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Environmental Break-Even Points of Reusable Tumblers under Different Washing
Methods: A Life-Cycle GHG Comparison with Single-Use Paper and PET Cups

Taegyeong Han, Wonjae Choi’

Division of Mechanical and Biomedical Engineering, Ewha Womans University, Seoul, Korea

ABSTRACT

Reusable tumblers are widely perceived as an environmentally friendly alternative to disposable cups; however, their
actual environmental benefits may be overestimated if the initial impacts from manufacturing and the burdens associated
with repeated washing are not adequately considered. This study evaluated the life-cycle greenhouse gas (GHG) emissions
of 12 oz (355 mL) PE-coated paper cups, PET cups, and stainless-steel tumblers, and analyzed the environmental
break-even points of reusable tumblers under different washing methods. All products were assessed within a
cradle-to-grave system boundary covering production, transportation, use, and end-of-life. Life-cycle inventories were
developed using ecoinvent and Korea-specific data on supply chains, electricity, water, and waste treatment. For the
tumbler use phase, manual washing with cold or hot water, foaming detergent washing, household dishwasher use, and
a dedicated tumbler cleaner were compared. The results showed that GHG emissions per use were 42.8 g-CO,-eq. for
the paper cup and 77.8 g-CO,-eq. for the PET cup, with material production being the largest contributor for both cup
types. The initial GHG emissions of the tumbler were 923.4 g-CO,-eq. per unit, and the environmental break-even point
varied substantially depending on the washing method. Manual cold-water washing resulted in the lowest washing burden,
whereas the dedicated tumbler cleaner did not reach a break-even point under the analyzed conditions because of its
relatively high electricity consumption. These results demonstrate that the environmental benefit of reusable tumblers
depends not simply on reuse itself, but on a sufficient number of cumulative uses and low-energy washing conditions.
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1. Paper cup
Raw material PE coating
} R ]
. Paperboard Paper cup .
Pulp production production production —bll_ o _Usi o y—[ Recycling
Raw material ——» Poiypropv!(_ane lid 4I incineration
production
2. PET cup
Raw material Recycling
| L 1
PET production > PET cup & lid —bl Use Incineration
production [
Landfill
e p
3. Tumbler
Raw material > Stainless .steei Tumblfer Use I—b Washing Recycling
production production L |
. Polypropylene lid & l T— ]
Raw material —» rubber production Reuse Landfill
- /

Fig. 1. Life cycle system boundaries of the paper cup, PET cup, and reusable tumbler systems.
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Table 1. Life cycle inventory and activity data for the paper cup system

Material Value Unit References
Paper cup body mass 10.6 g [13]
PP lid mass 35 g [14]
PE coating mass 0.3 g [16]
Paper cup converting 0.29 kWh/kg [20]
Korean grid electricity 0.493 kg-COr-eq./kWh [11], [12]
Import-share-weighted average maritime transport distance 15,104 km [17], [18], [19]
Domestic road transport distance 410 km Assumption
Recycling rate 13 % [1]
Incineration rate 87 % Assumption based

on [1]

Hischier, R., sulfite pulp production, bleached, RoW, allocation, cut-off by classification, ecoinvent database version 3.12

Anagnostou, E., market for polypropylene, granulate, Asia without China, allocation, cut-off by classification, ecoinvent database
version 3.12

Ioannou, I., polyethylene production, low density, granulate, KR, allocation, cut-off by classification, ecoinvent database version 3.12

Reinhard, J., thermoforming of plastic sheets, RoW, allocation, cut-off by classification, ecoinvent database version 3.12

Ecoinvent, market for transport, freight, sea, container ship, heavy fuel oil, GLO, Allocation, cut-off by classification, ecoinvent
database version 3.12

Levova, T., transport, freight, lorry, all sizes, EURO 6 to generic market for transport, freight, lorry, unspecified, RoW, allocation,
cut-off by classification, ecoinvent database version 3.12

Clementi, M., treatment of waste paperboard, municipal incineration, GLO, allocation, cut-off by classification, ecoinvent database
version 3.12

