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ABSTRACT

As international ESG disclosure standards converge and global reporting frameworks such as IFRS, the EU, and the US
continue to develop, the need for robust supply chain management of Scope 3 greenhouse gas emissions throughout the
corporate value chain has become critical. Korean companies must proactively prepare to comply with these evolving
disclosure requirements. In particular, when calculating upstream emissions of purchased electricity (category 3, activity B),
domestic firms commonly apply domestic and international emission factors in combination or employ adjustment methods
to address discrepancies. This study conducts a comprehensive analysis of both domestic and international electricity emission
factors and proposes an application framework that reflects Korea’s unique national context for calculating scope 3 upstream
electricity emissions. The findings have three key implications: First, establishing clear criteria and procedures for validating
default emission factors is essential to ensure consistency between inventory-based and disclosed emissions. Second, improving
the accuracy of disclosed emissions requires continued development and refinement of lifecycle-based emission factors that

are differentiated by electricity generation source. Third, prior to mandatory disclosure requirements, Korean companies should
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proactively invest in building and stabilizing electricity disclosure systems to meet international transparency standards

effectively. By offering practical methodologies and deriving emission factors tailored to Korea’s specific circumstances, this

study makes a major contribution to advancing scope 3 greenhouse gas accounting and disclosure practices in Korea’s

domestic corporate sector.
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1. M2

20254 29 F-HF P YLI](EC, European Commission)
= RX|&71NsA(ESG, Environmental, Social and Governance)
TAIE g3toto] 7149 FFFEEE HAAT7IAL ESGE
24st7] A%t FYH A 5712 (Omnibus Package) & &
Esigon, WA EU t719o] ESG B4 oO¥SE
202604 202802 219 ROSHAY A& ddE =
a3he 5 oPI9Iel A BT RS s gL
A3)SFITHEC, 2025). U= SHAHN YL (SEC, Securities
and Exchange Commission)+ 2026WHE 7|& HE H
22 olFslellz siglod, B 94 59 W A
3 MA Wolg SHshe S(US SEC, 2025), FF EHI
BT 271 A olF ESG FA] FAo] gt AY AA
g Aoz dgdct U9 B9, S8Y3lolA 2023
| FA FA] QT3 AI7E F8= FA € 5= 1L
Sko] 20269 o] % -89 Ao ® YHSI O, EU 49
7149 TA] 978} A]7]7F 20299 0.2 o HEHES 7Lt
o] Scope 3 2AZFA HlETZ AL Hx TA AP Al
7] 52 AHESV2 ZAHSFHTHFSC, 2025).

=2l 7199] ESG FA 484 =°17] 3l IFRS
(International Financial Reporting Standards) AT 2022
| 3o THeE 2AH7EA viESF SAI(IFRS S2)°] His]
AR 7199 ARH o2 Holy #4 ZA17F A&4
o7 A7Ee ofota, 7199 Hi B Asket FA|
o] d¥Ag 9 A FH, Scope 3 & FA|Q gt
Jlo|= ABE BHOZ slo] FEUL AT & 3
%QK(Exposure Drafty2 2025 4Qo] ¥R THIFRS
Foundation, 2025).

R IFRS, EU, U= 5 F270] 247k wiEF 4

o) BHHO R e LAL AR D Bl
St <A E521 GHG Protocol (Greenhouse Gas Protocol)
20254 1€ HiET APE 71eZ <oF 124 whofl 7iAsH]
StR.om, £3] Scope 3 EEL 2026W71A] EFE XA
or ISR L ESFGTHGHG Protocol, 2025¢).
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ol& ol ©AYEZ7ZZAE(CDP, Carbon Disclosure
Project), A A F-E ILAHE1E(EFRAG, European Financial
Reporting Advisory Group), == 3 110]4E|E(GRI,
Global Reporting Initiative), A RX]<E7FsA7E&H A3
(ISSB, International Sustainability Standards Board), 2}5}
7WHEE2 oY E]E(SBTi, Science Based Targets
initiative) 5 57] 7|3o] SHHEZYA3](ISB, Independent
Standards Board)ol| B2 7]Ho2 MFA Frofstod
E87 B3 e F7aied JloiE Aok At
(GHG Protocol, 2025Db).

F2=9] ESG TAlo] g &= =4 skt A4 F
Al 71 =97t 2ASEEA 7149 ZFRARE(Value
Chain) Z5to]| A4 #l& == Scope 3 2A7tA &0l
et 35 #EY I A3t F_SA L U EE,
S A 7IdEE BAT dElE sfjoF gt I8y
Scope 3 Bi&%Fol| tigt HEIE Hi o] FEZoh,
719 Y EFAHCRE Qe viEF S0 olHE=S
Z3 9lo] Scope 3 HIEHS EHH R FIske A
FESE ofe EFslttal B3l Qlo]A](Dragomir, 2012;
Hertwich and Wood, 2018), 7|59 =249 3L of
22 AAoltt. ESH GHG Protocolo A A|AJetAL Q&=
Scope 3 HHES BN 7]E0] FASHH, JFH A
2 E4& WGkl Fokal qlolA wiEd A 1 A
d FHo|= FHAZE 2R3} olo whek I JA A
= A5 ESG BA| AR X FAH 710 xTH
Scope 3 7hol=Zl ZiEel R4S AZIgt v Sl
(FKI, 2023; KCCI, 2023).

e 4Hd 7] & Y (KEITI,
Industry and Technology Institute)o| A= o|Z}FAR] J=
I A HAEH 0] JFY Scope 3 AHY FUAE HY
5} O H(KEITI, 2024a, 2025a, 2025b) AFS| & 71A] A+
L(CSES, Center for Social value Enhancement Studies)<-
AFRAE 9I8F Scope 3 £ 7ho|EEZ X6l ou
(CSES, 2023), = t5= 7|o] 382 & A& & 9
= &3 tolHet A 59 JEe ta FEs5i
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IHEA 28| TS Scope 3 2ATtA HISZ

E35] Y 7]gof|lA &-85k= Scope 3 AHY /IR F 7
g1 3 ‘Fo) o) JAEY HiESH(Activity B)” AHY
Al Scope 3 ZBACNA A9 wiEA7E Hes] Wi =HA

2oF w9 A9 wiEAs 52 E£Fsto] A-8stAY Hl
SAa 2F Atske WA 5= E851 Qe Ao E UE
1, Scope 3 HIEF 1+ AP EAZH AT 7HsAdol 2
AL AA SAlO] A3 Sl AAE" HE HiEA

4 7lo|=9] H QAL A|otst v Utk(Seol et al., 2024).

