Journal of Environmental Science International
34(2); 107~123; February 2025

") Check for updates

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JESL.2025.34.2.107

REVIEW
WA 7199 A&7t @474 Y A8AA, SKstolY & A a+

t—'|"'f'_"-_‘_’-|1’3) . %l._JI\_ 51 . _HA°-|_—I|_1,3) . 5%3}1,3) . O|7s||%_12'3'4) . %_g_;%n,s)*
=1
B

(=)
Vst SRS, Pt A gdist, IRAESGRE S, Y tist ESG A+

Sustainable Environmental Management for Semiconductor Companies:
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Abstract

Increasing global regulations on sustainability and environmental issues pose a significant challenge to corporate
sustainability efforts. Therefore, it is imperative for corporations to introduce management strategies to address these
challenges. This research analyzed how two multinational semiconductor companies, Samsung Electronics and SK hynix,
managed sustainable environmental practices, in key areas including resource management, energy management, water
resource management, biodiversity conservation, and waste management. These companies have been actively involved
in greenhouse gas reduction strategies, water resource management, board activities in response to climate change.
However, the recent growth in semiconductor production has significantly increased greenhouse gas emissions and water
usage. To promote proactive environmental management strategies, it is recommend that semiconductor producers
practice the following: 1. disclose long-term performance evaluations for environmental management; 2. scope 3
greenhouse gas management across the value chain: 3. monitor non-regulated emerging contaminants in air and water:
4. establish biodiversity strategies that address ecosystem degradation and media-specific pollution, including water, air,
and soil impacts across the value chain and supply chain, supported by structured disclosure procedures; 5. organize
environmental strategies aligning with global regulatory trends: and 6. actively participate in international sustainability
initiatives and obtaining relevant certifications, incorporating mid- to long-term emission reduction targets.
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A2 g EWE] &= 201795 20219714 wid
oF 28148 F&3] F7FoF(Senadheera et al.,
2022), ©1¢t 3 229 71952 A AAE S8
2 e ESG AgE Hsk Asfsta ok
BESGE 7|6to = 3t 2471574 92 BRI A AFdollA
g 125t ESG Ae] 4
Aol thFH 1! 3tK(Senadheera et al., 2021, 2022;
Liu et al., 2024; Marrucci et al., 2024).

HHE A AF-2 - 2uhet AA| =29] vid 20% o1
= 2HA|ohH, g AA A FFA 4TS skl itk
20230l 20.7%= F 59 Ato] 7P W2 HIS-E
71&3t o, FeA| Aol BH42)= £ 2509
2,3005 2|2 oAs] eyt A Fo42] 52}
o A 75t JEHKIEP, 2024). Ht=A] 7]<&9]
Ix3stEef met AntEE 1F 2], dldgolH, 7]
2bE2F, HiE g 5 28 "7 = glem, ofe
et B A 382 oS Bsta JusiA A7), &
7 7k, A2 5 A AH|Ee] B F7skAL ik

gt oy g} BHeA| 4F o] sfetEd AFgE, 247t
2 HiERF, & AR S7He @ Wit A8 H
A1Z1aL 9IthKuo et al., 2022; Ruberti, 2023). -l
st 24 Abg o= ST B 9]l Srhed #at
ofzl A F9] At AN A th9] FFT= AX=
TZ olof g HAF o3 w9 EotA etk
(Lim et al., 2022). St=A] gAtabgo)Ae] 247 A
&g ozl AHEE A H7HLife cycle
assessment, LCA) 7|§to. 2 BAgt A3} 2| 218}
of kS n|A= Ao] FRAF UK Liu et al., 2010).
20179 oiH] 202149 229 ¥hEA] 7]9) <] oy 2] A
B2 48.6%, S5AHEFS 50.6%, A7 viE
2 32.7% 57 oFAtHWang et al., 2023a). =3 HHE
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polyfluoroalkyl substances, PFAS)< X
T4 LET EFe S oI 4 AUtk (Post et al.,
2017; Cordner et al., 2019; Bolan et al., 2021;
Heidari et al., 2021). ]9l v]= HE53-2 PFAS
£ 54 550 Friste] BUE Y 3} PFAS &
T A=Fs} 59 qAE ZA3ketal QITHEPA, 2024). ©|
¢t oj2] Fa o]-F2 FH=A| A4 ESG H G <]
T2 o Aol

olo] thgh A=A A2 H]=9] Intel2 221
&% Aytol A 2030712 A4 7] A& 100%

AT

=

o olAe - 584

Jo

S 245t 204097HA] Scope 1, 29 2A7tA
(Greenhouse gas, GHG) &= Wl&%&& 022 £°]3]
ot AdAstth(Intel, 2024). 9t Taiwan
Semiconductor Manufacturing Co. Ltd. (TSMC)+=
203097k4] 20109 thH] & AH[HE 30% A0,
FAEL] 60%E Aol-g4= AMgohe A2he A
I QITHTSMC, 2022). oA 9 HH=A]
1 AR} SKeto| Y A7 2ATA HES 9
E, 7k Az, Al 2] g 5 oheret A
A5k ITHSAMSUNG 2023; SK hynix, 2023).

