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Environmental impacts of southeast coastal rural domestic wastewater
treatment based on life cycle assessment
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Abstract: Wastewater treatment systems are one of the largest sources of greenhouse gas emissions in the world. China has an extremely high
wastewater treatment capacity, but the level of domestic wastewater treatment in rural areas is still low. While the environmental impacts of urban
wastewater treatment plants have received widespread attention, the impacts of the entire life cycle of rural wastewater treatment systems remain
unclear, and the potential for pollution reduction and carbon reduction has not been studied systematically. This study took a typical wastewater
treatment system in a Chinese southeast coastal rural area as a case study, and adopted the life cycle assessment method to evaluate the environmental
impacts of the whole process including construction, operation and demolition, followed by scenario analysis to explore the potential associated
reduction in pollution and carbon emissions. The results showed that the global warming potential of the system for treating each ton of wastewater was
2.19 kg CO,-eq, and the three stages of construction, operation, and demolition accounted for 29.9%, 62.3% and 7.8% respectively, mainly due to
added chemicals, consumed construction materials and electricity consumption during operation. The operation stage had the highest contribution to the
three endpoint indicators of Ecosystems, Human Health and Resources, and the construction stage had an 18.4%~39.0% contribution to the endpoint
indicators. Compared to the centralized wastewater treatment system, the environmental impacts of the construction stage of the rural decentralized
wastewater treatment system cannot be ignored. Sensitivity analysis showed that carbon emissions from the system were more sensitive to the length of
the pipeline and the recovery rate of construction waste. The scenario analysis showed that the clean power scenario had the best potential for reducing

pollution and carbon emissions. In the future, if the wastewater treatment plant can materialize sludge recycling while using clean electricity, and
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increase the recycling rate of construction waste, the system can reduce the maximum carbon emissions by 55.2%. In addition, the system can reduce
the impact on ecosystem quality, human health, and resource consumption by 36.2% to 61.7%. This study is helpful to provide a scientific basis for
further improving rural human settlements and reducing pollution and carbon emissions in rural areas.

Keywords: life cycle assessment; wastewater treatment ; greenhouse gas; reduction of pollution and carbon emissions; rural areas

1 5|5 (Introduction)

T8 T3 9 AT R TR0 58 36 1 Rt TR0t oo DX 0l e 28 O Hi 8, R 0 1) 75 /K Ak BBt A 1 S B 5 [l T 4R
% J& AR (United Nations, 2015). A4 B A BRES TORBRARAT IV (R, 2017) , Horp {5 K AR BT #E
AIRYY 3% W HL ), FOR & SR HE I 20 5 Y AR S HERCR 19 1.6%, H. CH HRBCE 5 42 Bk ACh CH, HECE (1)
5%~8% (Song et al., 2023) , i) {Z A JE @Bk R 1l 2 AR HEIE Z — (Lu et al., 2018). =TI
HE i 38 A PR () R G S T AR 4% B B VD OGTE (1 2RI, 2014) . T 25 75 e W) R HE s 2 A s B2
[Fi) R [ 95 A R, B ) e D e e 8 1A T 0T e B B 2 T 2 U Jre A T g (0 B U ) SR 456 PR
THIRT5 K AL PEZR GE I B S AZ S, 325 08 LB IlHEVE o, xS S [ 8 00 AR RN i b () 384 5804 T 55
BAHEZEEN.

SRR G, A B 75 K b BREE B R v b R A ek s KA B RE ) e R E R Z — (R T,
2016).2021 AE3R T 5 K AL FRA T3k 97.9% , (EHAUA 29 27.0% ) £ F 62.0% 1 il FELAE 16 75 /K A9 31 22 B U A Al
AbFR (e A RIEANENAE 55 Al £ @i, 2022) , KRR AR 16 15K EAEHEA B AR, 25 KA & B3R
SEPRE IR . B RTATIR A IT 40% 19N I AR AR AR A M DX (Rl 55 B 2 LI N 1 3 & LS/ NIV A 2
2021) , Bt finsi R A 15 K A 8, BURAR R AT B AR SEBm 0 75 7K Ab BRAEAFN T 20, J2 s A A BREE 1Y
A

