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ABSTRACT

The COVID-19 pandemic significantly increased the consumption of single-use masks globally, resulting in a surge
in plastic waste and its associated environmental issues. This study conducts a comparative life cycle assessment(LCA)
of single-use masks made of petroleum-based polypropylene(PP) and wood-based cellulose materials to evaluate their en-
vironmental impacts by life cycle. The results showed that cellulose-based masks found to be approximately 15.6% lower
CO, eq emission and 38.1% reduced resource depletion than PP-based masks, highlighting their potential as an eco-friend-
ly alternative. However, cellulose-based masks also exhibit higher environmental burdens in human health(33.8%) and eco-
system quality(109.8%), mainly due to increased energy use and by-products during production and disposal processes.
The study identifies areas for improvement, including optimizing cellulose-based production processes and establishing
specialized waste management systems. It concludes that while cellulose-based materials show promise as sustainable sub-
stitutes, further technical advancements in material and process optimization are needed to enhance their overall environ-
mental performance. This research provides useful data for the development of alternative mask materials and sustainable
waste management strategies.

Key words: life cycle assessment(LCA), single-use masks, petroleum-based polypropylene, cellulose-based materials,
environmental impact
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COVID-19 #H[92 A AlAZ o A3E upAd AM-S
g Z7hAzEh WHOO| T2, Wejzjo] B0z Al
=1 20200 & 3 < A AAOIA o 3,7899] 7] Usig
oAz} AL on, ol el ofdel 20194 oF 1259]
el BI8) ok 308] oAk Z7F519TH1]. Benson et al.[2]-S
COVID-19 WEslo e 7 AAHoR 3% oF 1 et =e)
A3lE- 7RI ogH] H7|Eo] WSk, 115 A3 Huks
=7} 51 °F 33.69] 7l ERitkal HFich2]. ol2fet 4%
& A9 AR SR ©ed] YmHV RS dA STHE
gk ofde} gHgol miRl= AR GRS ISkl T3]

U3l vpAT= TE, I8 A, Aale] 5 A 3744
FRog F/dHnt o] 5, 43§ niAd TEj= & E9L
Z9(PP, polypropylene) A& AW Et HAFE(spun-
bonded fabric)= AZHETH4]. PP 7PE 1 Aol 2551
o7} G5e AlFSHANL BAEEARE oF 1.47 kg CO;
eq/kg O =[5] Al 9 &7} AAOIN 2SATIAS B HiESt
1, JrER HiEd Folle EAE H7E A HEelA
T 9= 7IAIE = QdH: olE’t A= COVID-19 o]
T H& AdsH FAEglen, A AAXcRE P} upAa
#7710 o vNESAE FPo R ST BEiAIY t7] o
o mAl= FFll digh S=7F S7Hstal UHH6].

A AAAR S2tAE ARG W71E AIE st f1s)
F AR A7 ESAE AR FEEAL ok AR
g A= ArAolA R, AE-go] ofEle 7IE EA
g H7E A ¥k 4 Qs RS 7HAL dT3].
o] T AEZA 7t A= BESH] a7 71esiH, &
SHAE HiAARA A e dEA Alm F shelH:
AEZ A= AE0A 22 4= Qe WA &4 248 &
o Eoirt w2l ERAE ] H|s| Egof| w|X|= Akl A
th= g%do] SITH7.