T2t o] 23t BSG A QD A g ¥ H84,
93 TR Y] 99 o RE AWH o7 HYrich=
A2 1j$ F8stHDorfleitner and Utz, 2023; Xia
et al, 2023). 5¢ A7|TAFANew Climate
Institute, NCD} SHDA SFAAZZA(Carbon
Market Watch, CMW)= A3 2F 5 2471 224 7]
A& Folot, ©AFE BEE Do) AT M2
Ad7Fs/do] Tt A A5 (Day et al., 2023).

7149] &73 zd=kol| gt o2 gt AeA P Wt
St Al t-3shetl 9ol S8t aaolrt E3],
9 A&7FsAR I 7|F(European sustainability
reporting standards, ESRS) ¥ Pl SEAH LS
(United States Securities and Exchange
Commission, SEC)2] 7|%¥& FA17F 2] 2 =9
E)31 QITHSEC, 2022; EU, 2023; IFRS, 2023). 1]=-
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2] AR F|ASteitt, o] H e 22 fE o] gy}
22 FAA B8 2o 7IASIHESIA, 2021). =
ol A= M) A1 9] ESG FAI9} A4 753 87
A9 A o] oefet o R A4 E 9k vt
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S tslr] gt ESG AY &5 EA%E dFofA, E4& 1133 ESG M2 o] W g o] xSt
Intel, A4497#, sSKstelY A 5 7199 FAA A& kA 2 Ao A g Hate} sSKatoH A0 ]
A2 Kwun, 2017). =3F ESG Agdzk 4 &7Fs A YR IAE Bl =] SHeA| 71 243 A
B A2l dAE 53] 7192 ESG Z& 242 AT 249 2 g85-0 BT 24 A4S 55 FF A
T2 Q1 9rehe 1sH Avt2 ESG 37 71 A £7H5S S QI AR AAEY A S =
71241 Aot A HS HEEH 5] 9] 41e) < Zstazt itk

Table 1. GRI environmental performance indicators: materials, energy, water, emissions, and waste (GRI standards, 2024)

GRI standard Disclosure Contents
301-1 Materials used by weight or volume
GRI 30L: 301-2 Recycled input materials used
materials 2016 ¥ P
301-3 Reclaimed products and their packaging materials
302-1 Energy consumption within the organization
302-2 Energy consumption outside of the organization
GRI 302: 302-3 Energy intensit
energy 2016 8y ¥
302-4 Reduction of energy consumption
302-5 Reductions in energy requirements of products and services
303-1 Interactions with water as a shared resource
GRI 303: 303-2 Management of water discharge-related impacts
water and 303-3 Water withdrawal
effluents 2018 303-4 Water discharge
303-5 Water consumption
304-1 Operational sites owned, leased, managed in, or adjacent to, protected areas and areas of high
biodiversity value outside protected areas
GRI 304: 304-2 Significant impacts of activities, products and services on biodiversity

biodiversity 2016 304-3

Habitats protected or restored

TUCN red list species and national conservation list species with habitats in areas affected by

304-4 .
operations

305-1 Direct (scope 1) GHG emissions
305-2 Energy indirect (scope 2) GHG emissions
305-3 Other indirect (scope 3) GHG emissions

GRI 305: 305-4 GHG emissions intensity

emissions 2016

305-5 Reduction of GHG emissions
305-6 Emissions of ozone-depleting substances (ODS)
305-7 Nitrogen oxides (NOy), sulfur oxides (SOy), and other significant air emissions
306-1 Waste generation and significant waste-related impacts
306-2 Management of significant waste-related impacts

GRI 306: 306-3 Waste generated

waste 2020 aste genera

306-4 Waste diverted from disposal
306-5 Waste directed to disposal

* This information was directly extracted from the GRI standards
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2.2 A7 B9

2&7s4QEIA Yolle 7199 FAdgdso=
Ak 2, ARR], A A Soll s A&star Stk
2 Aol e AL7FsEFE LA W RE=A] 71t
oA B ol+E HESH] 919l BSG 34 #24
22 HTOJYME|E(Global reporting initiative,
GRD FH4d 37t daE &-8sto] vreA] 7199
ArAQl 2H M=k BAE 4945tz ofirt. HA
GRI 2 S/ B71 215 &4 ot 24 Ao 23
H 2 A ARE AET 21 S83 87
olfrEA 2 T, oA B, 2 B, =T
S e, HrlE Bert FEH, olF VIElR Y
JO| A&7 R o vrERdt 7 e A d &
T2 ATHoR EA5FT of& ] v A 7] Ho] 1t
7tof & Ako] tjsf A|A|stat shaict.

