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Abstract; Wastewater treatment can definitely improve the water environment and also cause other
negative environmental impacts due to pollutant discharge and energy/resource input. As a tool
comprehensively assessing the total environmental impact and also potentially alleviating the impact, life
cycle assessment (LCA) has been widely used in wastewater treatment at home and abroad. However,
imperfect and unreasonable target scoping and selection of evaluation parameters could result in unfair
evaluation results and hinder LCA development space in sewage treatment field. Moreover, the lack of
resource/ energy recovery module in LCA would always make traditional sewage treatment technology
undertake the negative name of its total environmental impact as a “pollution source”. Therefore, it is
necessary to review the LCA progress of assessment theories and methods, to analyze the application
status of LCA at home and abroad, to point out the LCA questions applied in China, and to summary the
future development direction of LCA in wastewater treatment. Based on the review, it is expected to
promote the wide application of LCA in China to realize the goal of “net — zero” environmental impact of
wastewater treatment.
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Fig.1 Framework of life cycle assessment (LCA)

FKIE M 20 fit4g 90 4EALTF 1R 51 A LCA PEA 7
25, AU LCA A 647 Mk #6477 PR 58 52 i P 43 A o
BTG KA B3 FE LCA 4 R8G5 K 4

i JALARERE S0 AT L 22 U5 20 BT S WA, 9 S
AT AR BR BT B B REAR R AT P EHE A S [
(TR REAE , TR oG O PRI 2 e 48 bn (TN R AIR AL
WEPEE R R S A AR R i A )

1t LCA P58 & g i b VE 2P R R J7 ik Al
BAF T HAFRITE A, RS- & 1 PF i 5 1k
FIAERRE ) o PRV BRI 5 35 07 i, HAT EL AN A
e LCA PN I A - P12 By EDIP Jr ik fif 223k
ik CML2001 J7 i A 5 #n 7% Eco — indicator
99 FHii #t EPS Jyikds . MRV TR Ir T, H
A E AT bl AT B A 3@ F LCA P 0 ik
ARHRAIEF KM, 40 Gabi ([ ) | simaPro ( fif 2%) |
TEAM(¥:[E ) 42, Hrr, Gabi F1 simaPro %442 H
il LCA PRI 04K , T simaPro H 284/ 5
TR A0, 7R LCA SEBRI A I B 32 0, ik
S AL TTHTREEPEM A LCA 5k fF GREET JF
TECHEAR AR openL.CA , KR 4L T LCA SR
TiFE, Bl E RS FXT LCA fF5E Bk & i, 3 FE
THUG T ARG B AR TT RS, H AT B N B o B Y
LCA I e-Balance , H; A& 18 K % ) o 5 4
EU B SN Bt 30 L A e P £ i
L Ah B oh s R R 8 5 808 1% D BB ELCD
( European Life Cycle Database ) %% #i /& Fil i -
Ecoinvent $C 42 5 [ A B AR 3R )5 28 0T 2% 8 AH R
B4 FE CLCD ( Chinese Life Cycle Database ) , i3 [H
LCA BFOFFESR ML 7B AR S o

WA TF LRI LCA B EEA FAR IS 2 T AR AT
M P B A AR T B L 29 [ g 578
A 5 18 0S8 T I AR AR AN S R . 54N, Y5 K
b F R = AR — A S AR AR, Hogh
AR A A R FEXE DAAE RS LCA B4 rh A5 2R 3
Rt E AN RS 243806 T 7K AL 3 Bl g 2 B A
51655 LCA PR ERIARSS &, T Ry 75 7K A B A3t
BOHER RSP AESE . BN, A ORI K AL B
i E A HE ik 3 A B R BSM2G ( Benchmark
Simulation Model No.2 GHG) 5 Gabi 454t ] , 76 5
BTG KA BT ARAT T, 2T T RCHERCR IS 1
BB IR PP 2 R
2 FRAFEFTR AR EDAE LCA 49 5 A

A 5T 5 7K Ak B A v B L BE DR [l 2
A KRB, EAT FREE R i 1 3l i 78 LCA
P S 2N A . PR KR — AR H

- 33 .