F| L U3)E vpAF 9] AIAHHZHLCA: life cycle assess-
men) & 3 DkAT7} @4o] Bl e HKE A7E
o] T MHEE|QICE HEAOE Straten et al[8]S M4
78 B Eehar 7t AslS ohA2E 13] ABSEE ok
F17 % AES ol 9F1 Je slzsleick 1
23 ohaag 2 53] ARG A 7] vRE
Qo] oF 50% oAt EoIER] A ol Arke ARG
ZE5IITHS]. Rodriguez et al[9]12 HIHHIIE B
COVID-19 e} 7|7t 59t et AolE vpA=9] 4
TS A oH, XA HAE SRt Tlel=ERlE A
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Slgict. At Aol wEd, YRV A ETAE 7t
npAFo] vl 2A47FA HiETE A 30%7H] &Y 5 A
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7¥etgon, ZTtAE il AA APE ARSI upATTt Y]
Hog 34 Hoo| 7|ofg 4= Qlrke 7hs/dE AEoItt
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58 npAF Y AREE w77 S¢S BAT A=,
ETAE niAT 170G A3t FFe] 9F 0.021 kg CO,
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& o] Aftjxon o} i Pelop Bty aLH
2] njeto] WaskAle, tsie] AR selolA o)
o4 =) Aol G AT HolEl RESI. ol A
X 2% B8 HAA APkt T 4 53e] Qo]
o] FAH oA Wsly] oA Bk oot e AT B
uLe Sebael 7)uk hago] oA AR 4717 A4
2 23] Bl 91t Aol AEAel Hloleo] £
%0 ofojzlt}. ol RYUSP] 98] AR 24 HAI
4 olde TAHCR A% Bako] A= Sk
B 7o BAe 494 Seiag s HE AR
U5lg vhaze} Rl ER A TN WIS A3
U5}§ npao] SRS MIFIBHLCAIS B3] s}
L Aol ol2 B3] £ ABY Az S5 W] G L
ABHe SAURS AL AR 2] Algo] Sek
o 7] AZe) Hhoto] @ 4 QA WAASK B3, & o
T o] Qg npaT 4l S7l0) e wAd R
S AL 5 Q= WS A Yol Ao Yol
o} TE]T 3% COVID-19 Weula} 28t 700
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g A BEHoR AR wkaTo) A% st A4kt
7] ke usket] Zeig 4 9 ole. £ AT ik
S As)g kA A At S BAGE A7
A o] Fa3t xR B8E 4 Utk
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2. YBIR 01AT9| 7IE XE 4%

2 Aol MRA S=taE ZE 7|RE d9lE npAFe}
EAA AEEA FE 7|RE U3E niAT ] ARYEIIE
Qs o] L2)& viA AP E7E B SRS =
o Yehd dlolEE &8skt 183l 7 &g Ll
(life cycle inventory) HoJEH|o]A= Ecoinvent 3.8} USLCI
£ &8sloH, HolHe & FUE(input) SHOE T4

At AEE(output) HloJEl= 2t S04 WSk HiE
Eolu FAMES AR O R 2F6HA| Aok, ol AlRE
“go] FYsith= 7Hdstol F AELe] 29 HlaolA 4
2Rl ZolE EAsl: o 24e wH7] wiZolth

AA E2HAE 7|RE A3E niAT o) AR HHA HolE
+ Franklin Associates, Cradle-to-Gate life cycle analysis of
polypropylene(PP) resin[10] B 1AE Zarslom, A=t
A9l HlolE= Turkmen[4]2] A5 arsto] wHIsIGIH:
A AE2 A 7IRE U3E miAT o] ARHTA HlolH
= Chen[11], Krexner et al.[12], Corcelli et al.[13]9] AF=
Zarsto] HkgsiQint. AxEA 9] Hold= E2kaY it I
318 kA=t FYUSHAl Turkmen[4]9] AF-E FALsHch

7} Alg ursio] 250 Hlol %, 2 AT S of
A 3epEle] Zpgsigon], edaael B Holek
Turkmen[4]9] Q78 FUSet 7 A8G vha WA
AeIAo) e v &L BAR0) 20204 71 0% #7122
9 A BRI4PT FNAAUI] D3I ok
Rt At A 15]2] A=t Lee et al[16]9] A5 7
wjo] 2k, v, B HA9] U8 Wit 7t Ule:
vis A o vhase] REE(RE, FAxe), 3 A4 )
FYS S KP4 UBI§ kA A 24T doleg
Fgslgion, BuA AT 0s N Uslg vhazel el
L 70%2] BEEOA MRt 30%S] BUTZPA BT
FYECT FPgSI Tel3 MBR 0N 25 £8L A
2ol o] Y ZUES FUHLL, U31§ kAol 1w
B dolei Agistol FgElgIEE. Table 1] 494 Het
28 79 U8lg Aot B AEROA S Aslg
upazio] AYEst SUE Slo) BEE |ZAR Y
d 52 Aokl Lehygict

2.2. U3|E OtATO| MupPyHIL HitH

£ Aolxs d3lE nkaart S| vl e A
Skol7] s AIAH7HLCA,; life cycle assessment) RF'H-S
k8519t AP E7E= KS 1 1SO 14040 @ KS 1 1SO
14044, H715}a1R} sl= JFHT 5 TS BRE A
Tl MRS FHHoF HuA KS 1 1SO 140672] =A]
ol et Y= AP grie] Bt & Aol 54,
715H, AAREA, FFE7 HES 54 E e B9