3.1. GRI2} ECHH =™t

GRIE 2249 BESG 34 BE(Io|EER) e 2A
A AA B2 714, B9 =W 71959 A A&7
7Y H Ao A GRI FA] FE5-& L83t E, S, G A
RS FAISHL St WA o2 FA|Eofof & W8-S
AASHE GRI+ 35253 1008, FAE 25 5
AR A3t 21 & 20080, S84 A3t 2% 3009
o, AFs2 A3t A E 40092 RS §44 A
3} 212 300 GRI &5 5 & A7 HHd A
=, olvx], 244, BEThdd, 247, H7E &
2] Azt Y% GRI &5 Table 13 2t

7192 A&7bs A Y BIAE 2] A okt

olsjTAAE Fl 7

37t AAGH U4 B7HE S5 7192 7193
ol EAALNA FLT o]fro] SAE=HE IHTE
Fo Bzt 719A1&7Hs 4 E A (Corporate
sustainability reporting directive, CSRD) ©]3= ¢
s ZE ESRS EIAA o]F Fd(Double
materiality)& B7lotl A AL 273kl it
ol 32 9 T4 (Impact materiality)Zt A
T S (Financial materiality)e] & 22 744
THEFRAG, 2022; Hwang, 2023). ©l+= 7190l A4
753 olarell vl ikt A&7 ol 714
of H|xl= JFE BF 1Este] Ff o]+ H7lst
1, o] HIg o =R 7|go] ZRE AAstal o]

A %S UL 4 A Ak,
24 gl 7 7199 AP AGRIA U 3
X W7} Aok GRI BA AE 8§ oIR8 o

%2 FEEO] Aodth AR FE] F¢ SKotelH
2= GRI 9 S48 B7te] ofid W&

Sl Q)2 erotct. gk AYETHFA
g A FHE Z-goto] FAIskL 1A ¢Sk
d Bt e AT A AETFES ARt
oz Fol A FEo R thR ek A8 d7Ee]
< S Bl et BEE A &5
shotal Q2] ottt & 7199] 2 &5 GRI
4 7} A3k= Table 29 2o, dld A= 7
£7Fs7 QR W S/ BT datolA SiA
(Key topics) 2.2 tHg FAE 71522 17|53
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O
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3.2. SKsto|HA 7| &AM
3.2.1. 2ATA 22|

SKstold A= WA 374 6t 2A7EA<1 o4k}
g2 (Carbon dioxide, COy), MIHI(Methane, CHy),
oMis A (Nitrous oxide, N;0), FASHEsHgA
(Hydrofluorocarbon, HFCs), S&3%HKSulfur
Hexafluoride, SFe), =2t 4(Perfluorocarbons,
PFCs)e} 4= A (Nitrogen trifluoride, NF3) 5
A 2143512 9(Global warming potential, GWP)7F
E2 348 7AE dAsH ] Q1o ohdRt olsiEAI Rkt
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Table 2. GRI and materiality assessment commitments of domestic semiconductor companies
SK hynix Samsung Electronics
Topi Year 97019 2020 2021 2022 2019 2020 2021 2022
opic
Materials O - - - w] w] w] m]
Energy m] m] w] w] w] w] w] m]
Water O O w* w* O m O O
Biodiversity O - | | O O ] O
GHG emission m] m] w] w] w] w] w] m]
Waste m] w] w] w] O w] w] m]

* Water and biodiversity are addressed under the natural capital category, which is identified as a key issue
0O : GRI (301 Materials, 302 Energy, 303 Water, 304 Biodiversity, 305 GHG emission, 306 Waste)

M : Key issue in materiality assessment

FHEslal Qlct. o] & Fofl vt A| 39 L] A1z 2 Ay
A7 DANA AHEEE ARSI A(PFCs)E Eh 2F
AR o] A2 HEIFHANR)ZE HdIstitt
St 54 AFRE= 7TAE A6 E4stal X4
3}sto] PPCs®t NF; AHERFS Aottt w4 Al
Z 14 F GWP7t =2 245 AH8ste 58S A
stal, sl DA A T sh= Fall7 A E Al ASH | $
5l 23 H(Scrubber)E AxJote] 2AHANNAE F0|
Aot B3t 34 F 7t 5 HEt ot AT
g 2Aske 71&eS S K-8t Qlet. olet 7
Loz 2022 = AMYFe] AaH A8 &
2 A thH] 4% Aot FHEA] 7HX AR Rk
A 2ATEA IES SX1617] 5l sHeA| 713 A
Al4(Semiconductor Climate Consortium, SCC)°]l
e W2 7Heste] fEstal k.