%365 %18

T OE % K H K

www. cnww1985. com

19, AR Tl v K (el RER AL E R oW K 55,
JRA 7 R K AR S T 3 Ak R K & o A AN
B3 FORE K R R dE A LCA PEA K a5 K
J AR R, 2 K R R IR 70% B (8] ARG i
HRIH B RIK AR 7 3R A5 B IR EE 8 8 (B HTH T84
15 7K R B A B e B >R 1) IR 52 ), e AN 2 DAHK
TH EN PRI 52 M 5 BV Y [n] B %2 100% Bt TG 35
FH | g AGE T LCA FEM T 76 BE 4 575 K b
PRI V57K AL K o] 2o 2 , 25 S 3% B 7E S 7K 7501
T RGO IR I FEFE bR R 1, U DA B SR Sy
2977 KYEUR, H H A BR85S i 5 AR AR SR 9 E A
X FHZE ) B, AN AN P A K R AT AR 55 5 T U
ARG K W - B IR MR o

TEVG U BEIRA Jr T, — BRI A8 AL sl 3R b2
ALER AR AL B[R] Bk o] DL Rlch ge AT EE , PATRER
15K AL BB AT REAE. A AT U8 IR A Ak AT
LCA PEMY, R BEAS A v AHRIE 15K ) e 5 e U5
(4 47% JEARBEREIB R LB T H I . RAIN 1L
BIRT LA T i5 e &, (HA 5% B 50% ~70% )15
VWAV, A ToH B 2" MR LT, 5 A5 A
DIBEREmIAL B o 15 e 38 B nn 75 2 k1T T b 21,
X — i PR ST FE R AR TR . b B AR AT LA
15U ML = A 3RE  (H R A o PR AR T AL Bl
P4k 2= Re , BV [ aR A B 58 e P et R
XMEVRAMIL AR5 Je T AE N RIS F TR 2. Xl
PRAE XTI PR V5 K AR IR AR A T R RN . EE
W5 BN, V5K E 5 AR 55 12 B8 43 31 V5 7K
TEHERY 90% F1 10% 70 Al WL, FdE V5 K SRE R 7E
PR LCA PPHY AT RE 25 K K 15 K Ab BT (1 3R 5%
CRA 2 I i - 7 B RN

A 157K AL FRGE IR DS LCA PEAf A 7 o 2
LT XWX — AT AR SRR O . R HETA
FKeT5 7K AR FRBE (RS A B FEAR 22, H I8 T A e e [T i
PTG KA EE] LCA TR R Z b B e TS Kb
IBELEA R 5 T D8 VE R RE AR B, St el
WM &, V5B K 43 v [T RA AR T bU e b B ot
FEC Gk 50 3 W ETR A W) [mIfionT 3 A5 5
3 ) R (AT B kK TP B 70% ~90% ) '™
UL, B T 55 PR s b LA & R AR PRI
WSS K S w] FEAE b4 26 77, AT DLt — 204K
VKA BRI BR LR A R . 4 A Sl D % T
%5 A LCA BEA .

3 A LCA R K-
3.1 B#eH

E AR IS B SO A~ LCA PRAL b i 2 16 46
BV HAR 15K BT BAR U N L, SR
(9 B0 53 TR R LA K e 5, K O 28 5, A4
T5PRAR B Ak B G REAE A 5 45 B AR P [0 23 T 1 5
RAFRIEBL BT AYRER 3 B BL [ A SE PR
I LCA P {5 /K AL BRI, 04 5 IR BRI IR ER B
BB i PR BER M, R o LCA PN U S b Tia
P B BEAEERNE , 3 Rl i PRAN 32 25 T IR A
WL IBAT B BER SR W 8 8 K T i B AR ER 2 B
BE o AT ANTE LCA PR sp A0S /K b 3Rt T
i s TYE AN S s R B BOIEA TR e Hr , I —
AT 4R Bk B B IR T 22 R B B BV A
LCA HIF L2l At AU ig i 17 B Be A Jo vl &
IE AE Y AT B 5 K AL B BRI AL I, R
FIPRER B B HCBORE 22 (PP 25 A v P R AR
PR TG KA BT R K B T