GHG Protocolo| A A 9Jsl= 7}E|1L8] 32 Scope 19°]

1 Scope 20]] 53H4] QH= AE % o] #E FEo=,
H 7]9jo] Bl Awo] AMERE g OﬂLVH A,
&, A% 2 S #eE 2E aEs ZIRit

(WRI and WBCSD, 2013). Fujj A2 9] 93&5% Hj S
2 Scope 2 & AHETH Feo] Jlong Y HjE
BAAHA(ETS, Emissions Trading System)oj|A] H-835}=

S7h 36 A EAS BE % 54 vee A
HAHEE do]gH|o]A(LCI DB, Life Cycle Inventory

N & O

Database)Z 283t QAVIA HlE&AS 52 vEdte] B
1719 WEe] YuyS Sug Wast ok

whbA B o] A= Scope 3 ZHE|ALE] 39 Fuf AY
o) JAEY WiE A A, FU) 7o) A A& s
A WEArt 18 W Adsta gk ols
915to] GHG Protocol 7|¥E0.2 414 747 AR 414
uPY 58 Sersia, 7t & AARA Aset 27t Lal

dIot OI7L: Category 3 HAEZ! 2 HIEASE SAOZ 19
DB, 39| A2 HEAS 5o g Yor EHoto] 7}
Scope 3 W% BA1) A4 o W APY ARo] A7
483 5 U= N2A4RE AFHLA A}
2. 947 U8 ¥ Wy
2.1, &8 3A
Seope 3 L4712 WEFE ] A 3 A

199 BRGNS WEFS P B
5t o LISl A AAS Ho5t= 740]1'4-(Bertolini

., 2025). GHG Protocolof|A] xq_,] Sh= 7HE| 3LE 3
2 oz 7o

Ao
R
.
-

3o

et a
;Luﬂ Az P o oA w
A= 3 AUAE Aitst] fs) o A=, A,
7ks, Sa9Al ZF A 3 xﬂxﬁ«l & 5ol o= =
dF oz EL AIVIA Hj&S ZTel, HA A

— =
A=

Z]

Table 13} Zo] Fuj RO AAEF H|E
(Activity A), 70 ZH9 AAEH HjSE(Activity B), &
v &4 8l E(Activity C), FHuff A= Q] AJ4r 9 ol |f
Z(Activity D) 5 47HAE FEETHWRI and WBCSD,
2013).

£3] Activity BoJA st Aee] JAEY HiEe
AL AFgSHE A A4kl Wash Auk W ATk
59| Aol that A2, A, BAk 25 AN LA

Table 1. Activities and minimum boundaries for category 3

Activity

Minimum boundary

Upstream emissions of purchased fuels (extraction, production,

and transportation of fuels consumed by the reporting company

For upstream emissions of purchased fuels: All upstream
(cradle-to-gate) emissions of purchased fuels (from raw material

extraction up to the point of, but excluding combustion)

Upstream emissions of purchased electricity (extraction,
production, and transportation of fuels consumed in the
generation of electricity, steam, heating, and cooling consumed

by the reporting company)

For upstream emissions of purchased electricity: All upstream
(cradle-to-gate) emissions of purchased fuels (from raw material
extraction up to the point of, but excluding, combustion by a

power generator)

Transmission and distribution (T&D) losses (generation of
electricity, steam, heating and cooling that is consumed (i.e.,

lost) in a T&D system) - reported by end user

For T&D losses: All upstream (cradle-to-gate) emissions of
energy consumed in a T&D system, including emissions from

combustion

Generation of purchased electricity that is sold to end users
(generation of electricity, steam, heating, and cooling that is

purchased by the reporting company and sold to end users) -

reported by utility company or energy retailer only

For T&D losses: All upstream (cradle-to-gate) emissions of
energy consumed in a T&D system, including emissions from

combustion

Source: WRI and WBCSD (2013)
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= Y2E" HiERE AA A4 wiE AQ)E A sk
A Scope 2 HjE A9 $HjA(T&D, Transmission and
Distribution) &4 Hj|& 9gF 3} ofFof wa} Activity C
o] B3 tjA} o717}t gkt EU (2016)914 A QJsk=
T&D &4 WHA|A AB[R A H7E SFot= &
FollA 71eZl o]f & Qs A5tz oA &4 T
she, 7} 2719] T&D &AE-E Atolsitt.

2.2, 8 WY

Scope 3 2A7IA HiEFE 7|2H 02 4] (1) Zo]
G5AE(AD, Activity Data)o] H|&A<(EF, Emission
Factors)E HFot1l, ZF 24 AFL-2I35FA|5~(GWP, Global
Warming Potentials)E 2-85l= AFY HM'H(WRI and
WBCSD, 2011)S w2, o] Az (IPCC, 2006a)
ol BAE 712 A EaE AR

Scope 3 emissions (1)

= activity data * emission factors

x global warming potentials

Source: WRI and WBCSD (2011)

Scope 3 A B2 GHG protocolo| 4] 7 9]5}
AL Z18F APY W, gk 71RE ARY R,
4Abg W, W 7 AR o R RS
and WBCSD, 2013), 211 7|HL2 Ay EZ o] Hglel=
WS AdstAY 2edsto] AHEE 4= QT

A 718 AP W2 B 7|49 3599 a4
H o] gt 2AVIA wiEFS Fgcto] ks W
Holoh, gatgk 7%F AFY =
F9 gl AEE B 2ATA HiET Aol ot
HiEA 4= dlo]gHo]
e 718t Ay WS ZEAE Z1RE APY B} Bagt
719F AHg e E9dste] AMgShs AoE 3R F
FAPE HolElet =71 54 4 4A B+ TlolHE 2%
sto] viEEE APESth v)§ 7]RE AP WS Bl 7
ol Ftuf AF HEol FF5E H-ETF B A7 HY
SATE A&k HHolt

Table 29} Zo] AL 7|8 4APg HPHE Bl 7]9] 9
Scope 3 HiETO HEdoly B 7|H9] =& fdt 1f
oF SHoA 7Y AFETF =2 AFY dgol el &
Ao g 7} ZuAe] AAL Al Eo] s A HiE