=2 o rlo my R

3.2.2. ofHz| &2

2020¢ = %2 RE100 (Renewable Energy
100%) 7t4S B3l 20509714 A2 A&l 100%
£ Aol A= Aekstz} st @A7E2] ofj 2] A
9] 100% g =] Me-E ehaotqiet. gy
A4 W AFeA] B AR ERE Yot
20229 A A9 A= AMERFY] 29.6%F Aol
2|2 2ot A TR EL T A] 724
a2 flal olZd2tol A2 (Eco Alliance)E &9}
13 7193} FA Aol v 2] AHE-E B Aokl
of, A4t ] ti7] Al Al 12 238 7] 2E

(Idle mode)E Q5o 3,507 MWhe] H2S &o]
1 P74 HE 34 AARS T SHE 71A4A,
APRALO] 2 B ZASH=T] -85t 7,859 MWh A
28 A5kt

3.2.3. £AMY e

HE= A Al 2ol B et tigr S ] A=k Al
s, 20228°= B&H &4 AHS Sl At
o] AR 20 4R Ha Hof(T e A =/
] Gb eq)E 14% #=stHt. #H4= Aolg Ade 7

Eoto] QA 9] 7|Fol B¢l +E =2 AP Aol
BT AREE YA o o= FE 7| H HA A
Aol A AFgstar glok. W& Aol g4 hff 2t ofu 2}
A AtE] 2] FES Foll A5 35 ofs A &
2 o Rof| A A4HE Aol §4E FFol ARt 9l
o}, o] Sl =yl 2 o] AFEolA] oF 4,788 &
o] 84E Afolgatdet. B 548 W (Process
cooling water, PCW) Ao]& & ¥ 12} A33H
R HAS T fF 40 5Y &5 Tl &5 A
SFS Aelelt. o9 HRaEs A7 E
H A1 A2z @771 wet st o 71E
= TEANA wiEstr 1, AAAEATFA(World
Resources Institute, WR)S] & 918 A& =o
2 ZF A Aol 1R A9 9] & AE
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ol it dHole &4 9 245 93 A 9ARE =
SRk of 2] o|sjtAItet FEo s, HA 3], AYH
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3.2.5. 7|2 2|
AHE-E, AFE-8 g8 E H|7HE SSD 5= 7155t
A A e A= AulES AgEstal it =
gt AlE wHE ARls @3 o= B)4H SSD F AR
7Hser A4 AlEelA WE(NAND) M2 22 A
43517t USB, IoT AlAM 2 A Z351 et o] Qo
WA Al 30l A AR R Y] A4 A
271 Qo Az 4= /NSt HIAEste] #|%h4ke]
TAFS 13% Aokt G5 =] AFd7dellA 7]
E e A Z2(Zero waste to landfill, ZWTL) 1 5
= EHEE A5 FIScIA ol AFdAte A T
Aot 23S HlE0] 100%Y o SHEES Fof
shH, 7199 g =3t "J71E A A EAYH 2t
Aol 2F dEE 7oz A4 7|8 A8

9 w2 Frietet

3.2.6 2 e Y2 32Y

SKoto| YA =R A Ao Dot FE2 Y QL
Al 2E5H7] 98l 3TG (Tantalum, Tin, Tungsten,
Gold)9l AAFE <F =Z=ZAM~A(Responsible
minerals assurance process, RMAP) 9152 255t
Aol 4] At FETHE ARSI, A2 22 9
Aot A Q= FE A EF A S AE D HY
AL AR S 22 TS Algekal it o =Rt it

e 59 FFY RS A714 08 setshn @ &

A A5t 3TG Q1S AL S BAGE AHS
AL 5 FAISHL QlTt,

SKstolY~E= Zy 2 x=2 RE100S Ad5t3C
o, RMI®t UNGCO &= g7 hofstal Qlrt. SKatolH
20] 9 FAlel A9l 9l FE AN 5 AFS
A Aot 2AHE H Pk TS A AR} o] Yzt
A FE H AFA £ ATt RMAP 915 3%
BUEE5HY, 3TG AHS A=Al 420l tigt JHE Al
okl qlet.

3.3. AL 7| 2

3.3.1. 247 Ae|

A2 2050 BA2FH 24
[e]
=

20309, DSF2 20509 g
& A5 glek. 71503t 5 B BAE A
o AF e AR kel A A FGe] A4
Qo8 A&7PsAYNUL, A4 H5HIBl, &
A7 TF 5& T4ste] £9okm Ik, 71548t of
32 9ol A7ks BAAE TEte] I A
oA WSt 2kaE BUEsR ) FHs
o} PR €229 AR AT Br W 9F
2 Fste] YA Sustn et 714 el
w2t oheh oRe olsfuARtske] Welg %

