF 281t 84 tC0O,eq O 2
2024 thn] oF 2.3 2o 12l COP28 YA &
£ 71 AU Qo= E/S 7fAE0] A 4.0%= 75HE
o] BAU tH] 93.1%9] 7= a3} gQl=, 2040 Hj
ZF2 oF 184t 54 tCOeqC & 2024 9] 1.54] Y]
Qo] 3ttt

Iy Al AlyE] 2 BFRoA BilEHFE(C/E)= BAU
FA(+0.69%/A)= L= o] Qlof, COP28 AJLe] Q0fA
22} 2040'F Hj&Fo] 2024 thy] 1.58) $=3of 212tk
o|= AvA & 7iAo] E/S §5= o= A= AAIsHH
g, Aol A M-S B3 CE A7to] HYPE A o
W A wiEe] AdA i A7 S AR
(Fig. 1(a)).

717te = Ho|HEH H ZHkE o|A| Yt ot &
AI(E/S CAGR +16.57%/d)2 Vel H, BAU AlUg] 20]
A 20409 BjETo] oF 2379 tCO,eql 2 2024 (SF 10
TF 17 tCOseq) tH] OF 23.4H]0] ot= 7P =2 57t
7 AYE IEA :LE‘:” Bt aE7iA AU oA =
BAU tH] 93.0%9] 7= av=Z 2040 8j&Fo] oF 16
T 57 tCOeq O 2 WobA| L, o] 73] 2024 o] <F 1.6
Hio g3ttt COP28 ovA] && 7H AUz oA=
BAU HjH] 95.5%2] ZF50] o]Fo]A 2040 Hi&To] oF
109t 67 tCO,eq 2 & 2024 AA I} A9 558 50l
dddEn. 7Ples ERE 7Y 5 HIEHSE o4} &

A(C/E CAGR +1.64%/¥)E 37 Uepta 9lo] oA
28 AT APl e FAlo] 2skA kS 7

T HEF 371 &Eo] 2A Agshes 7Idez E4dEn
(Fig. 1(b)).

SKEHFE UALFETL £ F7HsHE FAE/S
CAGR +1.51%/{)E Hol= Hiy, sji&HFr= AFAAT

H3l7b 9l $22(C/E CAGR -0.05%)& UERdTh ol
24 717 &<t A9 viE Aert 1 F-8= o] Aol
Yz 29 ko] MiEefro] vty ok Aoz
HEtt. BAU AU oA olyA] =871 A& o]
2050 BiZEFo] OF 2464 tCOLeq O E 2024(F 1169+
74 tCOseq) TiH] F 2.18|2 Z7}5lc}. [EA 22 BF
TN AlvE] oA = olv A= 7HH°] A -1.3%
2 A=A BAU U¥] 51.8%9 7= a3r} 95}
31, 2050 HjEL oF 1187 83 tCO,eq 2.2 BAU AJL}
2Q tjv] IA ol 2024W 42(F 1169 7H
tCOseq) HH| 2= B4 FA|(+1.9%) ol L7 o=
IEA 7]Z& 7A48(-1.3%)°] SKTS] BAU E/S Z7} 34
(+1.51%)F Aot ol E3tst7] gj&o|t}. COP28

Uiz &8 7} AUE] 20)A= BAU HhH] 76.5%2] 7+
Zo] Adx|o] 2050 HjE&To] 9k 577 83 tCO,eqO.E
20244 o] 9F 50.5% ZAsH= 2Fo] zgsich SKH
HE2 oYA»tE AT A HBAUA] HTHS &
g it A7to] WA o w©AFH gAdo]
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NAVER: Gas Scenario ysis (2022-2040) Kakao: Gr Gas Scenario Analysis (2022-2040)
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Table 6. Required annual improvement rates for net zero achievement (Unit: %/year)

BAU Trend E/S only C/E only
Target year
Company o (Current) (C/E fixed at BAU) (E/S fixed at BAU)
2 E/S C/E Required E/S Gap vs BAU Required E/S Gap vs BAU

NAVER 2040 +13.47 +0.69 +12,129 -52.56%p -45.95 -46.64%p
KAKAO 2040 +16.57 +1.64 +4,589 -54.41%p -45.80 -47.44%p
SKT 2050 +1.51 -0.05 +32,361 -24.73%p -26.67 -26.62%p
KT 2050 +0.56 -0.06 +17,698 -24.45%p -24.36 -24.30%p
LGU+ 2050 -3.82 -0.04 +78,114 -21.53%p -22.42 -22.38%p

7f4o] BAU FAE AAAIA HlEHo| A4 WP R
Agkem, 2050 &2 F 979 8% tCOeql®
BAU tH] 38.5% 7+&o]] 13t} o= KT9] BAU E/S &
7H&o] Yol IEA AU 29] -1.3% 74 BI7} AJthE
O 2 Ao =w A-E57] wiZolth. COP28 oA B+
7t AU Qo] A= BAU tH] 70.1%2] #50] AR
o] 2050\ ®jZEEFo] oF 479 53 tCOeqC 2 2024 T
H| oF 58.2% A4St ARV} E&HTh KT BAU 7|&
E/S Z7H& AAI7} +0.56%/HA 0.2 Yo} ofyz] a-& 7jAl
AU 9] 5 7|ofZo] YHHoE AjtE= 125
7Ht ot ol= && iAol EZasith= Qu|7t of
Yek, COP28 4(-4.0%/H)Y] F= =2 /Aol A&2
7% BAU tiH] 70.1%9] #-2Ju|et #A5o] 7 &1l
o 4= ok 2= KTY g@hagd 242 A= olvA
7E fAT} APANHA] [ BFTF ASEGHORE 9
TEThH(Fig. 1(d)).
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776 HeZ - AYSE -
3t G4k 24 (Table 6)°] W=, oUAF At Aoz
gaFHS 2ASEE dA BAU FA fiH] HloH

-52.56%p, 717t -54.41%p2] F7} 7j4do] Q= M, HiE
ALz JfATto 2= HolH -46.64%p, 7HLL. -47.44%p
o] Z7} 7iAdo] B astrt §4l 7]4(SKT-KT-LGUH 9| 7
ol Y 8RR B 90| FRFCE ARt
E|H(Table 6), PUE 7§A- Yz A|AEH] 1 E=SHAL A4 3
Fot 5 BE& FARR AAPoIHA] Hgo]| HIEA] B E o]
ofF & ofm|gttt.

=, BAagE A9 Aa gEE
Ad AA 43 dolgAlE E3F 2& 7|
8otk AuE| e B4 A3l BAU A4 A& Al
7149] 20409 HjEEFo] 2024 thE] 2F 21 ~23H[of
o Aoz Arlo] 3 ©AGSYH AATe] Frt
ZoJo] Folxitt. Y ESG A A= A4 EH
Ao MEY olgS AFS wHst= WAUSFC] A5t
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