Ml ok

1o
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52 217t old7] WEe] BEEY 7L 2
43 M2 AAYL o= AT BN BIY
A PR BEUT AE §ol4 ZHAAL 7

|59 $77F @Wob F-=20] ofHE B, 7 AlE &

Table 2. Comparison of advantages of Scope 3
emissions calculation methods

Assessment of
Ease of .
Method Accuracy . . reduction
implementation
effects
Supplier-specific
PPETSP 000 0 000
method
Average-data
00 00 (¢}
method
Hybrid method - - -
Spend-based
(0} 000 -
method

2.3. Activity B HAEZ HMH HiZSA

PAEY A HjEA S Z8o et Activity B 4Hg
W2 GHG Protocolo 4] A[QFet HEe} o] 4] (2)&
Bl o Aa, 3FAE 719 A R gEgh 71RE AR
RS E8oto] A9 9 v A"y e Wik ARE-
o7 gt HiEHS ZIsto] AT & qlow, JAE
g A8 vieAeE dAR A3 wiEHE AT e
$5 &8sly, AT vjEAL(Life cycle emission
factor)of] T&D &4o] 23t o] QU= - A7Fsfiof gtk
3 AFTHWRI and WBCSD, 2013). Activity BO|A] &
FAE 716 AP S 7 ZFARS] A 9 o | x| A
Foll ek AHE A= A=, FAl, &5 5l I T4
Sk AP oUA wiEAS7E Dasta, Batgk 71Ek
A e sig Aoy w7t Bt WiEsAsE -85t
of HiEFZ AT & lom, AP Al Zo% AY HiE
Ad= g AZH XY g A PO w2t A9

¥ 5 Uk
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Upstream emissions of purchased electricity ()
sum across suppliers, regions, or countries:
27 (electricity consumed (kWh) x upstream electricity emission factor (kgCOzeq/kWh))
+ (steam consumed (kWh) x upstream steam emission factor (kgCOseq/kWh))
+ (heating consumed (kWh) x upstream heating emission factor (kgCO:eq/kWh))
+ (cooling consumed (kWh) x upstream cooling emission factor (kgCOseq/kWh))

where:
Upstream emission factor = life cycle emission factor - combustion emission factor - T&D losses
Note: T&D losses need to be subtracted only if they are included in the life cycle emission factor. Companies should check the emission

factor to establish whether or not T&D losses have been taken into account.
Source: WRI and WBCSD (2013)

7P S A S S B S A AT B A ABA AT B9 o
2 FRUT. £ AARY HFHAE Sue) L G 5BV LW 4 5100, o33} ol ol A B
U 5o ool Uz W FF AYWE AN FEE A OE A9 AGE BF AP BEASE A2l
WA, 570, ol Bol Belsiol AuAl BHA U AF Aol NG Aol 4E FAFE Fofel AF A4

& A
AE AT 4 QITHUS EPA, 20250 WBG, 2024). 3t%] o] W& AT 4 Sleh & - Scope 29} P2
< o7he] WABIAe} wigh WABiAL F A EY wiE 54 mefoli A} Qlot BT 2]9e) ¥
IR AR ABS AeAolA Tujstel A &% B B ZRo)A vl@r} Aisete] QTS e
g o)A Wofehs TE= WAGHd mix) FRE, & ¥ 5 9ok

A AME A SAE SHoE RSkl Sl THHoE S AY AY 29 Scope 2 HIET At
H, M3 a2 BFolA FERTHKEPCO, 2025). 3 e 1316}%'1% EH =4 ALER Y wiEd2

Activity B APgol A A=) A4 HjETH(Scope 2)> Btk 719 e &8oto] =7 14 A9 wiEAsu
Scope 394 A|Q3jof SFE=, Scope 2 HIEF Aol & A gt AAEY HIEAIS, B 3AY Q= 713
&3 A wiEASE 9 o7t Aok Scope 2 HIE A BHS AG 5= A-85to] AT o vk o, B

= A]X]'7]H]'H]"§(Market-Based Method) E= A 7|8k 7190o] Bt YLE" HiEATE ARE AL T A
' (Location-Based Method)& &85t AT - Atk o] A} Ao s A5 &5 &l Bt A
T E3E 8F QIth(WRI, 2015). AJA7]HE AP HS B E‘r intergreen and Delaney (2006)= GHG Protocol®]| 4]

{)1? :

7|do] gt B4 Mg EAL vtgst o R 35 Bl A EZ(ISO 14064)0] tﬂra} LATIA QHIE
A 9 AlR7|gre] HH Y WiEAE H-8oto] WEH 2] B A, &S Aol ALed UHE 5 AHES
< APgSty. 2 AY st A FuiAK(PPA, T4 840 gt A3 HS 3 of o] g 284

g 840
Power Purchase Agreement)°|t o] 2] 5-3F<15A(REC, 2 7z v} 9ok,
Renewable Energy Certificate) 5-0] Q100 AlR|AYo1 |
2 AAE AEE Jufslr] fRo] dAEY &S 0’ 3 E-_,'- 7241}
o2 Agste] EustAY Fufist whE A & Q.
ol Ao Y AAL B3 LATA & 7)o 3.1. 2N S8 [Y & HiEAT HE
£ mobd 4 91O, Scope 2 HIEHT} AAH HAEH
W&o AT S 4 glonw uy /g Esg 9 AYES 2R Qe Ba VgL HY Wt
B A ST FEA, A GIYE = Aojo] A WiEALE Agsto] 7o) Ao P
27}, A, A9 = ZEF 9o w2 Ay grAgo] B9 WiEae AR 2 9T o)) A gl Aui 7t

solE P EASS ag;}{—f ul o]}, e} Zro] 7P BA 9 oA I 7oA RE Ee FER

oo dE FFARRE Age FPNe pre s RS 5 AT
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(Covenant of Mayors)2] A2 2A7}A vj&A|4>(NEEFE,
National and European Emission Factors for Electricity)S
Table 33} Zo] 20244 A& 7|20 & 1990WHE 2021
W REE Agskn ok A WMEAs 99L )

EU 2 AA 7150197 AREOHGCMCE, Global
Covenant of Mayors for Climate and Energy)®] JRC
(Joint Research Centre) A2 AH|o] 3l %A CoM

Table 3. Emission factors for national electricity for EU member states, Iceland and Norway

(i) Activity-based (IPCC) approach, (ii) Activity-based (IPCC) approach, (iii) Life-cycle (LC) approach,
CO, emissions in tonnes GHG emissions in tonnes GHG emissions in tonnes