stalal ofAlobdFol x| At(Asia Clean Energy
Coalition, ACEC)®ll oFFE, ofE, 4= 53t oA %
HHH 2 ZE5ka 9low, SCC A o]z} o]AF]
o g AAEo] QAVMA TS R Y 2EY 57
BZ3} Qo) HFH o7 Fofota Qlvt. E3 7HE
EZAE(Carbon Trust) % 25 71719 A&
A geta oA (Decarbonizing the Use phase of
Connected Devices, DUCD) ©|HAE] B0 Zofste
Eotal Qlot. 7HE ESAEE G AR oo 41
HH g 208 A= Q1F 52 HES
&, A AR 5719 51 S 3
= HA3E 9o 712 EHAE 35S AlFokal Ut
o] Hro e 2A7A &S Qo gAY ATAE
Agstal 7] NE 9 34 SACIA Y] A5 48 5
o] viots Aldist ik, RI=A| 3A7EA &S 95
DSHEE2 A Hx=2 FA7IA g8 S8A 2 Al
= Estgion, ol AN FA7IA TEA
7t 7Vl AE AFEE EYUoEA B A2 Y =247t

Ho o
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3.3.2. 07| 22|

AYrrg o= Qe WAshs BailEdS Fol7|
s 22 o]y A E| 23] RE1000] 7F) ko] Ayl
2] AH-S Sdiota §lon DXFEO] ¢ o5 3
Q] AAA2 Ao 2] HehS kst 20279
7] BE LAl A Ao 2] AgE ¢St
1 205097k RE100S @4dstat gtct. o] & S8
g 9 F2 I A S AR sHAY Aol v A
ASA T+, oAt A4, AHPANA] AFA]
U, COMAME S 58t eAarEd U5 52 Sl A
Aoz Agg-g =olal k. Aol A AHE-S
Sfjo A AL HiETFS EY 4 V] WE
of, LA7IA ] Ao g A Hd 34 D Aol &S
539t LNG AR A3, ACEC 299930l st
of ofxJo} =7ke] Ao FF SA43E Aol

2fsha glct.

3.3.3. At 2

AZ3Hel §4 Aol §8L o)) 9l A
204 W%, B85, 2as §ROE BRoe] 7
AL P2 AEFE AETT ALE 9
so] AAZ S Aol §-5-L Telsha ik, w3t
YRTE FHOE ARG SARE BT BUHYs
5 B4 A A 712 R 9A A L A
of WRe] G Hoks| 27 W Pelshu ik, B
o ohet chE el AAE Pkl 347t Solo
A

A2l E|o] HRE= 3712 GAlo 4
Axstglom HAAtes fAed 48 S5ty
U FEE 20T A v 35Sttt

gF Ae] =24 Fa4 Astal
FE Hagtotuz A4Q1F 95 4 HHES

t ok, A=A 5 (Alliance for Water

L of
H

[¢)

Stewardship, AWS)S 2R E 2155 “ZHElE
A5 9 SHIAAR S A 7HE ERAES ‘E ALS
7 A7 o A AF5-S FHSSHAH AWSE A AlA
719, NGO 52.= o]Folxl 21 =4 oYM EE
2A A&7 2 AMSE flol 2 914, & A
2 QA & e 5o o]Foxl Jlo|EgelS
AgotH o] & A F7t 2 N AZE aHE 4 3
th 2 2lam JrkE Yo s e a1+
(Food and Agriculture Organization, FAO)°] &+
7S &8o & 2EYA D E g2 Q& 0t
okotal, AFGA QI §99] & AEH A 10E T4
23 E tetstr] Qe AlAIAE7FsE 7 1A ]
3](World Business Council For Sustainable
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3.4.1. 2E7tA U ALY A 0| Cigt S 7

A7 7S Q15 WA A4t 3 2 A3 84 A
o|-§ A A"l 15 & FXok ot F A&7
71219 8](International Sustainability Standards
Board, ISSB) 7|8 A oA = 247 A viE=F A
A E30] g A x RYEHS 93 ARE FAISH

T2 Alorskal QITHIFRS, 2023). T 719-S & A
off it o] IR E Wrlsty FA7|H oz i =F

o] a5ttt o]HE FAIE Foll thFst oI HAIAE
3 AFYA o] Aol 7R AL ol EAAES 1
3t ESG A Y0l 7Issld ez 7Itdth(Lee and
Rhee, 2020).

3.4.2. 712|Aks HEO| Scope 3 22|
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A7 i EF7AA] Z3Fete] Scope 3 HiIEFS AHY
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HofE AFo R At 2AVA viEFS A QlotH
T 719 B5F RHeA] A 25 Q19 Ao AlE E AEA
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G341 7t E a5t (Nagapurkar et al., 2023).
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(A) SK hynix