Clementi, M., treatment of waste polyethylene, municipal incineration, GLO, allocation, cut-off by classification, ecoinvent database
version 3.12

Clementi, M., treatment of waste polypropylene, municipal incineration, GLO, allocation, cut-off by classification, ecoinvent database
version 3.12
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Table 2. Life cycle inventory and activity data for the PET cup system

Material Value Unit References

PET cup body mass 11 g [21]

PET cup lid mass 39 g [22]

PET, 70% virgin and 30% recycled 3.85 kg-CO»-eq./kg [23]
Import-share-weighted average maritime transport distance 12,555 km [19], [24]
Domestic road transport distance 410 km Assumption

Recycling rate 5.0 % [2]

Incineration rate 54.1 % [25]

Landfill rate 40.9 % Calculat(;czisﬁ:rom (2

Clementi, M., treatment of waste polyethylene terephthalate, municipal incineration, GLO, allocation, cut-off by classification,

ecoinvent database version 3.12

Stoikou, N., treatment of waste polyethylene terephthalate, sanitary landfill, RoW, allocation, cut-off by classification, ecoinvent

database version 3.12
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Table 3. Life cycle inventory and activity data for the reusable tumbler production system

Material Value Unit References
Stanley product mass 210 g [26]
Thermos product mass 170 g [27]
18/8 recycled stainless steel EI 3.12 ,[28]

Ecoinvent, market for steel, chromium steel 18/8, GLO, allocation, cut-off by classification, ecoinvent database version 3.12
Hischier, R., synthetic rubber production, RoW, allocation, cut-off by classification, ecoinvent database version 3.12
Steiner, R., deep drawing, steel, 3500 kN press, automode, RoW, allocation, cut-off by classification, ecoinvent database version

3.12

Hischier, R., injection moulding, RoW, allocation, cut-off by classification, ecoinvent database version 3.12

YolA= BHAdoA 48712 EURO 6 U4 StEEgog
LR Aog JPYsIgITh

2.2.4 "Ee MA F H7| ALl

HET Y e ARG dAME 5 Wa25 AlF, dE
AI7A A, 788 A7IA1A7] 2 "EE H8 AlF719 o
A 7] AUEIE AHsitt 24 Ay A &
= APgAl AL & 71D B A A9 An|9) ARE F sl
AE E3sI o, AR IHEE]= Table 4] AA|SH.

B 3 A olgss AR[29], 51 Al =4 5t
e AARIO] BAOFE A= [30], AlPA| ABARS ecoinvent
MIEE HEotrh 5 AHole Y AA 2 g3lE
Agohal, & AR 1, 3 & 5 /3o tigh RIE A4S

Ptk 2 AlE2 27] 92 15°C9] &5 40°C71A] 71
She o= At HAY 882 90%E H8SIAH
[31].

AR A AH2 AE ARTHE 7Ee® dAsiale
H[32], 7H4-& A7IAIA 19 FER 8 AEVE 44 LG
DIOS®} LG myCup®] 37 AH=E o183 33, 34]. 47|
AA71E 1408 832 7IEer 9E8] o) 7.14%E &
Forek ot 14908 S AAl "HETe] 84 daee
27 9t gho] oplug, 1/14 T2 g8 g B 2
AR AREFE HHB7FE 7Fs/del et mEbA A71A1A
71 A Ay 9] 2AVES BiEde Heos AP ER
= 7 Ak

LG myCup?] HZAEHE AIF Aol AXE v

Table 4. Life cycle inventory and activity data for reusable tumbler washing and end-of-life scenarios

