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Table 2 Summary of on-site pollutant releases
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LB 0.0024
%S 0.0031
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T RE A I T L AR ZEVR 5.56 M, FL I fHEHL Sy
1.92 kW-h, AEAH0 DX I s HE IR F-43- 31K 0.0766
kg CO,eq/MJ 1 0.8313 kg CO,eq/(kW-h). %=X, (2) Fl
K (3) HEA BB, 2.0219kg COeqs
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Aiskubr B, BRI R T A RS, eHE
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Lot —F AN T2 EPS Kitwkiek, HAy 84% Suist
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OUR, MRMEREAS IR E AL, JFERH RIFRY
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IFER WARE 5, (BB R}HEIS WG — &8 53 etk
e TR 75 B B r ikt U e (5) 1A, Bk
s S AR HE R TR 0.1243 kg COeq/kg, RIS HHE
HERCR R 1.4345 kg COeq, FHRHENER A 16%, 5B
BRI 2 F ol 6.3665 kg COeq. RI 1575 % il EPS
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e T, FJH eBalance #k {4 4% 54 T B BA v/ EPS
) GWP {ii.

®3 EPS HERBUREILAE
Table 3 EPS background data summary

Uy 2R TeHER A B TRHERCR: /kg COLeq
JE AR IR B EPS Figk + &L 3.4759 kg CO,eq/kg 1.0400 kg 3.6149
B ARIR 0.0766 kg CO,eq/MJ 5.56 MJ 0.4259
AR B FL P r 0.8313 kg CO,eq/(kW-h) 1.92 kWh 1.5961
AR cut-off 0.0002 kg cut-off
PET T4 4.0300 kg CO,eq/kg 0.0010 kg 0.0040
FTALREFRR B FUAHARAR 7.1000 kg CO,eq/kg 0.0200 kg 0.1420
PE W} fRA% 8.2100 kg CO,eq/kg 0.0010 kg 0.0082
s B B YN S 0.7192 kg CO,eq/(t-km) 0.8 tkm 0.5754
EINoREL:N 0.8313 kg CO,eq/(kW+h) 1.60 kW-h 1.3301
ENS7E e BRI A 0.1243 kg CO,eq/kg 0.8400 kg 0.1044
ISR s HE -6.3665 kg CO,eq/kg 0.1600 kg -1.0186
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Table 4 Carbon footprint of EPS products kg CO,eq
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Fig. 7 Contribution of EPS products to global warming
at each stage
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Table 5 Usage of packaging materials and carbon emissions

B R B it /g WRHER T/ (kg COseq/kg)  LCA BJEE / ( kg COeq)
EPS Fifaig 8 832 130 mm’ 177

EPS Hiflif 2781 143 mm’ 56 6.7824 4.9037

EPS [ifaig 24 482 344 mm’ 490

FABSME 1691 894 mm’ 1746 1.6050 2.8023

PE fu4% 54 80 3.2400 0.2592

FRI g 138 714 mm’ 125 3.6000 0.4500

4.3 EPS {Kiki it RE&

s/ EPS A5 (b /2 905, AR IE LA i ]
RSB B &, RICEZLAEFE YR Sms, 4520 ihk
WA . TR BRI B, PLAbBeIRZS Y, B
FEAIC EPS SRR W2 206 ) A= B ik A RB IR (
L M) AR, SIAKBHRE . KRBT A
RedR, LAw/b kR . EPR b T E Sk BT R
Tk T HEYHEE A= 17, it nl AR R (4
AP ) BACATRIERR, B RER T EPS LU
RHGRR AL 2 FEBETB B, TR A i i,
M2 ZE R AR AL /> EPS R fR, 9 iR 0 S 5 4
IR, AR PR IE B P RE BRI T R AR AR
Ko FEMEME X2 8™ 5 JF & T #5454 EPS (U
deo IS AL NER BT, MR R 15%,
(R OR R R SER PR RE . PRINGE, B 28 PR dehk 2

TR 2T 1.2 kg CO,eq™.

BT, ¢ 16% i EPS # BRI . #5766 B % 48
AR, BN R E 30% HE W R, A %D
20% ZEAT A BRHEC . X TR B M R R 4, 58
3 EPS [N A, 35 37 4k X R 5 Al 335 i)
P AR, AT R M . b sE T, ]
HENE A -l - B ISR R, HESh R A
ALY 75 S A 2 [ AV, DASEERGE IR A1
A

5 %1

ABEFEIE T LCA B, X 8 HL ™ i = ALY
EPS £ )y S 0EAT 1 AT A B R B AL B . T A X D
FARREC, A TR oy A 1] Wi 5 S5 B

- 52 -



la7ad

DE MEE, %
ET 4 & RETN MR EES EPS G5 BTG E 5 94

BERIANE A, BN T % EPS 405 7 ZE A b 2
Mo BRI ER, EPS MR HER AN 6.7824
kg COeq, FEEHL EPS J 1) LCA filk /2 iy 8.4152
kg CO,eq. TEREAAEATEMIT, JEA BRI BOX i
IR TN B . UL, SRR R
REVRZEH, RSV EREIRAE LB, KRR EPS
A 2R Bl 2 08 1 Sy ) . SRR B, R EPS AU
% [ R A% S 2 s B HE . EAb, STt AR
EPS 4 51T M, XF T/ EPS 4% b BHE [
15 FE B B R HE R HAT D M . TR, ReAT
NIAIES Sl s BN 6% 22 Y el B 7 W X Ok E A YY) |
S IR AR, DASEIAR (T s ki, iR plih
IRV A E R

S 3k

(1] W, WEvist, Befell, 55 . AEdnfa Mgt oy
B AR AR HE R [0]. IR5E TRRE AR 40, 2022,
12(6): 2148-2156.