Country (CO./MWh) (COseq/MWh) (COseq/MWh)
1990 2010 2021 1990 2010 2021 1990 2010 2021
Austria 0.354 0.332 0.243 0.355 0.334 0.244 0.405 0.381 0.281
Belgium 0.408 0.260 0.169 0.410 0.261 0.170 0.472 0314 0.208
Bulgaria 0.640 0.749 0.505 0.642 0.751 0.508 0.709 0.801 0.540
Croatia 0.235 0.092 0.376 0.235 0.092 0.378 0.289 0.111 0.416
Cyprus 0.944 0.789 0.660 0.947 0.792 0.663 1.154 0.973 0.833
Czechia 1.064 0.786 0.544 1.067 0.788 0.546 1.120 0.837 0.590
Denmark 0.508 0.375 0.103 0.510 0.378 0.105 0.589 0.446 0.138
Estonia 1.336 1.256 0.249 1.343 1.263 0.253 1.850 1.747 0.351
Finland 0.181 0.236 0.057 0.182 0.238 0.059 0.209 0.275 0.073
France 0.142 0.099 0.068 0.142 0.100 0.068 0.161 0.119 0.087
Germany 0.745 0.530 0.382 0.747 0.532 0.383 0.814 0.590 0.438
Greece 1.245 0.833 0.411 1.248 0.836 0.412 1.321 0.903 0.502
Hungary 0.796 0.434 0.220 0.798 0.436 0.222 0.891 0.498 0.266
Ireland 0.906 0.527 0.347 0.908 0.528 0.348 1.042 0.641 0.442
Italy 0.583 0.421 0.284 0.585 0.423 0.285 0.718 0.533 0.383
Latvia 0.043 0.506 0.301 0.043 0.509 0.305 0.055 0.699 0.437
Lithuania 0.242 0.166 0.078 0.242 0.166 0.079 0.305 0.215 0.100
Luxembourg 0.851 0.529 0.285 0.853 0.531 0.287 0.918 0.600 0.334
Malta 1.935 1.022 0.356 1.941 1.026 0.356 2316 1.262 0.470
Netherlands 0.640 0.467 0.329 0.642 0.469 0.331 0.758 0.564 0.406
Poland 1.280 1.035 0.776 1.284 1.038 0.779 1.414 1.156 0.877
Portugal 0.633 0.291 0.179 0.635 0.293 0.181 0.749 0.367 0.248
Romania 0.940 0.561 0.377 0.942 0.562 0.378 1.102 0.601 0.418
Slovakia 0.546 0.359 0.352 0.547 0.361 0.354 0.602 0.398 0.396
Slovenia 0.526 0.312 0.203 0.527 0.313 0.205 0.565 0.355 0.235
Spain 0.522 0.279 0.174 0.523 0.280 0.175 0.594 0.353 0.236
Sweden 0.012 0.055 0.014 0.012 0.056 0.015 0.017 0.068 0.027
EU 27 Average' 0.676 0.493 0.298 0.678 0.495 0.300 0.783 0.585 0.360
Iceland 0.001 0.000 0.000 0.001 0.000 0.000 0.166 0.179 0.153
Norway 0.001 0.038 0.012 0.001 0.038 0.012 0.006 0.051 0.022

United Kingdom 0.808 0.529 - 0.810 0.530 - 0.934 0.640 -

Note: All numerical values are presented according to the decimal places indicated in the original sources; further details are available in the
cited references.

"Calculated by the author

Source: Bastos et al. (2024)
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SRS I TS Scope 3 SAZIA HISR AVY wH X8

2% 7|8t HIYO R IPCC 7tol=eke] 71%e 283t
ozl Ax  IFolA At AF  HiEAS
(tCO/MWh), (i) &% 7]¥F HZHoZ [PCC 7to|=akel
7S A&oto] ovA] Ad IAoA LAgst= A Hl
SAF(tCOeq/MWh), (iii) 2 =71] oY A] FF AR
st &% 7]4t 8j&3} Ecoinvent DB (v3.9.1)9] LCI H]
ol &&3 YLEH FFY HIES EIoto] 4Rt
Y iEA 5 (tCOeqg/MWh)(Bastos et al., 2024)5 A5
st (ili)= T&D SAE°] BFFEXA] gReuz F 4
HS HiEASE S8otua & = 2t =70 T&D &
AASE R H-Eold HohIRC, 2016). i A=
T2 AX=9] A AH[o] gt viEA R o] B
=7} 2t vl n FAJo] golsto] A FA 5L WYL &
Ue ARE FES = 12, Scope 3 JYAEFH
gk i AE wjEAeY] AR 282 AV )l 2 A
5 A WY 59 oE BHog &8st & o
= &Y A& sfFsts =7t G5 A8t wiEAS
o] dE gHT Bart Utk

BIOF AL Category 3 YAEZ M HiEASS SAOZ 23

3.1.2. 0=

)=+ g7 X S % (US EPA, United States Environmental
Protection Agency)< eGRID (Emissions & Generation
Resource Integrated Database)S 53l Table 49} Fig. 13}
o] ZF(States) F+= LA HY(Subregions) F=Z A=
WA W w9t DR 2A7ks A S WEAS 5
& dlolEHo]AE AlFslth THA Adof o3t A
A& ZFA7| JAEY HijE2 ZIA7]1A] sk
o, T&D+ Scope 3 7}E|1LE] 39] Activity C A A
Fugoz HEYT 4 QEE SFYI(US EPA, 2023,
2025b), Table 59} Zo] A& £A, &4 B7}, T4 2%
5ol &&E 5 A=E UH VedE AP A9 viE
A%-& AZSHAHNREL, 2021). cGRIDE: T84 =
oA A AP IHAE NESEH A sjEAS
tolHE A&F 4 Q= Aol A2, Scope 3 PYAE
g A wigAS JEE AHHoRE &8 5 gle g
AE 7HAAL QU

USEPA, eGRID
Crosshatching indicates that an area falls within
overlapping eGRID subregions due to the presence of
multiple electric service providers. Visit Power Profiler to
definitively determine the @GRID subregion associated
with your location and electric service provider.
hitps:/ivwis. 2pa. Qoviegrid/ power-profier/

Map of eGRID Subregions

s

; Alaska
<~ AKMS |

e
AKGD

g Y ¢ -

Hawaii Puerto Rico

Source: US EPA (2023, 2025b)

Fig. 1. US Map of eGRID subregions
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Table 4. EPA eGRID2023 and grid gross loss