Process Material Value Unit References
Manual cold/ hot-water .
. Detergent use 2 g Assumption
washing
. . Water use 1 L
Foaming detergent washing Effervescent cleaner mass 3.5 g [32]
Water use 14.5 L/use
Dishwasher Electricity consumption 1.0 kWh/use [33]
Detergent use 20 gluse
Allocation ratio per tumbler 7.14 % Assumption
Water use 1.04 L/use Assumption
Tumbler cleaner Electricity consumption 0.197 kWh/use 34]
Detergent use 6 ml/use
. Recycling rate 95.0 %
End-of-ife Landfill rate 5 % 3]
Tap water supply 0.240 kg-COx-eq./m’ [29]
Zah, R., soap production, RoW, allocation, cut-off by classification, ecoinvent database version 3.12
Wastewater treatment 0.58 kg-COz-eq./m’ [30]
Emission factors Natural gas supply, Korea 0.2538 kg-CO»-eq./kWh [8], [11]

Korean grid electricity

0.493 kg-CO,-eq./kWh [11], [12]

Doka, G., treatment of waste steel, inert material landfill, RoW, allocation, cut-off by classification,

ecoinvent database version 3.12
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Fig. 2. Greenhouse gas emissions of paper and
PET cups by life—cycle stage.
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Fig. 3. Greenhouse gas emissions of reusable
tumblers by life—cycle stage.

120

100

20 PET cup: 77.8 g-CO2-eq.fuse

60
Paper cup: 42.8 g-CO2-eq./use

g-C02-eq./use

40

i I I
,  wm L

Manual cold- Manual hot- Dishwasher Tumblercleaner

water washing water washing

Foaming
detergent
washing

mmmm washing scenario Paper cup  =====PET cup

Fig. 4. Greenhouse gas emissions per washing
cycle for different reusable tumbler washing
methods.

A7) 18] A ujEero] Folt PET 19 13] A8 ujE
Sprch Lotk TRt S Azks 2 d7old B8 18 A
2719 & 9 AY AR 2 Aujolnz A LHx

Ao wet debd 4 ek

33 45 M& 2 NS 02 BUT 22X

5% ME A B A8Fo] BB BN n)HE
T2 W] 9o T ABHL 1,3 % 5 L2]E WA
WIZHE RS SRR Fig. 59 o] W AR 2
A8 71l TE LA vhETF sk AlElolglont,
2% AHAAE B 7180] Wagk oAz QIs) o]
A Fhelsick

106

g-C02-eq./ use

Cold-water Cold-water Cold-water Hot-water Hot-water Hot-water
(3L

50
40
30
20
10 I
T B
( (5L) ( ) (

(L) 3L) 1L) 5L)

Fig. 5. Sensitivity of greenhouse gas emissions to
water use in manual tumbler washing.

5 Y AR 2ATA HIERE S AT L, 3 25
LolM 242 5.7, 7.3 & 9.0 g-COs-eq./3]= APYH Ut W4
AFA= & 7HE oUAI7E AREER] ot & AR S71
o wet A FF 5l AP Foltt SR HiETF
Hop} Ao s AA Yt

5 2 AN E YT & ARRE oA A
13.9, 31.9 @ 50.0 g-CO»req./22 Z7}35Ith ol & AL
F 37kl "t e 2 sk AP ofyzh 15°CoA
40°C7HA|9] & 7ol Bagt o|A] An7t A S71517]
o]t}

ojgt Aik= 7|} JFHTFoIA MHS ARG AHA|
Ho} 29] 71 o7 7} AlFo] o 247 HiEFl § &
QFS TS HojErh oigt W A4 vies wskt
Ack= 237t & ARl e I AT B2 9
SR d=th E AR TR @SS F8S 49 AL
2 ZF Aol7h debd 4= glou g, AlF ¥bAlo] $dS Bt
& di= 71 oflvAet Alds ARRE T 1T Eert
At

3.4 MA WAl BN 2o)=7|

Fo1x¥ PET 9] Bat ¥iEFR 60.3 g-COr-eq./3E H
B A9E Ao vlal 7|Eo = B33t Fig. 63} o] =
& ¥ AEelMe & AR L, 3 B 5 L3 230lA 42
17, 18 5 193] ARG § 252 Ei7|ol =2sioirt ¥
T AlFeAE & ARl I Al BiEF Aelt 2ot &
Q27149 Wl Aljteor YErt