1%

= Purchased Goods and Services

= Fucl- and energy-related activitics

= Upstream transportation and distribution

= Downstream transportation and distribution
= Discard of sold products

= Business trips of employzes

Commuting of employees

* Use of sold products

= Discard of sold products

= Fuel- and energy-related activities
= Waste generation and treatment

= Commuting of employees

= Lcased assets

A4, sKstelH 2 A A 115

(B) Samsung Electronics

1% _ 1% ~3%

\

1%

= Purchased Goods and Services

= Capital goods

= Upsiream transportation and distribution
= Business trips of employees

= Rented assets

= Downstream transportation and distribution = Processing of sold products

= [nvestment

Fig. 1. Energy usage ratios by Scope 3 categories in 2020 (A) SK hynix (B) Samsung Electronics ('Scope 1' represents direct
emissions from company-owned and controlled resources. 'Scope 2' accounts for indirect emissions from the
generation of purchased energy. 'Scope 3' encompasses all other indirect emissions that occur in the company's value
chain, including extraction and production of purchased materials, and end-of-life treatment of sold products)

(SAMSUNG, 2023; SK hynix, 2023)
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49 FLE AXTte 2 RUEFS, F 7Y =7}
oA ATt FHedEd U 7t e A=A g 7=
AHh o @2 Frg wjEsty] Qs kst Qlok
Gt A| AL A] o AR El= PFASE Pl= S5 ES
A2 =424 55 Frske 5 #AIE AEsta 8l
ow wl= e wet v 22 71Y9E B A
ZEoh= Zk=e] Aol wA AAs] tf-gsta qlek 1
Ut Bt A=2Q1 we|7t 22 Aol A A
Abof| 2ol= EHEA-2 P oF 2007071 2olA|gt
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Fig. 2. Initiatives and certifications for environmental strategies implemented by SK hynix and Samsung Electronics
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Appendices

£ 1. SK hynix solutions’ approach to sustainable environmental management related to climate change and water risk

Original contents Page

1 As part of these endeavors, in November 2022, SK hynix became a founding member of the Semiconductor p7
Climate Consortium (SCC), established by the Semiconductor Equipment and Materials International
(SEMI)

2 SK hynix has been refining its decision-making process and operates a carbon management committee ~ p44
under the ESG management committee.

3 To facilitate the preview and review of climate change-related matters presented to the ESG management  p44
committee, SK hynix operates the climate change roundtable, consisting of key executives.

4 SK hynix proudly became a founding member of SCC, initiated by SEMI. We set both short- and long-term  p45
targets for greenhouse gas reduction, aiming to achieve net-zero emissions by 2050.

5 SK hynix has made a commitment to achieve 100% renewable electricity consumption by 2050 by  p46
joining RE100 in 2020.

6 SK hynix sourced 29.6% of its global electricity use via renewable electricity, marking a significant  p46
increase compared to the 4% range in 2021. Notably, our overseas sites (San Jose in the United States, and
Wuxi and Chongqing in China) have already completed a full transition to 100% renewable electricity for
their power consumption in 2022.

7 SK hynix operates an energy conservation taskforce (TF), led by the head of facility & infrastructure, to ~ p47
ensure efficient energy use and management. As a result, a total of 290 energy-saving measures were
implemented, resulting in a reduction of 207 GWh of energy consumption. This accomplishment surpasses
the conservation target established at the outset of the year by an impressive 134%.

8 SK hynix achieved a power reduction of 3,507 MWh through operation of point of use scrubbers in idle ~ p47
mode for energy savings and 7,859 MWh through waste heat recovery system optimization and cooling ~ p48
water temperature adjustment in 2022.

9 SK hynix has successfully reduced water intensity by implementing efficient water usage practices. In  p50
2022, we surpassed our target of 12% reduction by achieving a 14% reduction compared to 2020.

10 In 2022, SK hynix in Korea reused approximately 36.08 million tons of water, while overseas facilities ~ p50
reused 11.8 million tons.

11 SK hynix’s production facilities in Korea have set specific goals to meet the “good water” standards in ~ p50
accordance with the river’s living environment criteria under article 2 of the enforcement decree of the
framework act on environmental policy.

12 To safeguard the ecological environment of rivers that receive discharged water, SK hynix’s production ~ p50
facilities in Korea have set specific goals to meet the “Good Water” standards in accordance with the river's
living environment Achievements criteria under Article 2 of the Enforcement Decree of the Framework Act
on Environmental Policy.

13 SK hynix identifies the water stress levels in the regions where each of our production facilities is located ~ p51
using the water risk atlas provided by the World Resources Institute (WRI).

14 In 2022, efforts such as expanding the reuse of Process Cooling Water (PCW) from air conditioning units ~ p51
and implementing changes to Point of Use (POU) scrubber models to reduce flow resulted in a water
usage reduction of approximately 1.26 million tons our facilities in Korea.

15  The wastewater reuse facility at the Icheon campus has a treatment capacity of approximately 94,400  p52
tons per day and reused approximately 18.06 million tons of wastewater in 2022.

16 SK hynix plans to continue expanding its water reuse efforts by collaborating with the local community ~ p52
to secure a stable supply of treated wastewater.
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SK hynix signed a memorandum of understanding (MOU) on “Al for Biodiversity” with Microsoft, This
long-term project, spanning over six years, aims to contribute to biodiversity conservation by conducting
extensive observations of ecological changes before and after the establishment of fabs and collecting
objective ecosystem data.