Table 1. Data source and acquisition related to single-use face masks life cycle in this study

Life cycle Contents

References

Pre-production stages of plastic-based single-use masks

Franklin Associates report [10]

Pre-production

stages Pre-production stages of cellulose-

based single-use masks

Chen [11]
Krexner et al. [12]
Corcelli et al. [13]

Production stages of plastic-based and cellulose-based

Production stages . Turkmen [4]
single-use masks
Transportation Transportation means 'of plastic-based and Turkmen [4]
stages cellulose-based single-use masks

Disposal stages

Status of waste generation and disposal

Korea Ministry of Environment: 2020 Status of waste
generation and disposal [14]

Anti-Corruption and Civil Rights Commission of Korea:
Single-use face masks waste disposal plan [15]
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Fig. 2. System boundary of cellulose-based single-use masks
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Table 2. Inventory data of plastic-based single-use masks at pre-manufacturing stage (based on 1 ton)

Category Material Amount Unit

Raw materials Propylene 834.2 kg

Auxiliary materials Nitrogen 52.7 kg

Input Auxiliary materials Electricity 246.8 kWh
Auxiliary materials Natural gas 28.0 n’

Auxiliary materials Water for processing 2,468.0 kg

Product PP resin 822.7 kg

Output Air emissions CO,, NMVOC, particulates etc. 8.4 kg
Waterborne emissions BOD, COD, Zn etc. 0.03 kg

Table 3. Inventory data of plastic-based single-use
masks at production stage (based on 1 ton)

Table 5. Proportions of disposal methods for single—
use masks

Category Material Amount  Unit Category Ratio (%)
Filter PPnntoI:(-t ) 827 ke Incineration 64
woven fextie Landfill 31
Ear straps Polyurethane 83.3 kg Environmental Toss 5
Noseguard Aluminum 94.0 kg
Energy for assembly Electricity 5342 kWh 9] 3= 5 TlolHE A-&sto] 4HgsiGick

AzDA E=04 TH FE] L HlofE F, 70%= Al
XX—]I:]—ﬁ]E_'_E-] zzx] HAEZQA q]o]E]E 14_9_0}03 ouq
ol 30% 7k Belmasl 2 doleg 28slsl
ok 1 9] 2§ WL Sy ik gl npabo) B

7 S5 Selch
== e 55T ﬁ]olﬂi A= =
Hduey ]:ﬂO]E—]E 14—9—01—95\0111 =5 ZIE‘I‘E'] Zﬂ

a7 e4EE guo
£ 5% o) 32 o5
Q2 9 A o]

°**E1°ﬂ 3t Hlo[H R 7.5~16
g glolEE H8st3itt. YA
} gloJEX 3.5~7.58 & 1L

P |A B2 Setae VI Aslg ntage] Hy]HA

SYUSH| Table 50f Lehd Hl&o] wet 2 83iict. As
202 7[5t 43§ wpAT o] ZF OAE EE2 Table 6~
Table 80 LFERHICY.

3. g+

FSE7L

20t H 0F

3.1, Hiry gy
311 ArA S2tAE V18 Yol OpAS

TL S C A Tl

(1 ton 71&) ™

Table 99]A%= 1 ton S50 A4 ZetAE 7] U3lg

Table 4. Inventory data of plastic-based single-use masks at transporation stage (based on 1 ton)
Category Transportation means Distance
Raw material transport 1 (crude oil-raw material supplier) Pipeline for crude oil transport 30 km
Raw material transport 2 (raw material supplier-manufacturing plant) 3.5-7.5 metric ton freight lorry 50 km
Product transport (manufacturing plant-sales location) 3.5-7.5 metric ton freight lorry 200 km
Waste transport (collection/sorting site-incineration facility) Municipal waste collection lorry 20 km
Waste transport (collection/sorting site-landfill) Municipal waste collection lorry 20 km
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Table 6. Inventory data of cellulose-based single-use masks at pre-manufacturing stage (Based on 1 ton)