& =7 AEME & AR 1L 3 B S L/glol 242
20, 33 9 903]2 EJ27] ARG Bt S8 ol &
ARG 710l met & 7hgol East ouA| 487t FTs)
7] diZolct. FE AFA AlaellAls 223], 718 A71A14



=
o
oLk
s
2
gl
P
oo
uit1}
i3
)
1o
rlol
o,
)
P
15
£
N
jai)
M
T

Break-even number of uses
o
S

40

30

20

10 l I
0

cmuwner Hot-water ~Hot-water  Hot-water
(1L) (3L) (5L)

Foaming  Dishwasher  Tumbler
detergent cleaner

Fig. 6. Environmental break-even number of uses
for reusable tumblers under different washing
methods.

Z|oME 459] ARG & EefE]o] FAE A

g "ee A8 AErle 13 AH siEFel 1117
g-COsreq. 2 HE AUTE 9| 60.3 g-COs-eq./B]HTE Ok
=4 2A0ME AR Sl BARle] B EE7 IRl
PR R & AF719] & ARl HiRt SRk
AR e s, & AREE 1 3 3 L3z HoAA
F7HA ‘1’17:.‘5 AZ TR 1 2 Al 155 24

WA HiEHL T 24 BT 9F 111.66 g-COxreq./3& UrE}
wow, 241 7t }OT% 0.002 g-COz-eq./3] H|FHO|QIH. o=
2 Are] 71913t JRFTolAE B8 AlA71 & AR

Hrp AY Anlo] & 2R wiEe] 7197t Ao
Tzolct. thet of=et Biks & ARgel mE I A
7t SR ke AUIsHA] o, & Aol Ak &
v Be & §50 39d dFRTE WU ettt A
< w=s °at 9ok

olef A8 Alaf719] B EE1d F4 ool e

Rl Y Avle] AR VIR PSR & AR
5 OE ARz 422 AARE S /A A
38 AlA719] anldgo] oF 1.39 kW nlkd wf AlH 155
AR HiERe] dE d9lE Hol Bt HEE]! 603
g-COz-eq/B)HTH SobA] 2d2] EojE7|Ho] F44E =+ A
+ ACR UERTE o= & 7oA 281t AnEdd 2.95
kW tiH] oF 53% H2 otk wEkA 48 Ald719] &9
71d v ddke e A8 Aol gRlsls R, &
AolA H83t AgH|e] A AnRAd W AR AT

287t ek
A o= AlF o] et 2712 178]014 903]
7K A Wkl on, E5] &4 AMReal AH] AY A

7} E71eE gaeo) 944 olde sws] 9e o B
2 ¥2 Ajgo] Was Aow Uehie.

3.5 Ml Aol HlW Z AARY

2 A5HllA PET 33} Folx] BT e A4t @AY 7)o
7} 7 2 Uebgon], Ak F HelEoL) THA 4] o
208 22 MES AR, ok Lok Be WA
U= YA ofjg} EoL 2A0l|e 34 e TS 5 U
< 9Ju|Sl}. Hékkinen and Vares:= carton-based cupZ} PET
cup= IO = TF LCAoJA &4 A€} EoL AlU=] 7t &
A% Aol T FRE 0lAg HIsiRew 36, B

AT ol Hyt Ftotlch

318 o] 2 ARG St AR 249 3A] 3
FL W Ao etk 2 A79) 949 eolprlEe
AF 270 w2t 17-903] 2 Halsalor, of= A4 ¥ 5
71270 w2t o288 7] £9E7 o] depd 4 Stk
B3} Cottafava et al.Q] AT} LX|ZICH4]. = ALollA]
% vi)8 717} g2ele) NS AE B0l BEYT
F9 g AAE HF QITHS]. TS Anand et al.2 paper
cup2 7|0 = reusable PP U steel cup?] 7| FHsl I &
oJE7]4o] oF 5432ty Husiylom, AIZIAIA7] ARG Al
ARl ST W Al A Pashe Ao el
oif37). olelet ATk 2 Aol AlE Wlo] mah el
710] 17-90812 =7 ek Auset Sk, B8] 71
Q179] 543]7} = 17.9) 413 9l vhol Ao HollA