BeAh, [ AR s> LCA B b 30A 4575 e ik
AN E SR A PR R, A A G Yis
AN AR FE I HE O A TR TR AL B AL B AR
g L FRBE Y R R U AT A RO . eI
IKAE B 2R G LV 4 455 45 e Ak AL T A XA A RE
(B sz S e GRS RN TINGI K AR
3.2 IhRERfr

Hifig 537 ( Functional Unit, FU) J& F TR 51
I HARBORFAE A, 228 H A A R PR X RAEA
[l A i A O T SR [e 2% R, ik
W Eh RE A e 1 R — 5 B T EE P, DLARIEAE AN [F)
W R G CUnge p sy A B o A4 BT
ZIRUK BB LR AT LA AT A A

HATE N LCA PEA R JLF- B A 2 RS 7K A
BRORFE N F A DR B AL, s m’/d \m’/a 5 LCA
AL BTG K B o SR, AN ] 58 Bl E 7K A AN IRAH
[Fl , A BRI AT 22 55 24 1 2 A TR s 7K HE T o
I, A )95 K Ak B 2R Gt Ak B AR BR 75 7K BIr i B A
WES AT R IR B RGE LSS . WRIHNH
AR AS o B A B AT 7K AR PR B R S8 Y L 3R
SEROMR X Ph 25 5 AR TGk B (R AT AN
15K S8 LLA I, AR R S FU JFASBE S ik
TG K A FAL B TR AN R, S BB A 25
RHBRE . W, A5 (PE) 78 F 2Nl 7 g

«34 .



www. cnwwl985. com Z=

Fo 5 kA B IR R TR P AT RS A

%365 %18

TEDIRE AL FU, — R I3 BODs H 1 i ( & 35
[ %X 60 gBOD;/d ; rf [ K HiAth % Jié v [ G B 40
gBOD,/d BOAE ) M ARBURS A M 2
] PRy 4 R N ISR S N3 B HE K AR A
FU (50 AR P 08 5 3 A AR e W A 16 T
IKAEFEPEA, DR 4% [ A 355 7K S5 20 18 [) BU(E s A
—RE L AN, EANEA & T R AL B AT
Yul SR I% FU, 41l COD-eq % PO} -eq %5, 3 A
FAURFRY 5 5 - M HEBR B K K TS [R] A R 1) 2R
Gioe 5t AFAF PR 45 5 o 4y M B et LA [) A B R
G T2 SRR RIS
3.3 HiEER

FEBRE BT T [ S I AR [ Ak —
£, B AHE TS K FS P8 b B AR b A B REHE L (i
CO, .CH, \N,0 .80, %) D\ R Ab B 78 Br 45 A B REJR
FPPERF e B R HE i . AN R Z A2 BT
] P S RE TR A 7= 4 ) S HE TR P i R
PEAIAN I8 35 , Rl B 57 85000 5 5 Bk 3E Ecoinvent il
ELCD 58504 BEAR FE 22 BE A /N

HR, AR T AP AR B, 32 R
AR E ARG T b — S 5T 20 T84T B Be CH,
BN, O S5 = AU Bl — 2695 )2 CH, FIN, O 1155
AT FE WIEABAT 51 PR3 7, S BOTAN 45
SRR ; A Lo 58 1R A B R
[ SN2 B HE R 1, T PRI S, B0l B4k
PRGN AFE R A . #E CO, HERGTH5 I 1, K
DL [ P9 5% >0 1A i N COD R 480 1 4% 1k Ok 1Y
CO, RN, H AT BT AR HE O 50 2
SR, Bl A6 I 7K P A W 42 1, 38 3o 3O PR T R
("C) I 50 RSP B R V5 KA AL
Pyl e (T Ak ™ b i s R AR At
25056 ) B BT o G e] R TOC 143 1) 28% , 1
I =AY CO, BLHEHRRCER (TG MET5 IR wT 4 %)
TOC 3 CO, HEMcE Y 13% , Fihm b5 R A 1k 3
CO, HEMC W J2 miik 23% 1 R, 1k 47 B CO,
BELHEHERCR AN 2 /N, 2 5 B HE TR0 B335 o
H HTZE E N LCA PEA v T 2 1 3 — 3B 43 B 5% HE
TR B AR DBk A B