[2] VOGTLANDER J G, VAN DER VELDEN N M, VAN
DER LUGT P. Carbon Sequestration in LCA, a Proposal
for a New Approach Based on the Global Carbon Cycle;
Cases on Wood and on Bamboo[J]. The International
Journal of Life Cycle Assessment, 2014, 19(1): 13-
23.

(3] il PEZAR A2 XU T4 (CHEAA WG2)
SRR STE AT (). HAE, 2023(12): 44-45.

[4] % =, HX&, B R, 55 BRPAPEAL S T
i D5 ST R (7] P E PRI A R, 2024, 16(1):
63-72.

[5] ROBERTSON K, GARNHAM M, SYMES W. Life
Cycle Carbon Footprint of the Packaging and Transport
of New Zealand Kiwifruit[J]. The International Journal of
Life Cycle Assessment, 2014, 19(10): 1693-1704.

[6] WIEDMANN T, MINX J. A Definition of “Carbon
Footprint” [J]. Journal of the Royal Society of
Medicine, 2009, 92(4): 193-195.

(71 RS, W K, sk 8, 5. LT AR
AR LA SR R . [ BRARIE S SRR [J]. ARl K
ol (FEERER ), 2018(1): 46-57.

[8] International Organization for Standardization.
Environmental Management—Life Cycle Assessment—
Principles and Framework: ISO 14040[S]. Geneva:
I0S, 2006: 1-2.

91 TLEEI, AN, KM, L RET MBI
F9 3R 4 2 B o SR AR B B HE TRORIE ST (0] VR BB
2025(2): 14-18.

[10] A=W EN, 3K W2, PREDER, 5. JETEam PN 1Y
AR I K 3 5 AL & FR TR A 2 B (0], A,
2024, 16(5): 43-51.

[11] PEBR, F 0%, BURIL, 55 . ZLF LCA #EHRE
TARMFAL B “LIIBAUR” XF HUAITSY (0], e TR,
2024, 45(17): 234-240.

[12] X, & BK, Bisft, 55 . BRI aral
B SR Qe RE A PRIEE R (1], B 5 TR,
2022, 32(5): 6-13.

[13] #4L, B B XOEARAE ™ 2R Ao TN
[J]. f2E 244, 2021, 13(3): 37-43.

[14] FITZGERALD D, BOURGAULT G, VADENBO
C, et al. Documentation of Changes Implemented in
the Ecoinvent Database v3.10[EB/OL]. [2025-01-
04]. https://19913970.fs1.hubspotusercontent-nal.net/
hubfs/19913970/Knowledge%20Base/Database/Releases/
Change%20Report%20v3.10%20-%2020231214.pdf.

[15] SILVA N, MOLINA-BESCH K. Replacing Plastic with
Corrugated Cardboard: A Carbon Footprint Analysis of
Disposable Packaging in a B2B Global Supply Chain: A
Case Study[J]. Resources, Conservation and Recycling,
2023, 191: 106871.

[16] BREWE, PTEE, BB, 5 . AR LA AT
R IHERL LT (], BHCS AT, 2023(18): 5-9.

(17] fEWRHT, 5% 8, K &, 5. AR 4k a
Ji] 03 o A R T k0O (0] AR AR, 2023,
44(13): 245-252.

[18] LIANG ZY, DENGHJ, XIEHY, etal. Rethinking
the Paper Product Carbon Footprint Accounting Standard
from a Life-Cycle Perspective[J]. Journal of Cleaner
Production, 2023, 393. 136352.

[19] W18 . T iR G X A0 IR AL
T7 S B STWESE [D]. Bt SRMII R, 2022.

[20] Ak K, B Ak, EEME, %R MK R
MRS Tk 0], B S 3R RRE, 2023(24): 4.

[21] BASF. Accelerating Transformation: BASF Sustainability
Report 2022[R]. Ludwigshafen: BASF, 2022: 26-29.

[22] ML FRA F . LR8I 2023 4EFREE | 4123
LR (ESG)Heds [R]. #bili: SERIERIBA AR,
2023: 27-44.

ARG, M)

- 53 -



DE €1 %= = f PACKAGING JOURNAL
2025 £ 5E 17 % 2 6 Hi Vol. 17 No. 6 Nov. 2025

Life Cycle Assessment-Based Carbon Footprint Accounting and Analysis of EPS
Packaging for Home Appliances

YANG Xuxia®, WANG Haijun®, LI Zhigiang®®, WANG Jie"

(a. College of Bioresources Chemical & Materials Engineering; b. National Experimental Teaching Demonstration Center
for Light Chemistry Engineering, Shaanxi University of Science & Technology, Xi’ an 710021, China )

Abstract: To advance the low-carbon emission reduction process in the home appliance industry, a carbon
footprint assessment was conducted on polystyrene (EPS) packaging used for home appliances, thereby exploring
optimization strategies for EPS packaging solutions. Based on life cycle assessment (LCA) theory and employing
life cycle inventory analysis, a systematic statistics and analysis was performed on carbon emissions across EPS
stages including raw material acquisition, production, packaging and sorting, transportation, and recycling/disposal.
Research findings indicate that the total carbon emission for EPS packaging of cooking appliances is
6.7824 kg CO,eq, with an LCA carbon footprint of 8.4152 kg CO,eq. Further analysis reveals that the raw material
production stage contributes 53.3% to the global warming potential within the EPS packaging carbon footprint,
making this phase critical for achieving carbon reduction. Optimizing the energy structure, significantly improving
EPS recycling rates, and refining packaging designs represent vital pathways toward achieving carbon peak and
carbon neutrality goals.

Keywords: EPS; life cycle assessment; carbon footprint; cooking appliance; packaging solution; recycling
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