ARG S ofEt AlH 27do] thalg Ho TS 2
Johe 527 2UYS HojEoh ot AT 7F &R 3

0| Aol AlE ARt A, ARz, AU 3l EoL A
g2 52 AolollA 71 o= lom= ARl 4] vl
Aofl= o7t asitt
o2’ Aik= tElg 3] BFA e EsH] sy
=0t B S ofuE 2]t WhE ARSI AofuA] A
i—*. ‘%}@‘01 oA drsjofof o2 AlARIT 53] 2 AolA
+ Y5 AR 24 5] AlZoA ouA] 48] F710]
w2t EQE7 %ol A S8R, A8 *1]“4714 %
T 95 A aHPF S 94 ofFE AXsle 38
o 89102 Uielsich by chalg 4 B9l 44 9 4wl
o[ X A HFEOIT $4-8E ohfet A4 AALE 3
o} A2 3p9] ol i Avlg g Teie et ek
4. 2 &
B AT 1282(9F 355 mL) Y5}E
gl AR A dE8 9] AatA
Haio] Al

Fo3, PET 7]
SN S Wt
Hpalol W 3 EolEy|Ee Btk

107



S, FeA

4 A3, 13] AR 718 HiERRE FolF 42.8 g-COsr-eq.,
ET 7 77.8 g-COreq. 2 AHYEQIOH, & AE 25T d=
JAE DAL 7=t 7Y ZA YeErsith

E99] it &5 9 ARE & A2of TE Hdt 27] H)
ST 9234 g-COreq/ /iR, HIE ARBO] met 27] 2
SIS HARE 4= Qlth ol PET Ho| Bt wiEw
%1 60.3 g-COreq./3lE 7102 3 T4 £Ql27] AME 3l
= 5 B AlIF 17-1938], B APA A1A 223, 5
25 AlA 20-903], 78 A71H147] 4532 YR Bt
A e A& A= 13 AIF siEso] 111.7 g-COs-eq.
2 7|EgET Eot B4 2oAE &8 o] F4EA|

Qlgkort, S7h B4 2 the 24| FUT A9 Aulue
Z =]
o

> g

& AA—
o] oF 1.39 kW m|qto 2 Z14sHH 3144 &0l Ho] g4
g 5 Q= Aog Yehyth

webi] HEH9] 344 oS gHsl| Yeliils FESt
HEE AR} S B4 AlE, 25 AR A4S E Ao
AlF wFae] o] F8sht & A= I Y8 2, &
%, ARE 3 A 9 gost Al AU . RHgste] dslE
A GEHE 5L 715 7S04 HluFtE 9Jol7t Sl
o H7k= 715 Hs) e sslglen®, B A,
A ARE 9 SN 5 o2 SIS HEollAe Fapt

Yok 4 9k

References

1. Ministry of Environment. Measures for the management
of disposable products. Ministry of Environment (2023).

2. Korea Federation for Environmental Movements. Finding
the “ultimate disposable cup” with high recyclability.
Korea Federation for Environmental Movements (2021).

3. Potting, J., van der Harst, E. Facility arrangements and
the environmental performance of disposable and
reusable cups. The International Journal of Life Cycle
Assessment 20, pp. 1143-1154 (2015).

4. Cottafava, D., Costamagna, M., Baricco, M., Corazza, L.,
Miceli, D., Riccardo, of the

environmental break-even point for deposit return

L. E. Assessment

systems through an LCA analysis of single-use and
reusable cups. Sustainable Production and Consumption
27, pp. 228-241 (2021).

5. Lee, C., Lee, H., Jang, Y. C., Choi, K. Comparative life

cycle GHG emissions of single-use plastic cups and

108

reusable cups for beverages. Environmental Engineering
Research 30(5), pp. 1-13 (2025).

6. Caspers, J., SiiBbauer, E., Coroama, V. C., Finkbeiner,
M. Life cycle assessments of takeaway food and
beverage packaging: The role of consumer behavior.
Sustainability 15(5), p. 4315 (2023).