AR, A A T A PEAT (Life Cycle Assessment, LCA ) iR 5232 00 B4 DA% 15 7K Ab # Z8 58 P4 55 52 i 2k R
SCHE T H (Francesco et al., 2022) {0 H i # Jo ¢ T8 i 2UR 73 8 Ab B R So M 45 52 i A 25 1 2 18 . A iF5E
M, AR rh A B 28 G0 BE B G 4 i R KRR SR HE , TR, 7E A2 S R e i O T 0 T o0 WU AR B AR 4
B4R AR PR Gt T HT 5 K B TR, P IR T ARy T RA S R . X T IR 55 9 R/ N AR R s X
AR PR R GE PR R B AR (Risch et al., 2021). 5340, 1 T iz A7 it A8 rp ¥ 7K I P48 JHOF A0 B 1Y) 2 REFE
A A Ah 2 2R e AE AR B XU 0 5% 5 AR T A R 45 T4 B Al 21 2R 48 (Romeiko, 2020). 38 A A5
W, B RE R DS ) 43 G 7K A 3 2R Ge AR A T A% G i 4 vh 24D 3 ARy J R A2 3R B AR 24 20% , HLFFAE 7K
A b E R R OR , TR AN AR K BT IR . A TR R IR BRGNP A A B SR AR I HE T
D7 I F A (Arias et al., 2020).

— MR, 15 K AL B AR G i BT 7 A 0 BR B S i AR, 12 AT B B R MR PR B PR S e P Y o L
#5134 90% (Elorri et al.,2014) , AT 5 LCA BFFEH L35 B BOHEBRTE R GE i A 280, SPFBRBTBOAHOCHE B
/DIl g AR Iy RORE QnAn] 52 ) 2R Gt 1) I 455 26 P A AS B B ( Corominas et al., 20135 Ye et al., 2021; Orner et
al., 2022) AHJE , X T RN H R IR %% B2 AR 19 75 7K A B it e 156, 8 38 B BORT B 53 52 e (1) o LU P e T
(Corominas et al.,2020) , W54 1 G R A1 FH 0 43 15X 5 7K b B 22 G i T 5 3R B, A 33038 it 118) RIS 2 52 e P45
FEIL Y E 2 K 2 (Kobayashi et al.,2020). A W58 &I, 15 7K 8 18 A B i PR 52 0 £ 0K A 3138 it 1 2 o
BT B B 1) B2 ) (Risch et al.,2015) , 5738 1Y 86 R 2 SR HERC W E A 3 K 5 #k (Hendrickson et al. ,
2015) , PRIt , 23 BT 7K Ak B3 2 et 3t B Be i) BR85S 25 200 ARk, 3R 223 TH IR FH LCA Y J7 k)
15K AL PR R G AT VAL (E R b, K A S EI2 17 B BE PR 52 1 (Wang et al. , 20125 {E#4,2015 ; Zhang
et al.,2020; BT, 2022) , AT /D ER M WE 52 BE 56 B 75 JE G G2 47 FRER 31 Br AL, 20125 1] FH,
2019; = A W45, 2022) HIX LERFSE 325G T v BT {5 K Ab B AR G, 6 R A b DX 18 B T5 K b B AR 42 1Y)
S R AT R G T IS BEA BZ (Lam er al.,2015; 5875 , 20205 K445, 2020) , L HZ L T 57K
Aib P 5% 258 2 il ANATR 53R 9 B ) PR 5 5 00 A SC AR T R I Y0 9 AR AT i X Y LR 35 K Ak B AR G R BIF SR 42
R4 R i P S A PRS2 ), A SR RE N DB TE B R 15 7K AL B 2R e I S (T g L £
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SR 222 F RN T LCA D7 3P Al 17 157K Ab B AR G i IR 58 R B B — Bt Bse CHRE 5 K AL I 554
WG RGN R G a3 E B PR als e AL 8 A ) FIPREE 52 M 28 031 (AN A 22 4 | - B 45 ) 119 38
PRI 2) TR AR R AT H P . e SR i AR MR L5 5 25 JER TRl T 98 B LR, 53 LCA X HEOR I 1948 S 80h
H R (Corominas et al.,2020). 3 [E 1E IIERAEA A Hb X 2 %58 3 1075 KA BRI AR 55 248 (Qu et al., 2022),
PRI , AR 5 08 11 AR T 1 T AR AT b IX 80 17 23 BT 7K A B 2R G I Je A= i TR PR, PEAS bRV 77
DL g S R [ S AR 24 AT B[R]0 T Btk H bnf AER A 4K 4 .

2 WERFE(Methods)

21 HiRMEEHE

HR4f B A4 [ 22 48 AR A 1 15 7 A FRHE OR A %) 2 il U B, % AR AT 7K Ak BIE30  3 R FH Ak B
CRE M 3875 3 55 ) R A W (TG M35 8 \MBR 45 ) AR ES G 09 07 2, 28 1 7K 0 £ 75 6 T g ) el D 75 3
AASVE CN TR M R 4 ) 1 — 20 A B B B 3l i 2 05 75 KA N At R I i PR1 ol b SR TS v 2
SR IR A MRS A TR 5 A SR A 45 A i R B T2 AR A A 3 15 /K IR R TR v
30 FH A0 JLRP 5 7K A BRI it AT A R e — AR Ak 75 7 A BB i | A 2 Ak B 5% it TS B Ak A B 14 it (5
2021). Hivr, — Ak 75 7K b R % 0 T 254 A/0 .SBR .MBR %5, Jf H B B A 5 Hb R/ L HY 7KK B 4
SR AN A8 32 5 DR (B 55, 2022).