An optimization plan was developed and implemented, resulting in an approximately 13% reduction in waste
sulfuric acid generation at the Icheon Campus in 2021. Furthermore, at the Wuxi plant in China,
approximately 17% of waste sulfuric acid generated from the production process in 2022 was reused as a
chemical in the in-house wastewater treatment facility, reducing sulfuric acid usage.

After SK hynix initially obtained ZWTL certification for our Korean facilities in 2018 and completed
certification for overseas facilities (Wuxi, Chongqing) in 2019. In 2022, it achieved the highest level of
ZWTL certification, Platinum.

In many cases, the SSD products collected through RMA are not inherently faulty but are returned due to
malfunctions in associated devices or other components, making them mostly reusable. SK hynix separate
usable NAND chips from RMA SSDs to manufacture USBs and IoT sensors, while recycling the remaining
parts and defective NAND chips to reduce waste and increase equipment recycling.

SK hynix have established a collaborative network that enables various stakeholders, including material and
equipment suppliers, to participate in the development of alternative gases. Our goal is to replace high global
warming potential (GWP) process gases, including carbon dioxide (CO,), methane (CHy), nitrous oxide
(N20), hydrofluorocarbons (HFCs), sulfur hexafluoride (SFg), perfluorocarbons (PFCs), and nitrogen
trifluoride (NF3), which are the six greenhouse gases emitted from semiconductor processes.

SK hynix have completed the optimization of 13 processes that involve the use of nitrogen trifluoride (NFs)
for cleaning, utilizing time-of-flight mass spectrometry (ToF-MS) for process gas analysis. This
optimization has resulted in a reduction of 25 tons of NF; usage, leading to a decrease of 12,029 tCO,eq of
annual greenhouse gas emissions.

SK hynix is focusing on the treatment of high GWP substances. We classify each process that utilizes these
substances and install appropriate scrubbers to reduce greenhouse gas emissions. In addition, we implement
diagnostic technologies.

To monitor the condition of components that directly impact process gas treatment efficiency. We also
expand the application of variable power technologies that adjust scrubber output based on gas flow during
process operation.

These efforts have resulted in SK hynix achieving a scrubber efficiency of 94% for facilities in Korea in
2022, 4% points increased compared to 2021.

SK hynix operates the ECO Alliance, a coalition focused on proactively addressing environmental issues and
enhancing environmental competitiveness among semiconductor companies in Korea.

SK hynix responsibly procures minerals necessary for semiconductor production, using minerals produced
by smelters and refiners certified under the responsible minerals assurance process (RMAP) for 3TG
minerals, namely tantalum, tin, tungsten, and gold.

We also regularly monitor information on our minerals supply chain and utilize our minerals management

system and provide consulting and educational programs to improve suppliers’ awareness and pledge
compliance regarding responsible minerals.
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% This information was directly extracted from the SK hynix sustainability report(2023)
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HE 2. Samsung Electronics solutions” approach to sustainable environmental management related to climate change and water
risk
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1 We plan to achieve net zero in Scopes 1 and 2 by 2050. Net zero will be achieved first by the DX division by 2030, p15
followed by the company level including the DS division by 2050 or sooner.

2 Wejoined the RE100 initiative to reduce our Scope 2 emissions (indirect carbon emissions from power consumption) p15
and achieve the transition to renewable energy for our electricity use by 2050.

3 We joined the Asia Clean Energy Coalition (ACEC) as a founding member during the 27th Conference of the Parties p15
(COP27) of the UN Framework on Climate Change (UNFCCC). We are participating as a member of the steering
committee as well as country-working groups to facilitate the supply of renewable energy in the region.

4 We joined the Semiconductor Climate Consortium (SCC) as a founding member in November 2022 and have been  p15
appointed as a governing council member in January 2023.

5 We consider environmental issues including climate change as factors that directly influence our business operations p18
and financial performance.

6 The CEO establishes environmental management plans and reviews implementation progress through a corporate  p18
consultative body comprising the top executives of relevant units such as the sustainability committee, sustainability
councill, and environmental management taskforce.

7 We continuously monitor GHG emissions generated from our global business sites. Each site is required to enter GHG ~ p20
emissions data (e.g., power, fuel, semiconductor process gases) into the EHS system.

8  We identify the financial and strategic impacts of climate change-related risks, then establish response measures ~ p20
based on each risk’s magnitude, and make decisions accordingly.

9  To reduce semiconductor process gases, we focus on improving the efficiency of process gas treatment, reducing  p21
overall process gas use, and developing GHG alternatives.

