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Fig. 1 Circular economy in RO membranel']
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Fig .2 Waste management hierarchy based on the 4R principle
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Table 1 Regular chemical cleaning methods for end-of-life RO membranes
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Fig. 3 Chemical cleaning process diagram of end-of-life RO membranes

1.2 B{ER

FHEIA 2K K IH RO BREAT I T, A sl At = S SO R AT A A o T8 F (885 3K RO I, AR
0 S 2 75 Ok B L5 B e 0G5 M, mT DA 23D BRG0P 0 TR 422008 A1) F 7 e 2R TR L3230,
1.2.1 EHEWEAFH

FLPEAE A R A A B A M e s M G S, 33 Ak 730 2 B e £ MR R TH RO Y PA 3k
#JZ, P43 EA NF 50 UF SR 2 LA, WK 4 fos. e PR T840 a0 B 5 AR
R RE, BFFLRIL, LSRR IH RO IERED T sebrdz = H A — e M E . Garcia-Pacheco 55101
T 8 S iiRliE& 0 RO B, 737l H NaClO i i Ui &40 451 0.124% ) TN (BT &40 41 1%) 5 N-H
HE-2-MEn BE ] =40 1% ) HBRIER PA )2, 255 R IIAI I NaClO 3 Ae % 1 35 58 = 7 AR I 032 7K 1k
Ao M AREMIR NaClo. IR . 7o M AL BE L IH RO I, 255389, NaClO &
AT R AT, A4S RO MR A B /N T AN BB BRI SR e e v
Coutinho de Paula ZF*21@ i SZIGH 78 KB, NaClO /K Bt KMnO4 /K B A B S B ik 24 fa e v, 9t
HoESFHXEEL, FEHT LN, wLE— @R Bb K r=4E.



bEE S

N
= OO O .

R ALy S R FE 6] KRB

%m&%@/ >

R
K 4 JZIH RO B R AR s A

Fig. 4 Schematic diagram of oxidative degradation process of end-of-life RO membranes
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Fig.5 Framework of life cycle assessment of RO membrane at abandonment stage
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Table 2 Life cycle assessment of RO membrane at abandonment stage
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2019 PS 1/~ 8% (L, KK Ecoinvent OpenLCA ILCD- 1-16 AR [64]
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Fig. 6 LCA system boundary of RO membrane at abandonment stage
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77 R EC 3R S B AU I S T A P RN E S B, X EE BT DU Se 58 = S0 . tH AR )
AR EBEREG (20 B (D FREE, Wit L) mEE, GRS R R DL AR



SN2 AR E BB, ZCE PRI T TR T RORR T AR IR (3) XA ki
P PR FOZME AL P AT IBOR (4) SRERRIG F AT L2 PRI N i s s (5 18 3RS s 45
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A SR (Life Cycle Impact Assessment, LCIA) S5 e e m i, —Bah
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2001 A1 ILCD, ReCiPe2016 .7 7 B Z [ s gm0, AIEABRARRE . K EIETHFESE 18 Fh2, 2
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Research Progress on Life Cycle Assessment of End-of-Life Reverse

Osmosis Membrane

HUANG Siyi, LIU Changhao, FENG Yingnan
(School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 102488, China)

Abstract: Reverse osmosis (RO) technology is widely used in the field of water treatment, and plays an important
role in desalination and wastewater treatment. While the scale of RO technology is expanding, a large number of
end-of-life RO membranes are generated, most of which are disposed of in landfills or incinerated, causing
environmental pollution and wasting resources at the same time. The current methods of managing end-of-life RO
membranes, including reuse, recycling and energy recovery, were outlined according to the waste management
hierarchy. And the current life cycle assessment (LCA) research on the abandonment stage of RO membranes was
analyzed based on the LCA framework. The results indicate that the management of end-of-life RO membranes
improves the sustainability of RO desalination, is an effective alternative to landfill, and is an effective way to
introduce circular economy into RO membranes. Currently, the LCA for the management of end-of-life RO
membranes is still in its infancy. It is urgent to carry out the life cycle assessment of emerging end-of-life RO
membranes management technology, as well as the comparative life cycle assessment of the management of end-
of-life RO membranes.

Keywords: life cycle assessment; reverse osmosis; membrane; recovery; circular economy; sustainability;

environment