Category Material Amount Unit
Forested area 0.002 ha
Input Electricity 0.1 kWh
Silviculture Diesel 3 kg
CO,, SO,, NOX etc. 10.6 kg
Output
Roundwood 12.1 m
Roundwood 12.1 m’
Input Electricity 39 MJ
Sawmill operation Steam(Heat pump) 82 MJ
CO,, SO,, NOX etc. 371 g
Output
Sawdust 5.4 m’
Sawdust 5.4 m’
Input Electricity 137 MJ
Wood chip Diesel 0.042 ke
production
CO,, SO,, NOX etc. 482 g
Output
Wood chip 822.7 kg
Wood chip 822.7 kg
Input Water for processing 40,370 kg
Cellulose extraction
Electricity 265.6 kWh
Output Cellulose fiber 5759 kg
Table 7. Inventory data of cellulose-based single-use masks at prodcution stage (Based on 1 ton)
Category Material Amount Unit
PP non-woven textile 246.8
Filter kg
Cellulose fiber 575.9
Ear straps Polyurethane 83.3 kg
Noseguard Aluminum 94.0 kg
Energy for assembly Electricity 534.2 kWh
kAo dist Ak skl AAE E7 SFo 7 HA 7|8k 435l8 upA79] TAE 39S 7| 23S Fig. 3
alo] 7 ATE AXNSIY 15719 B $% FEF S o UehARTh BE A9 E(mineral extraction): OF 248
AF-245} FaFa(global warming)ollA FAE SHFEF MJ surplus® YERGOH, ol= IFulE I A|X|the} 24

L 9F 7.18 ton CO, eq® UEHT} o] & AxgA7} oF
74.5%% AR5k, ol Exadd Az A, AR A
83} 2A7EA viEo] 8 Yo A8t 25Tt
H7|oHAls 7} 2.5%8) 23%9] 7|ojEE ot Zetag

dg FAme) Azl 71 Turkmen[4e] Ao
ol Eelesio] FE A9 1gel %4 89008 o
e ot ok

F9| 497 BeknE Sl Aoig

1 ton utAFo] gt
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Table 8. Inventory data of the transportation stage for cellulose-based single-use masks (Based on 1 ton)

Category Transportation means Distance

Raw material transport 1 (forest land-sawmill) 7.5-16 metric ton freight lorry 50 km

Raw material transport 2 (sawmill-wood chip factory) 3.5-7.5 metric ton freight lorry 50 km

Raw material transport 3 (wood chip factory-cellulose extraction plant) 3.5-7.5 metric ton freight lorry 50 km
Raw material transport 4 (cellulose extraction plant-mask manufacturing plant) 3.5-7.5 metric ton freight lorry 50 km
Product transport (mask manufacturing plant-sales location) 3.5-7.5 metric ton freight lorry 200 km

Waste transport (collection/sorting site-incineration facility) Municipal waste collection lorry 20 km

Waste transport (collection/sorting site-landfill) Municipal waste collection lorry 20 km

120
100 e mE B
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R 60
mWaste
40 Transport
B Production
20
o & = I BN BN BN BN B e
ol . o I & ey o o
¢ o F & FEE T *“;‘
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Fig. 3. Environmental impact contributions of plastic-based single-use masks by life cycle.
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Table 9. Life cycle impact assessment results of plastic-based single-use masks (Based on 1 ton)

Impact category Unit Total Production Transport Disposal
Carcinogens kg CH;Cl eq 2.16E+02 2.13E+02 1.32E+00 1.17E+00
Non-carcinogens kg GH;Cl eq 2.18E+02 2.05E+02 2.93E+00 9.60E+00
Respiratory inorganics kg PM2.5 eq 6.09E+00 5.88E+00 1.61E-01 4.55E-02
Ionizing radiation Bq C-14 eq 3.62E+04 3.49E+04 1.21E+03 6.91E+01
Ozone layer depletion kg CFC-11 eq 2.01E-04 1.69E-04 3.03E-05 1.98E-06
Respiratory organics kg CHs eq 2.80E+00 2.63E+00 1.56E-01 7.36E-03
Aquatic ecotoxicity kg TEGwater 7.91E+05 7.68E+05 1.57E+04 7.55E+03
Terrestrial ecotoxicity kg TEGsoil 1.32E+05 1.23E+05 8.04E+03 5.08E+02
Terrestrial acid kg SO, eq 9.30E+01 8.83E+01 3.16E+00 1.57E+00
Land occupation mporg.arable 4.03E+01 3.51E+01 3.93E+00 1.29E+00
Aquatic acidification kg SO, eq 2.87E+01 2.79E+01 6.41E-01 2.43E-01
Aquatic eutrophication kg PO4P-lim 6.25E-01 5.95E-01 1.64E-02 1.38E-02
Global warming kg CO, eq 7.18E+03 5.34E+03 1.82E+02 1.65E+03
Non-renewable energy MIJ primary 1.68E+05 1.65E+05 2.80E+03 2.54E+02
Mineral extraction MIJ surplus 2.48E+02 2.45E+02 2.29E+00 3.72E-01