7. Wernet, G., Bauer, C., Steubing, B., Reinhard, J,
Moreno-Ruiz, E., Weidema, B. The ecoinvent database
version 3 (Part I): Overview and methodology. The
International Journal of Life Cycle Assessment 21(9), pp.
1218-1230 (2016).

8. Choi, W., Song, H. H. Well-to-wheel analysis on
greenhouse gas emission and energy use with natural gas
in Korea. The International Journal of Life Cycle
Assessment 19, pp. 850-860 (2014).

9. Jang, J. J, Song, H. H. Well-to-wheel analysis on
greenhouse gas emission and energy use with
petroleum-based fuels in Korea: Gasoline and diesel. The
International Journal of Life Cycle Assessment 20, pp.
1102-1116 (2015).

10. Choi, W., Song, H. H. Well-to-wheel greenhouse gas
emissions of battery electric vehicles in countries
dependent on the import of fuels through maritime
transportation: A South Korean case study. Applied
Energy 230, pp. 135-147 (2018).

11. Choi, W., Yoo, E., Seol, E., Kim, M., Song, H. H.
Greenhouse gas emissions of conventional and
alternative vehicles: Predictions based on energy policy
analysis in South Korea. Applied Energy 265, p.

114754 (2020).

12. Korea Electric Power Corporation. Statistics of electric
power in Korea, 2024. No. 94. Korea Electric Power
Corporation (2025).

13. Moshe Paper & Packaging Ltd. 12 oz white paper hot
cup (D02-DDY-HPCI12W):  Product
Moshe Paper & Packaging Ltd.

14. Moshe Paper & Packaging Ltd. OD90 white plastic
coffee cup lid with cap (D02-YYS-OD90W): Product
specifications. Moshe Paper & Packaging Ltd.

15. Ministry of Food and Drug Safety. Standards and

specifications.

specifications for utensils, containers and packages.

Ministry of Food and Drug Safety Notification No.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
217.

2026-24. National Law Information Center (2026).
Martin, S., Bunsen, J., Ciroth, A. Case study: Ceramic
cup vs. paper cup (openLCA version 1.7.2). GreenDelta
GmbH (2018).

Korea Paper Association. Annual supply and demand
statistics of the Korean paper industry. Korea Paper
Association (2024).

Korea Wood Newspaper Editorial Department. Pulp
imports by country in April 2025. Korea Wood
Newspaper (2025).

Sea-Distances.org. Sea distance calculator.

Jin Woo Machine Co. Paper cup forming machine,
Model JW-55. Jin Woo Machine.

Moshe Paper & Packaging Ltd. 12 oz PET cup, 98 mm
(DO5-OME-PETDY12): Product specifications. Moshe
Paper & Packaging Ltd.

Moshe Paper & Packaging Ltd. 98 mm clear flip lid for
PET cups (D05-OME-PETFL98): Product specifications.
Moshe Paper & Packaging Ltd.

Kim, B., Jang, Y.-C., Lee, H., Lee, C., Song, H., Choi,
K. Life cycle assessment of virgin PET bottles and
recycled PET bottles: A comparative study. Journal of
Korea Society of Waste Management 41(6), pp.
624-635 (2024).

Korea National Oil Corporation. Crude oil imports.
Petronet (2024).

Ministry of Environment. Pilot project for the collection
of single-use cups in the Gwanghwamun-Namdaemun
area. Ministry of Environment, Resource Circulation
Policy Division (2024).

Stanley. Transit Twist Flip Mug 355 mL. CNC Mall
Thermos Korea. New Daily One-Touch Tumbler 350

28.

29.

30.

31

32.

33.

34.

35.
36.

37.

mL, JNL-355K: Product information. Thermos Official
Online Store.

Johnson, J., Reck, B. K., Wang, T., Graedel, T. E. The
energy benefit of stainless steel recycling. Energy
Policy 36(1), pp. 181-192 (2008).