- HOIE

- ot -

0|5

) ) Total output emission factors )
eGRID eGRID subregion eGRID subregion (Ib/MWh) Grid gross loss
subregion name description (%)
CO, CH4 N,O
AKGD ASCC Alaska Grid South/Central Alaska 899.0 0.086 0.012 4.1%
AKMS ASCC Miscellaneous Most of Alaska 5194 0.026 0.004 4.1%
AZNM WECC Southwest Southwest US 740.8 0.041 0.006 4.1%
CAMX WECC California Southwest Coast/Most of California 436.7 0.025 0.003 4.1%
ERCT ERCOT All Most of Texas 738.0 0.043 0.006 4.2%
FRCC FRCC All Most of Florida 801.9 0.042 0.005 4.2%
HIMS HICC Miscellaneous Hawaii excluding Oahu 1,122.1 0.146 0.022 4.4%
HIOA HICC Oahu Oahu Island 1,489.4 0.134 0.021 4.4%
MROE MRO East Eastern Wisconsin 1,402.0 0.116 0.017 4.2%
MROW MRO West Upper Midwest 920.0 0.097 0.014 4.2%
NEWE NPCC New England New England 537.2 0.063 0.008 4.2%
NWPP WECC Northwest Northwest US 631.7 0.054 0.008 4.1%
NYCW NPCC NYC/Westchester New York City 974.7 0.025 0.003 4.2%
NYLI NPCC Long Island Long Island, New York 1,180.7 0.140 0.018 4.2%
NYUP NPCC Upstate NY Upstate New York 241.0 0.011 0.001 4.2%
PRMS Puerto Rico Miscellaneous Puerto Rico 1,543.0 0.077 0.012 -
RFCE RFC East Mid Atlantic 594.7 0.036 0.005 4.2%
RFCM RFC Michigan Most of Michigan 962.1 0.082 0.011 4.2%
RFCW RFC West Ohio Valley 911.3 0.071 0.010 4.2%
RMPA WECC Rockies Colorado-Eastern Wyoming 1,036.0 0.090 0.013 4.1%
SPNO SPP North Kansas-Western Missouri 861.9 0.087 0.012 4.2%
SPSO SPP South Texas Panhandle-Oklahoma 891.1 0.055 0.008 4.2%
SRMV SERC Mississippi Valley Lower Mississippi Valley 739.4 0.032 0.004 4.2%
SRMW SERC Midwest Middle Mississippi Valley 1,238.3 0.132 0.019 4.2%
SRSO SERC South Southeast US, Gulf Coast 840.9 0.055 0.008 4.2%
SRTV SERC Tennessee Valley Tennessee Valley 895.7 0.079 0.011 4.2%
SRVC SERC Virginia/Carolina Virginia/Carolinas 590.2 0.045 0.006 4.2%
US Average 771.5 0.057 0.008 4.2%

Note: AK (Alaska), HI (Hawaii), MRO (Midwest Reliability Organization), NPCC (Northeast Power Coordinating Council), PR (Puerto Rico),
RFC (Reliability First Corporation), SERC (SERC Reliability Corporation), TRE (Texas Regional Entity), WECC (Western Electricity

Coordinating Council)
Source: US EPA (2023, 2025b)

Table 5. Life cycle emissions factors for electricity generation technologies in USA

(gC0O,eq/kWh)
Renewable Storage Nonrenewable
Biomass 52
Coal 1,001
Photovoliaic 53 Hydrogen fuel cell 38
Geothermal 37 0il 840
Concentrating Solar Power 28 Lithium-ion battery 33
Hydropower 21 Natural gas 486
Wind 13 Pumped-Storage hydropower 7.4 Nuclear 13
Ocean 8

Source: NREL (2021)

Journal of Climate Change Research 2026,
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3.1.3. Carbon Footprint Tank) A<, (iii) T&DE vIY3H WTIT A$E2 L85}
mag Agsn o, Au, v, 5%, I 4
HEoA TAAOR A|Ts= g golgl7tA] ol
8 4= 9lth(Carbon Footprint Ltd, 2024). 53] (i) WTT

Carbon footprint= 2F 2000]7}} =7}of tst Scope 2 A
g HjEA G (kgCOq/kWh)2}F Scope 3 HE HiEA
(kgCOeq/kWh)E (i) T&D A%, (i) WTT (Well To

Table 6. Emission factors for national grid electricity for EU member states and United Kingdom, United States
and Republic of Korea

Scope 2 Scope 3
Country Electricity generation emissions factor T&D Factor WTT Factor WTT of T&D Factor
(kgCO,eq/kWh) (kgCO,eq/kWh) (kgCO,eq/kWh) (kgCO,eq/kWh)

Austria 0.117334 0.006913 0.028859 0.001700
Belgium 0.125245 0.006368 0.027534 0.001400
Bulgaria 0.453500 0.068909 0.084984 0.012913
Croatia 0.240367 0.029552 0.049160 0.006044
Cyprus 0.642290 0.019959 0.142802 0.004437
Czechia 0.502774 0.037160 0.095831 0.007083
Denmark 0.139598 0.009671 0.046602 0.003228
Estonia 0.530585 0.066833 0.134441 0.016934
Finland 0.095015 0.003431 0.036605 0.001322
France 0.070552 0.006136 0.014944 0.001300
Germany 0.379949 0.017748 0.076499 0.003573
Greece 0.337808 0.010461 0.061592 0.001907
Hungary 0.232519 0.026102 0.046020 0.005166
Ireland 0.314133 0.026285 0.057529 0.004814
Italy 0.314316 0.022247 0.061051 0.004321
Latvia 0.129095 0.010541 0.037440 0.003057
Lithuania 0.164254 0.016255 0.049839 0.004932
Luxembourg 0.087093 0.001682 0.047879 0.000925
Malta 0.451268 0.070860 0.075479 0.011852
Netherlands 0.309015 0.013028 0.061947 0.002612
Poland 0.707940 0.062824 0.130398 0.011572
Portugal 0.166386 0.016938 0.037483 0.003816
Romania 0.278199 0.046349 0.049597 0.008263
Slovakia 0.166383 0.008854 0.036758 0.001956
Slovenia 0.252760 0.017625 0.046741 0.003259
Spain 0.181109 0.019353 0.034295 0.003665
Sweden 0.015183 0.001307 0.010876 0.000936
EU 27 Average’ 0.274247 0.023829 0.058636 0.004925
United Kingdom 0.207050 0.018300 0.045900 0.003970
United States 0.374589 0.019104 0.065469 0.003339
Republic of Korea 0.487551 0.017511 0.087781 0.003153

Note: All numerical values are presented according to the decimal places indicated in the original sources; further details are available in the
cited references.