T30 AR b H R N B R T
YLWIFhE (40 PPCPs 45 ) 29 A LCA P4, #HELZ T,
AN I EL TR T AH2E LCA SR IEST ;A Gl it 5t
ORGP i ANNE K PH RE G H 25 AN 5L 42U 4E ML 4

JEHE T2 2:k PPCPs () LCA $F4 #E T Ho 48 T LAl
TEMMHE . Bk, KR LCA 35 #5Hr
T B NIKBEHLR
3.4 T ETFIEE

TESEPR LCA PRI v, &R 73 WH 58 5 R I
A LCA PEAS A, [, ZEPPAN J A v R N B
AIHERC R TR BEIR YR 155 . IREERZ MDA 2
SKF % ROV W (GWP) T HZEFT A LCA i
M4 7% 18, J& T a2 i 20 s BLH., GWP 77 AE
it TG Y BB RE P AEBOR T g , B
RERRALACRE L )2 — 8, A EAR IR R
S DI L X o HU , A R BT S 26 1],
IKIRE B AL WG B8 (EP) IR K A A 5 1R 16 g
(FAEP) |l A= 55 PETERE (TEP) 25, A AE 2> X HE
TBCIRAE B 15 YW AE A [R) BR B 32 448 1] 5 Hiy ol 2 4
SRR ZS R G BUBE T A BT AN ], R, 5 AR A
R LB AT 3 0
3.4.1 FEALA T

FEAEAL IR 7~ ( CF ) 3 BN 1385 52 Wi i ik AL 25
PR A e TR T RG] A DR 23 A5 R Y R
JEE SN AEAL PR, SR i 2 192 95 [ ICT 2% W) 3
BRSSP A 7 AR AT S S N R R N
CML2001 .EPS ( & #) L)L & Ecoindicator ( fif 2% ) , F
] T 552 B2 v IR AT R TG HR AR AE DY B 3 56
Bl [EAXST LCA PE4r ih A SCER B2 i 1 H K A
T X Al Ak A H A TS, T SMYF 5
HR O IRy TS LA, FE AL P TXF EP
BT XIA R 75T, e 252 R E L P PESF A
FE AR E 200 R 4% B A ¢ EP 52 Y X4k
FRAE R 75 A0 HA DE iR &, 0 lime ( H AS) |
TRACI(SE[E ) Al LUCAS (in 5= k) o 13X 3 XI5
TLRFHE R FANA T
3.4.2 H—fLH T HE

HY T 24 fE B A — , AN R PR 5 ) R AE AL 25 2R
Z A ANBEAH B MR, T E AT 0 — A (e N 1k) J5
A RERE— L BT, IH— A B A & B 5
Wi FEAE AL 45 2R -5 PIr e B I3 — A6 I 1 Z LU AS 2 TS
T AR I — A TR T SCOR i N g A R AR
PRI B B ke MR/ (A - a) 11, HAL
B PN e o P RN ES PN S B f S i 557 i g =
AR 45 5 T E S bR oA B s A A
I, A REfRT B I E SN — b 7, X & S BURZ 1T

- 35 .



%365 %18

T OE % K H K

www. cnww1985. com

CRAE ST Ei i H 7

FEIRBE 5 A EE 43 B 7 T, ISR B 45—k
J 2N AR [, S 8O i 5E ¥ R 2 K
SrMrik (AHP) #EAF AL AL E3 5 7 o
I VTR 2 T 3 45 3o A 8 O, R
WaseHe N ENA AT 3R E SN
AR R R R 77 20 T ) PR R 0 1 X
WAL T ZERRE I 45 R AN e 78 AR L SEBRIE L

TR Y 75 K AL BE LCA FEM 7 56 1 30 15 5% 1)
FRAEAL B 7 X3 AL (A8 4k BF 5%, 3 4 4 52 R ok
A R AT Y BRI A T AR DGR RIAL I, 45 31 5
B WL [ S PR TS Yok L I RRAE AL R o ok, ok
SRR R 0 — AL P RACE PRt g — S
% UMABEA KRB S AT M2 W) LCA PEA .