Seoul Arisu Headquarters. Arisu receives Environmental
Product Declaration certification, with carbon emissions
639 times lower than commercially sold bottled water.
Seoul Arisu Headquarters.

Min, K., Lee, G., Kim, H., Hwang, T., Kim, E., Lee,
J., Kang, D. Identifying water-energy-carbon links in
urban water sectors: A case study of Incheon
Metropolitan City, Republic of Korea. Water 16, p.
2473 (2024).

Kiturami Co., Ltd. Geokkuro NEW Condensing L10 gas
boiler: Product specifications. Kiturami.

LG Household & Health Care Ltd. SAFE tumbler
cleaner, 12 tablets: Product information and directions
for use. LG Care Mall.

LG Electronics. LG DIOS Objet Collection Dishwasher,
Model DUE6BGE. LG Electronics.

LG Electronics. LG myCup Tumbler Cleaner, Model
CAIMB. LG Electronics.

worldstainless. Recycling. worldstainless.

Hakkinen, T., Vares, S. Environmental impacts of
disposable cups with special focus on the effect of
material choices and end of life. Journal of Cleaner
Production 18(14), pp. 1458-1463 (2010).

Anand, K., Martinez Arce, A., Bishop, G., Styles, D.,
Fitzpatrick, C. A tasty solution to packaging waste?
Life cycle assessment of edible coffee cups. Resources,
Conservation and Recycling 201, p. 107320 (2024).