“Calculated by the author

Source: Carbon Footprint Ltd (2024)

http://www.jccr.re.kr
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Ade AaiE AF, FA, 5 5 FH A7A Y A&
EY AY vjE&A 52 A Scope 3 AFFO] Activity B Al
2% AF ALo] 71531, ZF 29 Grid mixo]| w7}
< Booto] 4kES gloloh ot 7 =7bE 35y
WTT H|o]E|7} S-E06H4] & B, = - EF7F
(UK DEFRA, United Kingdom Department for
Environment, Food & Rural Affairs)of|A] Z&l& o7 df
H3 WIT A4 e =7 2 d=mo d& 28519
(Carbon Footprint Ltd, 2022), ¥H =7} A4ik 34
e I A EE AE 7HA dTh

Table 6-2 2022 =718 Grid mix 7|59 2 Scope 22}
Scope 3 AlGE APYsto] 20240 RS AlpgoE 2
Aol a7} TS vlT3k] 99 EU 277423 v]
9% 5 QR AW Rtk WIT A%t gt
B4, &5 oo 9 dm QA uet 2YEY
(Manouchehrinia et al., 2020), Z} =718 ZZgo] gt &
“go] W9tk EU 2770=F Wk WTIT Al 0.058636
kgCOeq/kWh, 5= 0.045900 kgCOeq/kWh, T|Z 0.065469
kgCOeq/kWho|H, 2= 0.087781 kgCO,eq/kWhZE FQ
AZ=ET #4 YERET Ha et al. (2023)0] BH=H =
o] A AAH o2 BAksh= 13} o | A gAiteo] |
9 A7 59 SHAR 25} Eoul, B3l WY A
A A AR F AgE NG GAED oA
B2 ZAVIAE HiEo| wEt WTT Al$7E il B
<l gct.

A

[

3.2. 3H S8 HH /= HEA+ HE

3.2.1. ZHAIHXIZ|FHIEA)

A A 7] 721 1IEA (International Energy Agency)

. 3

=
—o

=

S - HOIE - Olth2 - OIFH

M= F 1507 =719 Ay JAEH AY wiEAs
37HA| = F-2510] Table 73 o] 22 At U
™, GHG Protocol®] Scope 3 Activity B AFg3} 7|14 9]
I g Hil 5o 8ol s A5 dalstal
QITHIEA, 2024).

(2 9= A2FEH 25, 77 31 d 3=
Tt HiEASE Tl AHAM Y] dm daE QT A
&S Ak, A8 A4t 7le 9 A=l A A
HEFS S 9dE HSol wet 715 Btsto] AHERt A
F2A Scope 3 YAEY M HigA+E 8T + 2
o (i) AR, $2h, vl A= AoiF7]
HE&AsE TddE vFo] wet 7P etste] AbEst
o, Hd=m F7] viE 2 9 AHo|MY] A= Adof w
< A3 wiE2 AdEd. (i) A9 W T&D &43
AdvE HiSATE A THAA A} ALz (),
(ii) BiEA o] 2ol AA FoH, HF 2HAH
gt wiEA AAE2 fdl (), (i) Aol HEgste] 4
o 5 Aok B A AA =71 A7) A AR F S
247k HiEA12F OECD =71 59 FAEAF o
[HE 7I¥to = g 24l LAH7EA wiEAs, dE A
2 Q% HiE EAAIS 5 oAt AeE 19909 RH A
ol O H(IEA, 2025a), ZF =71 2 Bl 7|49 A%t

= TR 8L HohE ATt e AHol
Atk ot & ALE o]&sh] s SoldAE E
£2 2o} Bk IEA Zolils 71AL A8 5 Y
AHE71EE SOl whet thEd, 2025 V1€ A3 dAE
g HiEAS B8 660 ~ 1,950-F-Z(EUR), Ao gt
HHE 660~ 450FZ(EUR), WEAS W7AE Azt
6,2009-2 (EUR)E X 2ok AFR3F 2= QITHIEA, 2025b).

°f

> (ot

o mx H

Fo

o

Table 7. Life cycle upstream emission factors based on IEA

Flow

Definition

The factors are computed using the overall life cycle footprint of the electricity

(i) Total upstream emission factors (in gCO,eq/kWh) | generation technologies/fuels excluding direct emissions from combustion of the fuels

at the generation point weighted by their respective shares in the generation mix.

(i) Fuel-cycle emission factors (in gCO,eq/kWh)

The factors are computed using the life cycle emissions intensity corresponding to
fossil fuels, uranium and biofuels fuel-cycles weighted by the respective shares of all

fuels/technologies in the generation mix.

(iii) Life cycle adjustment factors for transmission and | Include the emission intensities associated with the transmission and distribution losses

distribution losses (in gCO,eq/kWh)

of electricity in the grid developed from a life cycle perspective.

Source: IEA (2024)

Journal of Climate Change Research 2026, Vol. 17, No. 1
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3.2.2. {ZIHE(Ecoinvent)

o ZRAHE (Ecoinvent)= A2 02 g AMEEE A
F4 LCIo| 3t -5 Tlo|EHo] AR, glo]dlA B2
AR -8(Commercial) ¥ W -8-&(Educational)2 1,650
(CHF)®-H, 719 9 th4= o]-8-Z}-&(Enterprise)< 6,000
ZH(CHF)YE, 7NdA-&(Developer) 4,500 (CHF)S
Holu, Sl Qg O8RS AReE A8 & 9
th(Ecoinvent, 2025). €3] o|ZAWEE= Scope 3 EIE
SJ3t Therat 27 GlofE] Pookg AlZsHel, A1 U A A
A BT Shn WBAL B2 84 A 3L £ 5
o, A9 AlE 2 V& 74 59 @Eﬂ BT AEE
Slof ol87k9] Hloje] R2E shadtit] e FgS F
o, o] et Scope 2 & Scope 3 HIEATE |-
4= %17] W&o (GHG Protocol, 2025a), LCA 7|4l A =1
Au| 2o gt AlEstE 2 E7F B-3oll f-efsttt.