AR, EAMIF SO LT 5 S A TS AR
FASS G AR SR ST LCA FA45 Gk PF 5 K Ak
PRIERR XA IR E NG KA B LCA PR 4L T
—ASH IS, R, K sh SR A S
LCA HESAAZE A, T KB X V5 K A BRAG L 1T PEAG 4K
PR 2 KD AR RAH 58 8 5Tl N A 75 7K Ak
B LCA PP TAE. S utRl e, LA LCA fE4E g
AL IR REVR [ SO, AN 2 AR R B
HEATAH SB35 B PR AG 5 K A BRI B
S Y AR, DT HE 3 B8 U5 L BE VR el b, (g
15 KA AT AL 5 T A R o
5 it

G i S BV E SR Ry AR TR e e 8 5k o
B TEVG K A H A R AR B T — o W R . il A
LCA IREE52 0 PF 0 LA 3 FEA 75 7K A BT %t
WA LR G R, IR R LA AR T2
AR Z I IR 4, o T2 B Akt 7 =X
FEAERF2 A

LCA 7ESE B3 b FH 2 A8 v 7 9647 DR 52 3% 5K
#E ORI R TR S SR SR S SRR &
FEOFM AR 5 R WL PR — 2 QR # 0E
TR (B%) BEVR (FAHE) Mgl A LCA PEH I 78 AH 1
AL B s @ FE Y LCA PRAN A 5 B AEFEM Y
Rl oC ek ThRE 7 A BRI B 1 PR o s 1k, DL
DX 3l i PR 22 3014 4 T R IR A SR

LCA A AT DA %5 WL 48 7 175 7K Ak B A9 38 5 5% i)
SR AL GE TG KA FR R V5 Y1 3k AR A ) A

R O — DREE AR 1M DA £ B — B KR
BE H A, 28RS KRR - K - R A LR S)
A SRS, I3 PR 7 SR S Bl e /MU
PREER A, A 5 o B RE VR 1] Ak B e - AT
HEERAR

SE
[1] Zang Y W,Li Y,Wang C,et al. Towards more accurate
life cycle assessment of biological wastewater treatment
plants; A review [ J]. J Clean Prod, 2015, 107.
676 —692.

BRRAR. T57KAL B T 20 A= iy 5 S99 3R 358 52 1) 43 A 5 L
BID]. Kif: KEH TR ,2015.

Zhao Chenchen. Analysis and Comparison on the Life

(2]

Cycle Environmental Impacts of Wastewater Treatment
Process[ D]. Dalian; Dalian University of Technology,
2015 (in Chinese).

AWM. TR EA: A PP (LCA) SCRRZE IR B
E oM R B [ T]. B k2P 5 %) 5, 2013, 30
(6):155 - 160.

Zheng Xiujun, Hu Bin. Domestic literature review and

(3]

the latest overseas research progress of life cycle
assessment [ J ]. Scientific & Technolog Progress and
Policy,2013,30(6) :155 — 160 (in Chinese).
[ 4] Amell M,Rahmberg M, Oliveira F et al. Multi-objective
performance assessment of wastewater treatment plants
combining plant-wide process models and life cycle
assessment[ J ]. J Water Clim Change, 2017,8 (4):
jwe2017179.

Pintilie L, Torres C M, Teodosiu C, et al. Urban

[5]
wastewater reclamation for industrial reuse: An LCA case
study[ J]. J Clean Prod,2016,139:1 - 14.
[ 6] Blanco D,Collado S,Laca A et al. Life cycle assessment
of introducing an anaerobic digester in a municipal
wastewater treatment plant in Spain [ J ]. Water Sci
Technol ,2016,73(4) :835 - 842.
TRIEH, Jr Ef, 222, 4. V5oKER T RS AT RE T AT
[J]. HEEKHEK,2018,34(10) - 11 - 16.

Hao Xiaodi, Fang Xiaomin, Li Ji, et al.

(7]

Analysis of
potential in carbon-neutral operation of WWTPs [ J].
China Water & Wastewater,2018,34(10) :11 - 16 (in
Chinese) .

[ 8] Egle L, Rechberger H, Zessner M. Overview and

description of technologies for recovering phosphorus

from municipal wastewater[ J]. Resour Conserv Recycl,

- 36 -



www. cnww1985. com %=

G B BRI AR T AR AT P B )

%365 %18

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

2015,105:325 - 346.
. HT LCA BT /K AL B AR S8 B SR TR i -
B%:[D]. R - RIEEH T R2,2016.