10 Expanding the use of Regenerative Catalytic System (RCS). p21
11 Development and application of new catalysts for RCS with up to 95% processing efficiency. p21

12 Optimizing treatment time, process, and clean recipe and developing alternative gases with low global warming  p21
potential - replacing PFC gases

13 To reduce LNG consumption at our business sites, we recover and reuse waste heat generated on site. p21

14  We are reducing power consumption in the semiconductor manufacturing process through optimization, reducing p21
equipment test time, temperature management of auxiliary equipment, applying high-efficiency equipment, and
neutralizing wet scrubbers.

15  The total amount of renewable energy use in 2022 stood at 8,704 GWh — a 65% increase from the previous year -  p22
reaching a 31% transition rate.

16  Completed the transition to 100% renewable energy at all of DX Division’s business sites in Korea and manufacturing  p22
sites in Vietnam, India, and Brazil.

17 We are participating in the Clean Development Mechanism (CDM) initiative. We distributed 3.64 million p23
high-efficiency refrigerators over eight years prior to 2020 and contributed to the reduction of 550,000 tonnes of
GHG emissions,thereby obtaining certified emissions reductions (CERs) issued by the UNFCCC.

18 We plan to utilize ultra-power-saving technology for semiconductors, which is expected to drastically reduce the = p23
memory-related power consumption of data centers and mobile devices from 2025.

19  Since September 2022, we have been working with Amazon, Meta, Microsoft, and Sky (Comcast) as a founding p24
member of the DUCD secretariat.

20 We established the LCA process to accurately assess the environmental impact and carbon footprints of our  p24
semiconductor products across their entire lifecycles.
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21 Operating e-waste collection programs in over 50 countries. Recovering copper, aluminum, steel, plastics, among  p28
others, through pre-processing such as sorting and crushing.

22 We established the semiconductor-industry's Air Science Research Center (previously Carbon Capture Research ~ p30
Institute) in September 2021 to develop and commercialize technologies for capturing and utilizing carbon emitted
from our semiconductor manufacturing sites

23 Our 23 manufacturing sites have obtained the Zero Waste-to-Landfill mark* granted by Underwriters Laboratories.  p32
By 2025, we plan have all of our manufacturing sites designated as Platinum; Platinum - Korea (Suwon, Giheung,
Hwaseong, Pyeongtaek, Onyang, and Cheonan), China (Xian and Suzhou(2)), Slovakia, Brazil (Campinas), and India
(Chennai).

24 CV dust; Recycling based on our metal recovery technology for gold, tungsten, etc. p32

25 InDecember 2019, our Onyang business site became the first in the industry to be granted the Recognition of Circular  p33
Resources by the Geumgang River Basin Environmental Office. It also attained the Quality Mark Certification for
Circular Resources from the Korea Environmental Industry and Technology Institute for the first time in the industry
in October 2020.

26 In order to increase the added value of waste, we recover and recycle copper from sewage sludge from the p33
semiconductor manufacturing process. We also developed technology to produce an alternative for fluorspar required
for steelmaking in collaboration with Hyundai Steel.

27 We were rated the highest grade of platinum by AWS. Our Hwaseong business site was granted AWS certification  p34
after separately meeting the highest Carbon Trust's standard by reducing water usage in 2020.

28 We categorize water resources into used water, wastewater, process water, and ultra-pure water to increase the  p34
reutilization rate of water used for manufacturing.

29 We identify water-stressed regions using the tool developed by the FAO and assess the water stress and ten-year  p35
water risks that water basins near our business sites face using the tools developed by the WBCSD, WWF, and WRI.
We also establish and implement risk-specific response measures based on CDP's water security guidance.

30 Average daily reduction of water use at our semiconductor manufacturing sites: 30,000 tonnes. p35

31 Total amount of reused water increased by 29% compared to the previous year (2022): 116.59 million tonnes. P35

32 We monitor both upstream and downstream of the outlet to ensure accuracy. We perform analyses pursuant to the  p35
process testing act of the Ministry of Environment and apply our internal standards.

33  We disclose the discharge amounts of general pollutants (COD, SS) and calculate the discharge amounts of sulfate  p35
ion, chlorine ion, fluorine, and T-N based on their real-time discharge concentration levels and water analysis data.

34  We aim to drive the concentration of pollutants in our effluent water lower than that of the upstream by 2040. p35

35 We are equipped with triple-tier interlocks between the infiltration, processing, and discharge stages at our p36
wastewater treatment facilities. Each interlock is activated to initiate an emergency recovery of wastewater when
the pollutant concentration is assessed to exceed our standards.

36 We regularly measure key indicators of water quality - including chemical oxygen demand (COD), biochemical p37
oxygen demand (BOD), and potential hydrogen (pH).

37  As evidence of these improvements, it is now inhabited by Eurasian Otters (Endangered Species level I and and  p37

natural monument). We also sponsored the creation of the Osan Stream Butterfly Path aimed at protecting the
endangered dragon swallowtail.

%This information was directly extracted from the Samsung Electronics sustainability report (2023)
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