20201 99 3HFFOA BHESE TR AVEA & A
A A3} AE 71712021 ~20259) %7} HiEH II3AE
(RbolA ARt F 5 A ARGl WHE HiEAlT=
0.4594 tCO,eq/MWhE(ME, 2020), 2018 1% AH|th
71% =7t A 247 HiEAS0THGIR, 2018). ©] A
e SAFE A A2025-643 "T2ATEA HiEHAHA
o & K1 Y Q1Fof et XA, THE 6. viEE
T AV HiEE 59 AEAY B 9 7100l
Table 82} Zro] PA|Eo] glom, A32; A7)zt wi&d
AHA A 7192 39 E BAAC14~168)S H-&
5o 7HEl & (Scope 2y AHYSIT BT

Table 8. 2018 National electricity emission factors at
consumption

Ot ST Category 3 YAER! T HIEARE SHC= 27

D B, AA BAA ETT A HAL vjEF A=
olg] B 7|gL QX ke mjdE|o] B 7Hs-Alo]
WolA dF AleE AEshes A2 TAZE Aok IFRS
(2023)0f| A HHSE 7| S HAFA(IFRS S2)° A= Scope
2 HiEFE SAT o 7199 A Y7]9H(Location-based)
Scope 2 H|EFo| Het 2E FJHE JAGHES &—TLO}_]_
Uoog oRH et AA HIl Alof ?—-_} 37
I 7Y BaaE Hast g 5 el

27} ot

= T A
2 O
o]
ML_

ru[o
m°"
ne Ho

Table 9. 2021 National electricity emission factors at
generation and consumption

Emission factor at | Emission factor at .
GHG Unit

generation consumption
COxzeq 0.4434 0.4781 tCOeq/MWh
CO, 0.4403 0.4747 tCO,/MWh
CH, 0.0116 0.0125 kgCH4/MWh
N,O 0.0093 0.0100 kgN,O/MWh

Source: GIR (2021)

A3zt wEAAHA AL ZHPE FFE 2024
129 447 REVANA 71 EALL LEAH O, A4
212026 ~ 20304) = F|53H2031 ~ 20351)0] that A
7P AR WOl de el EeE st
(MOEF and ME, 2024). 0|23t 52| 93 GIR (2024)

< =7F&A|(2006 TPCC A7) B WEHE A +FEA
of Aol ¥dE 7152020 ~2022W) 0% 20249 5
)l =7} 2A7FA HE wjEASE Table 103} Zo] F 3
Stlal, 53] AaHd HWiEAsE AdaH], A, &
WH Edg Aelw wHE 52 A8ee] 04541
tCO,eqg/MWhZE AHY5}9icty X 1519 ch

Table 10. 2024 National electricity emission factors

v CO, CH,4 N.O
ear H H
(tCO/MWh) | (kgCH/MWh) | (kgN,O/MWh) at generation and consumption
2014 ~ 2016 Emission Emission
(Three-year 0.4567 0.0036 0.0085 Year GHG | factor at factor at Unit
average) generation | consumption
Source: GIR (2018) COxq | 04172 04541 | tCO2eq/MWh
2020 ~ 2022
CO, 0.4150 0.4517 tCO/MWh
- = - (Three-year
0], 2021 Table 99} Zro] Au|d 7|& AY vj&A average) CHs4 0.0044 0.0048 kgCH/MWh
45 0.4781 tCOeg/MWhZE W H 519 O LH(GIR, 2021) Al N>O 0.0077 0.0084 kgN,O/MWh

33k AGIzbol A8k HE Ao} T ASE AS

Source: GIR (2024)

http://www.jccr.re.kr
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ohat, A AR AA™E =W 7199 Scope 2 HiET
2 Table 8 H|EASTE H23I2E A 32 AE7|7Ho] 2
BolE 7} 1§ 4ule WEAL) TaD £4 B of
78 9T Bt itk o B oz de
T HE 7ol RE &Y ‘%’:*—?Oﬂﬂ
Eﬁn o SHLE(IPCC, 2006b), & B

Ao FHE A Av|E T&D £AISS T3} }: St
Tk WRI (2004)0] A= A A0 A AA4HE & SAF 71+
S yetd dAY wiEA<S(EFG, Emission Factor at
Generation)?} 2|& AH|A7E AA| ARESE A Av["RS
71&0 72 YetH AHd vj&A4$(EFC, Emission Factor
at Consumption)E 22} 4] (3), (H)Z HgH v Ut &
I Co, IS 7I€2& 2447 4] 3-DI A -D=E &
ol 4] (5)(WRI, 2004)2 UERd 5= 91, 0|5 AHth

HEAS 71208 Bt & WD HiEo] T&D &
4e BYY HF 20)Y HAFOR he 0T 4 (6)

o o] =g weh o8 I Avd wiEAse
T&D E4Z WIddte A2 29 &+ Atk

Total CO, emissions from generation

EFG = 3
G electricity generated 3)
= Total CO; emissions from generation (3-1)
= EFG x electricity generated
= EFG x (electricity consumed + T&D losses)
EFC = Total CO, emi.ss.ions from generation @)
electricity consumed
= Total CO; emissions from generation (4-1)
= EFC x electricity consumed
EFC and EFG are related as shown below,
EFC x electricity consumed (5)
= EFG x (electricity consumed + T&D losses)
As a result,
ici + T&D
EFC = EFG x electricity consumed &D losses ©)

electricity consumed

Note: Equation (3-1), (4-1), (6) is not cited from previous literature
but was developed by the author to reflect the assumptions and
analytical framework of this study.

Source: WRI (2004)
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&,

Z7F 18 AHg AY HlEA 4= Scope 3 AFFHY

% 9244 2 2% 9L A=l Yol 7o Al
AAEY Aol Mg AL WAV o, Ay

HiEA S Falste] iiEgS AHgd 5 ok

20213 Grid mixS 7|FO 2 Table 113} Zo] GLAD
(The Global LCA Data Access network)o] 553t A
AT AH|T #jE&A4221 0.53040 kgCOeq/kWhis, B4
79t S EHE(3.53%) HE} A=A H 2D
AR5 EAT] 98.2%E RHYste] =g FIAIT F
Al Al By vl QITHKEITI, 2024b).

Table 11. 2021 Life cycle electricity emission factors
for Republic of Korea

Emission factor | Emission factor .
GHG K . Unit
at generation at consumption

COseq 0.51165 0.53040
Source: KEITI (2024b)

kgCO,eq/kWh

A sig A A 2021d 712)0lA =71 AL
2T A iEA42018 712)E A0elE GAET
A wEAFE T (Fig 29 4 (7) T & o, 2
A8 wiEgAs= T&D &S EZdstal glong Hro)
T&D &4 Hj&F(Activity C)2 B3R grote Hr.