Zhang Qianyun. Research of Environmental Impacts
Assessment of Wastewater Treatment System Based on
LCA[D].
(in Chinese).

AT, BN A S KA R A i TR A
FANR L5 KA PR GE 0 RS 52 00 LA 3 e [T].
JKGETEARD,2014,30(1) 90 —94.

Huang Xiwang, Luo Xiaoyong, Li Yi, et al.

Dalian ; Dalian University of Technology,2016

Life cycle

assessment of a wastewater treatment plant and
comparison analysis of environmental impacts of different
wastewater| J ]. Water Resources Protection, 2014, 30
(1):90 =94 (in Chinese) .

XUEH. A A 3 £ 35 K A B T A )
i [ IR ZEAF T ,2010,28(3) :54 - 57.
Liu Zhiyong. Life cycle analysis in environmental impact
China
Resources Comprehensive Utilization, 2010, 28 (3 ) .
54 —57(in Chinese).

Schmid A G, Tarpani R R Z. Life cycle assessment of

LT

assessment on wastewater treatment plant [ J ] .

wastewater treatment in developing countries: A review
[J]. Water Res,2019,153.63 -79.
Lam L, Kurisu K, Hanaki K. Comparative environmental

domestic

J Clean

impacts of source-separation systems for
wastewater management in rural China [ ] ].
Prod,2015,104:185 - 198.

Yoshida H, Clavreul J, Scheutz C, et al.
data collection schemes on the life cycle assessment of a

Water Res,

Influence of

municipal wastewater treatment plant [ ]J].
2014,56:292 - 303.

Law Y, Jacobsen G E,Smith A M, et al. Fossil organic
carbon in wastewater and its fate in treatment plants[ J].
Water Res,2013,47(14) ;5270 - 5281.

SOARME. TS KA BRI AR O A S A
RVATFELD]. M 7RI Tl K7, 2017.

Chai Chunyan. Study on Greenhouse Gas Emission Law

/\{

and Heat Island Effect of Urban Wastewater Treatment
Plant[ D]. Harbin;Harbin Institute of Technology,2017
(in Chinese).

Tarpani Z R R, Azapagic A. Life cycle environmental
impacts of advanced wastewater treatment techniques for
removal of pharmaceuticals and personal care products
(PPCPs) [J]. J Environ Manage ,2018,215:258 —272.
BUNG AT E, ERAR 2. AR A PR e S

.37 .

[19]

[20]

(21]

(22]

FET5 K AL PRETUR I  FHE35A [T ]
(4):118 -122.
Luo Xiaoyong, Huang Xiwang, Wang Dawei, et al. The

b TR ,2013,31

theory of life cycle assessment and its application in
wastewater treatment [ J ]. Environmental Engineering,
2013,31(4) ;118 —122(in Chinese).

Gallego A, Rodriguez L, Hospido A, et al. Development

of regional characterization factors for aquatic

eutrophication[ J]. Int J Life Cycle Assess, 2010, 15
(1):32-43.

Henryson K, Hansson P A, Sundberg C. Spatially
differentiated ~ midpoint  indicator ~ for  marine
eutrophication of waterborne emissions in Sweden [ J].
Int J Life Cycle Assess,2018,23.70 —81.

EAE, AR B, AE TR AN - A AT
SRR L] PUIEREE,2015,34(2) .97 -
103.

Wang Jianguo, Tang Lulu, Xue Feng, et al. Life cycle
assessment of membrane complex treatment process in
wastewater reuse [ J ]. Sichuan Environment, 2015, 34

(2):97 —103 (in Chinese).

. A R PO TR T 9 A Ak B PR 5 R A
SIMTRIIRIAI D] P9 YR SR R A, 2010.

Ji Qianqian. A Study on Environmental Benefits of

Urban Wastewater Treatment

[ D].
Architecture and Technology ,2010(in Chinese) .

Applying Life Cycle

Assessment Xi’an:Xi’an  University of

YR 8 91 25 3 (1977 —

) ﬁ TT#E N, LM

T, S U, B9 5 W) R 5 K 55 O
R R A B SO R R KT AR
L SF SR

E - mail: lishuang@ capitalwater. cn

%5 HH7:2019 —10 -23