109



	5. 최원재 완료
	개요
	1. Ministry of Environment. Measures for the management of disposable products. Ministry of Environment (2023).
	2. Korea Federation for Environmental Movements. Finding the “ultimate disposable cup” with high recyclability. Korea Federation for Environmental Movements (2021).
	3. Potting, J., van der Harst, E. Facility arrangements and the environmental performance of disposable and reusable cups. The International Journal of Life Cycle Assessment 20, pp. 1143-1154 (2015).
	4. Cottafava, D., Costamagna, M., Baricco, M., Corazza, L., Miceli, D., Riccardo, L. E. Assessment of the environmental break-even point for deposit return systems through an LCA analysis of single-use and reusable cups. Sustainable Production and Consumption 27, pp. 228-241 (2021).
	5. Lee, C., Lee, H., Jang, Y. C., Choi, K. Comparative life cycle GHG emissions of single-use plastic cups and reusable cups for beverages. Environmental Engineering Research 30(5), pp. 1-13 (2025).
	6. Caspers, J., Süßbauer, E., Coroama, V. C., Finkbeiner, M. Life cycle assessments of takeaway food and beverage packaging: The role of consumer behavior. Sustainability 15(5), p. 4315 (2023).
	7. Wernet, G., Bauer, C., Steubing, B., Reinhard, J., Moreno-Ruiz, E., Weidema, B. The ecoinvent database version 3 (Part I): Overview and methodology. The International Journal of Life Cycle Assessment 21(9), pp. 1218-1230 (2016).
	8. Choi, W., Song, H. H. Well-to-wheel analysis on greenhouse gas emission and energy use with natural gas in Korea. The International Journal of Life Cycle Assessment 19, pp. 850-860 (2014).
	9. Jang, J. J., Song, H. H. Well-to-wheel analysis on greenhouse gas emission and energy use with petroleum-based fuels in Korea: Gasoline and diesel. The International Journal of Life Cycle Assessment 20, pp. 1102-1116 (2015).
	10. Choi, W., Song, H. H. Well-to-wheel greenhouse gas emissions of battery electric vehicles in countries dependent on the import of fuels through maritime transportation: A South Korean case study. Applied Energy 230, pp. 135-147 (2018).
	11. Choi, W., Yoo, E., Seol, E., Kim, M., Song, H. H. Greenhouse gas emissions of conventional and alternative vehicles: Predictions based on energy policy analysis in South Korea. Applied Energy 265, p. 114754 (2020).
	12. Korea Electric Power Corporation. Statistics of electric power in Korea, 2024. No. 94. Korea Electric Power Corporation (2025).
	13. Moshe Paper & Packaging Ltd. 12 oz white paper hot cup (D02-DDY-HPC12W): Product specifications. Moshe Paper & Packaging Ltd.
	14. Moshe Paper & Packaging Ltd. OD90 white plastic coffee cup lid with cap (D02-YYS-OD90W): Product specifications. Moshe Paper & Packaging Ltd.
	15. Ministry of Food and Drug Safety. Standards and specifications for utensils, containers and packages. Ministry of Food and Drug Safety Notification No. 2026-24. National Law Information Center (2026).
	15. Ministry of Food and Drug Safety. Standards and specifications for utensils, containers and packages. Ministry of Food and Drug Safety Notification No. 2026-24. National Law Information Center (2026).
	16. Martin, S., Bunsen, J., Ciroth, A. Case study: Ceramic cup vs. paper cup (openLCA version 1.7.2). GreenDelta GmbH (2018).
	17. Korea Paper Association. Annual supply and demand statistics of the Korean paper industry. Korea Paper Association (2024).
	18. Korea Wood Newspaper Editorial Department. Pulp imports by country in April 2025. Korea Wood Newspaper (2025).
	19. Sea-Distances.org. Sea distance calculator.
	20. Jin Woo Machine Co. Paper cup forming machine, Model JW-55. Jin Woo Machine.
	21. Moshe Paper & Packaging Ltd. 12 oz PET cup, 98 mm (D05-OME-PETDY12): Product specifications. Moshe Paper & Packaging Ltd.
	22. Moshe Paper & Packaging Ltd. 98 mm clear flip lid for PET cups (D05-OME-PETFL98): Product specifications. Moshe Paper & Packaging Ltd.
	23. Kim, B., Jang, Y.-C., Lee, H., Lee, C., Song, H., Choi, K. Life cycle assessment of virgin PET bottles and recycled PET bottles: A comparative study. Journal of Korea Society of Waste Management 41(6), pp. 624-635 (2024).
	24. Korea National Oil Corporation. Crude oil imports. Petronet (2024).
	25. Ministry of Environment. Pilot project for the collection of single-use cups in the Gwanghwamun-Namdaemun area. Ministry of Environment, Resource Circulation Policy Division (2024).
	26. Stanley. Transit Twist Flip Mug 355 mL. CNC Mall.
	27. Thermos Korea. New Daily One-Touch Tumbler 350 mL, JNL-355K: Product information. Thermos Official Online Store.
	28. Johnson, J., Reck, B. K., Wang, T., Graedel, T. E. The energy benefit of stainless steel recycling. Energy Policy 36(1), pp. 181-192 (2008).
	29. Seoul Arisu Headquarters. Arisu receives Environmental Product Declaration certification, with carbon emissions 639 times lower than commercially sold bottled water. Seoul Arisu Headquarters.
	30. Min, K., Lee, G., Kim, H., Hwang, T., Kim, E., Lee, J., Kang, D. Identifying water-energy-carbon links in urban water sectors: A case study of Incheon Metropolitan City, Republic of Korea. Water 16, p. 2473 (2024).
	31. Kiturami Co., Ltd. Geokkuro NEW Condensing L10 gas boiler: Product specifications. Kiturami.
	32. LG Household & Health Care Ltd. SAFE tumbler cleaner, 12 tablets: Product information and directions for use. LG Care Mall.
	33. LG Electronics. LG DIOS Objet Collection Dishwasher, Model DUE6BGE. LG Electronics.
	34. LG Electronics. LG myCup Tumbler Cleaner, Model CA1MB. LG Electronics.
	35. worldstainless. Recycling. worldstainless.
	36. Hakkinen, T., Vares, S. Environmental impacts of disposable cups with special focus on the effect of material choices and end of life. Journal of Cleaner Production 18(14), pp. 1458-1463 (2010).
	37. Anand, K., Martinez Arce, A., Bishop, G., Styles, D., Fitzpatrick, C. A tasty solution to packaging waste? Life cycle assessment of edible coffee cups. Resources, Conservation and Recycling 201, p. 107320 (2024).