0.53040 kgCO,eq/kWh
(2021 Life cycle electricity emrssron factor at consumption)

Infrastructure
Mining and ,j"_‘fi Generation Transmisswn EIectrlcrty
Transportation Dlstrlbutlon Consumer
Generatlon

Scope 3 0.4594 kgCOzeq/kWh
Upstream Boundary (2018 National electricity emission factor at consumption)

Note: The LCI electricity emission factor includes the impacts of
power plant infrastructure, while the national electricity emission
factor only covers emissions from electricity generation.

Fig. 2. Scope 3 upstream boundary (activity B) based
on national electricity emission factors

Scope 3 Upstream boundary (activity B) @)

calculation method

=0.53040 kgCOzeq/kWh (2021 Life cycle electricity
emission factor at consumption) - 0.4594 kgCO.eq/kWh
(2018 National electricity emission factor at

consumption)
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4. AARY & 0F

2 AF= U A wiEASE B4t =7 &
= W3t Scope 3 AAEF T A viEA S A&
HekE Aljtstalon, sig s HPoR Hi 7Y
2A7HA wiEHe A8/ =7 Scope 3 HIET —E'—74]9]
A FHE A6 A9 wiEA s A viEsd &
08 A AAYE EEaer)
AR, A3 NEBANA AL w2 A4 A2
7170 2004 91 7F W WEASE 48T T
ol wome FAA WiETT B4 WEF 7 ATHL
915} 7| (Default) W WEASS] My Vet 7|2}
WAE jelslop Gk B AToIAE Scope 3 T 2
APRES £ 98] 27 o8 wdstel 2021 71
27} LCT A AZRAA A3 AZ7|700] 28R 2018
4 59 F7F 11 A wiEASE Aot Bk Al
Qhslgony, F A 7 I AW} G FA} Aol
sto] QIMIEZS] ¥ SHA AZE AU ESH
A4z} A 717t B v EA|$2(0.4541 tCOeq/MWh)E
A IS A AEFS BaT 4+ o
Scope 3 YAEY A wj&FL 938 2713 7540l
Qomz A wj&Ad WA A B1 7]1Y9] Scope 3 &
4 $50] 7158 Ao2 e B A4d WS
A A RAYNE SRR S vES g
gote B A% Folnw w7199 ofF ¥
H43i5}7] gig Weke nsor B W WiEe A
AL B 7|99 2A7tA FA] Bt oplet A tleq
= 771 vl &

Hi&o] #E o FRo:
ofxl 4T e S ARY ARt l‘J53_0}\1}(Schafer
et al, 2024). 182 YAZ(Raw data)S QUHIEZ]|o]
AEE Qe AR FEHZ vHEAY A9 o 247
T SA(CIE &°1 [EA, UN 5) 9 A&7t HES 359
ASkaL 1 7% vF-Ske|(IPCC, 2006a), =7F 1139
Scope 3 YAEY MY wjgAs E4& dHT 97}
Art.

=4, FALdE A Ay wiEAs Mg 1xskE
ol SA HiEHY FedE EAIACL Stk S A
%, AuskEe] o%t A7) Ak LTt =& Byt of
Yet 2ol w2 Sk ] Grid mixE ¥Fgsto] Mg
HEASE AEcte 22 FHof Atk FE A7)
2021 7] A Het viEAG= 0.360 tCOeq/MWh
2 EU BgtEoh W A3y A40214 7| EH

m{w

flo 0?~

9ot AL Category 3 YHAEZ XM HIEASE SAOZ 29

0.51165 kgCOreq/kWh)7} =2 Zo&Z ol 9
shgze gvimw, A WEA5E B wmee
(0.022 tCOeq/MWh), A9]H1(0.027 tCOeqg/MWh), WSt
(0.073 COgMWhY= ABAGA 9 tele] w]Zo]
=ob HiEASTE WA yEhd whdE, EHT(0.877
tCOeq/MWh)= Mg e F4do] A F4lolH
FH oz APAUATE FA ARGH ot SWAE
de e go] BA Uehis o= shelsgl)
(EEA, 2025).

EU =719] A8 #i&Als= 1990¢ ] 4 SAE
Ho]1x JoH, o] 2005¥RE == EU-ETSS} H&Eo]
EU A5te] 41Q) ujE Pl Wit 4 B 914 9 sy
AZoA LA AR =] A AIZC= 2010W
BEL dY BRoy AAHOR LAsLA HZo] FAsH
1 J=AoR BT Dechezleprétre et al., 2023;
JRC, 2001). %lﬂ E3F 201595 E =9 K-ETSEB]- o]oj|
0E 715 9 o] A A|gor A BE viEAs
= ke A0, BrlolA BAHO 2 el A
T ASEE gelo] oY wid Eisfof st= FA] Hj
% A REA H82 A7 k. &3] 34 7Y
9] A&7 AAR A 17ﬂx}§0ﬂ = scope 324
7hA HIETF AP Al 883 A9 HiEAe= EPAY
eGRID A Hﬂgﬁ]—,—(The HYUNDAL, 2024), IEAQ] =
ey S 7
g5t om, Xﬂ_l_%] 7192 Ecoinvent 74]—,—(KCC Glass,
2024)F ZEH O R &gty QUZZ 1T o Uk
o2 B9 ESG B4 % BAA A L AT wlg
T} 98 WolE7t BSE RS, FAHOR 583
5 Sl A4 elE2Ae) FA1st A et Al

B2 WEASE o Asstn Yt 7190 BAL el
+ sk
w1 79e] A WjE AEe A1)

S8l choet WA e WEASE HEoR o
Grid mix% Wgt A7 A2 MEASE dejol=stel
Ay wEAS NS BAsiel Ik wHY 2
Agste WEAS BEe AY WEwe AEg B
¥ 4 92 Byt opeh, He W 9% AR AHS
3} #E AFGG 24 o JAHA W + Uk

(Bertolini et al., 2025). =3t djo]g] &89 AT g
B3 S0 7199 Scope 3 YAEY A &
A& Z9E e 5 Q7] o] B 7]ge] wiE

B Ay el 4 9 Ao W
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A, A 78 A = 7199 A9 Fw 3A AA
5 9 qPgato] £Astel AL AT e 22
27 o] BB o) AAHoR s,
A% A0 BB 4 e A4 g8t 7ue vl
SfloF gttt EU H&J7]9 9] FA] o3} A[7]7F 2029 ©
= 9Agel =t ge9ese s SA A AVIE
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