AR S AIF T X5 G2 g v ) 2 B V1 T b X () AR AR A 16 5 K Ak L 2R 45, 30 R A 3 P i X AR AT ) Rk
T FL R AR HE K B BRI 3k T /K Z AL BE R GE T 2015 AR R IR A, e b BEFLAR A 150
m’-d", ORE BT Z2AF , I, 7K ATl 2 i A8 AR A 15 75 7K A 388 it 7K 15 G W HE bR #fE ) (DB35/
1869-2019) 1) A ki, HLIZ I H 345 T A 838 “2016 4F v [ FREEIE F14 7 R A9 15 KA BEAZ O T 50
“HTRL A Bt K 2 B AJO R+ R AR R R A AR SRR HUOR IZ AR LR A T AR 15 KA BEAR E PR 1Y
FWMEARMTZ, SE5HN— R R A L, 43 Brilt K £ Bt A7O B XA 2 b 15 7K, ASARE fie AR B 1 A1
S5 Kt A ALY, BEAR AN BRI , 3 68 W R (R SCREAE AN Ye ™ £, [m) sy Do 5 i 14 ¥ 1m0 3t R 75 908 [ it
ZHORAETR E 7R p e XA 8 )2 A, B e ARtk

AR SCHIWFFT H AR ARG I A 16 15 /K A B 28 G0 4 i L S0 BR B R ), SR B B HEVES 77 %58 e A 3015
DIREANT 8 SUOZ R G TR IR 1 m® AEIG 157K RGN FR0 7 iz b B R e (18 it ) i) i 847 A
Bi 3B B B R | ST IR RN TS U8 A2 i R AL S e 3B BN, 5 RS TE NS A HR b ) A SR R
THFES IS 1T B BE ) A BRI R 0 8 A 24 25 59) , B0t 1) PSS HE R 1 B 7K A, DA O Ul A A BELAh e
WALFRIZAL B R GEAE 3B Be N T FEAY R 25 (JR1 1), J5 /K Ab B Jiti A4S T8 28 48 (45 R 1 4 s AT 4R BR
I3 WIEE S 25 4R FI 50 4F

R T IB B AEE R R R B AT RIYRER 3B B A 43 AR A RN RE s T-FEH
BAT-E2A 2R BT -T5 IR AR B AT - AK RS HE BT - 5 HRBR - R IR - PR BR- A
EN@ TIE N R W N I o B R e e U

1 AHR“A/O+ETIER"TZLCA RGEHR
Fig.1 LCA system boundary of “A/O+ecological filter bed process” in this study
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22 EWREHFERSNT

ASBIFE B A i JE SO A T2 BRI A AL B R G R R R L C AR TR SR . X T
SELLAR A ECHE , A SRR | A2 24 750 S5 A 7 B BB A B 490 o R A B R 7 57 205 AR (ecoinvent 3.8 %%
B8 ), ME LRSI e f) K Ans s AR BR B B AR L i T Ve A L AR AR ) ST RE B T AR R =7 [ N b