Table 10. Life cycle damage assessment results of plastic-based single-use masks (Based on 1 ton)

Damage category Unit Total Production Transport Disposal
Human health DALY 5.49E-03 5.30E-03 1.25E-04 6.21E-05
Ecosystem quality PDF*m**yr 1.22E+03 1.14E+03 7.20E+01 7.44E+00
Climate change kg CO, eq 7.18E+03 5.34E+03 1.82E+02 1.65E+03
Resources MJ primary 1.68E+05 1.65E+05 2.80E+03 2.55E+02

o} e, vAFBY JPUT(Non-carcinogens)’= H/|F  RAZRA vjEE HPOU, HAOR 4 T L EF - 5
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depletion)= 2F 3.92E-04 kg CFC-11 eq2 235]8 Z=AE
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ShEd ARGOE QIS Ao = .

AA ESAE 7N AIE viA T = AREA A w2

] AJEA| =X (terrestrial and aquatic ecotoxicity)olA12] 4
B2 S SR W, S0 B0 Y A o
AT AFLds) oA e SRS HAA|w EQF
*3‘5}174] %‘éoﬂﬁ—t— o 2 EIY A0E UEllth EY
A =442 E2RAE 7N 98 uRAHTL OF 1.32E+05
kg TEGsoil, &2 A 7|4l A35]-& upAT7} 9F 2.07E+05
kg TEGsoil2 °F 57% T &2 $2|2 Bt} ol ARXFH
9] B =2 ovA] AkloA 7IQIgt AoR wehErt.

1 ton o] BHA AEF QA 7|4t Y3}R upAH o o
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Table 11. Life cycle impact assessment results of cellulose-based single-use masks (Based on 1 ton)

Impact category Unit Total Production Transport Disposal
Carcinogens kg CH;Cl eq 1.93E+02 1.38E+02 1.88E+00 5.26E+01
Non-carcinogens kg CGH;iCl eq 5.92E+02 1.95E+02 4.25E+00 3.93E+02
Respiratory inorganics kg PM2.5 eq 7.34E+00 5.56E+00 2.05E-01 1.58E+00
Ionizing radiation Bq C-14 eq 4.29E+04 3.74E+04 1.64E+03 3.89E+03
Ozone layer depletion kg CFC-11 eq 3.92E-04 2.54E-04 4.07E-05 9.68E-05
Respiratory organics kg CHy eq 2.07E+00 1.54E+00 1.85E-01 3.48E-01
Aquatic ecotoxicity kg TEGwater 1.53E+06 1.30E+06 2.23E+04 2.11E+05
Terrestrial ecotoxicity kg TEGsoil 2.07E+05 1.74E+05 1.17E+04 2.08E+04
Terrestrial acid kg SO, eq 1.34E+02 8.64E+01 3.87E+00 4.42E+01
Land occupation m’org.arable 6.52E+02 5.80E+02 5.79E+00 6.59E+01
Aquatic acidification kg SO, eq 3.33E+01 2.48E+01 8.21E-01 7.75E+00
Aquatic eutrophication kg PO4P-lim 1.45E+00 9.73E-01 2.26E-02 4.55E-01
Global warming kg CO; eq 6.06E+03 4.40E+03 2.46E+02 1.41E+03
Non-renewable energy MIJ primary 1.04E+05 8.92E+04 3.80E+03 1.05E+04
Mineral extraction MJ surplus 2.63E+02 2.43E+02 3.29E+00 1.65E+01
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Fig. 4. Environmental impact contributions of cellulose—-based single-use masks by life cycle.
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Table 12. Life cycle damage assessment results of cellulose-based single-use masks (based on 1 ton)

Damage category Unit Total Production Transport Disposal
Human health DALY 7.35E-03 4.83E-03 1.62E-04 2.35E-03
Ecosystem quality PDF*m**yr 2.56E+03 2.17E+03 1.04E+02 2.93E+02
Climate change kg CO, eq 6.06E+03 4.40E+03 2.46E+02 1.41E+03
Resources MIJ primary 1.04E+05 8.94E+04 3.80E+03 1.06E+04
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Fig. b. Environmental impact contributions of unit process of plastic-based single-use masks in global warming.
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Fig. 6. Environmental impact contributions of unit process of cellulose-based single-use masks in global warming.
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