SCEREFAT AR S (GR 1).
X1 EHAREEUAEN 1 M’ 5KAINEEANR)
Table 1 Life cycle inventory (in 1 m® of treated wastewater)
BBt HiA HiA
L) Bt Wyt B
- ) LIVl 0.0865 kWh LIV 0.1106 kWh
15K , s
HDPE? 0.0049 kg K> 0.2840 kg
(3 km,DN300) .
o MLiZ ! 0.0490 kg-km e 0.0540 kg
B S - ", R
. Wy 0.0278 kWh V5 KAL B it 42 0.0196 kg
=}
PV(C? 0.0010 kg pPVC? 0.0036 kg
(7 km, DN50) .
MLz ! 0.0102 kg-km Wt ? 2.7220 kg
ks ! 0.0308 t-km
HiA A
L) Bt Yy Ko
BT E) A 0.0228 m*a ! con* 0.0260 kg
) sst 0.1750 kg NH,"-N* 0.0074 kg
T b Bt .\ . .
s W 0.1467 kWh AT i TN 0.0181 kg
(R A AT+ 153t - , \
T b BER 0.0005 m*-a TP 0.0017 kg
cop* 0.2500 kg A Hb R 0.0110 m*a
NH,-N* 0.0350 kg o V5 IR I FEH 0.0100 kWh
ULBED . R
TN* 0.0425 kg + b B 0.0001 m*-a
TP 0.0055 kg TR AL REH ¢ 0.0100 kWh
Aty \ o
L) 0.2400 kWh o 15 0.0896 kg
s s 15 e AL K — R
BT R B PACS 0.0457 kg + Hb A 0.0001 m*a
ZIREN 0.2833 kg 5 eiEH 0.0018 t-km
F R 0.0007 m*a SHNLTH B HL 7 * 0.0107 kWh
i i 113
L) B Yyt Ko
con* 0.0260 kg CcoD* 0.0150 kg
NH,"-N* 0.0074 kg NH,'-N* 0.0019 kg
TN* 0.0181 kg TN* 0.0084 kg
Ak TP* 0.0017 kg PNERITE P 0.0007 kg
CH,> 0.8736 ¢ ss* 0.0200 kg
N,0? 0.8540 g CH,? 0.2750 ¢
5k} 0.0896 kg N,0? 0.1204 g
A ity i
Yyt Kkt /)i e Wy Jst 6
H oy ? 0.2024 kWh b 0.0507 m*a J% HDPE ' 0.0049 kg
PrBR B B JELE RSP T 0.0611 t-km ki 0.2840 kg JEPVC! 0.0046 kg
[ A 32 K ! 0.0004 t-km PR 0.0270 kg ik ! 0.0270 kg
! 0.0098 kg EEE TR 0.0098 kg
PEwRAT! 13610 kg [ T A ! 1.3610 kg

T R A A BRI R TR s 1 2B B S R R TR R SR S 2 R AR SC SR A B RS S S M G
SCERE9H 5 7 3 (F 82,2011 Wang et al.,2018; Gong et al.,2021 ; Hiraichi, 2014; Fan et al., 2018) ;3 378 B0l 1 4 AR 36 & 3R ; 4 R
BRI A B BRI T 2B S
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221 EIEME 15K TN DN300 B H L HDPE SRR SO , K B2 3 km. #7745 DNSO 353 PVC A H1
KPEL R 7 km. V57K A BRI Tite 1 HE U FE M S 25 A CE 9 (Wang et al., 2018) H #1975 7K Ab PR3 it H 40 35 1)
AP UM RL Y ) T B, Ak A I 5 A T K A B it A T A B BT %) A A Y B AR
WP EE S T2 A RE A TA B (R R, 2012) . B Rh 10l 5 487 18 R 40 (T4 A% P A ) #2805 R8s T 2800+
TR, o AR AR K RS I R G o A R0t DR AU o3 Btk K AR ) B g 2% RHE DO TE T N T A
15 AL K It 34 R 2 . 53 A R SNt T 7 B 12 0.4 RO R B T B TR T RS
AR S M A O, SRR A2 T AR 5 i AT W 220 6 RO I T 0 i AR A RS i A B
FIREES A 10 km. £ FP SR BN 8k KJE .PVC HDPE ) >R FH 5 S5 .
222 BITHE BT B IR T AN AL B R G 075 K AT H AR, b B oA HIL IR S0 i ™ A=
[ CH, S Ak A BB AR B B A2 1 N,O , 15 18 7 AE i B LA 31 5 =X, 4% b 3 i) i J7 T AR i, A2 25 500 1Y
BomiE CRE AR R PAC R TS S 80ds , SR BRI £ IR A& A A M 0 B Ak 5 S 3o 2508 590 1
B BE) A B 2 0 AR BRI RR L TS YR R K i i3 i E A 0 by S A BRI M, 5 A 3 by 3
RGPS il BRI T S8 B A rh b B R 2575 /K A B it 20 km.
15 le 7 A A Ak Y U8 R T AR Sk COD Y At AU HR B Al B (D) )L RIR TS U8 S KA R
96% , FH TR TG 15 /K BN, TTIEAE G AT 15 e oK , f5 8% AP AR 5 —4b 21
P=([COD], -[COD],) % Q x 0.4 (1)
Korp, oA AR G YR A AR P i (kgra ) s [COD 1, ML COD ], 2051 A A ALt i AR AT R Y COD (kgrm™) 5Q
AHIFSE B AL FE 2R GEAEAR K £ (ma™) ;0.4 AL B rhig YR il 7= e R 80
A4kt CH, FITN,0 HEJi i : 2% ODIM (Operational data integrated methods, ODIM) %! (Xi et al., 2021),
i TG 7K AR 3R 347 B Be 0 30 47 S B 550 AE At Y CHL AT NLO HEik i (X (2) F1=Xi(3)).
D(CH,) = EF(CH,) x R(COD) (2)
D(N,0) = EF(N,0) x R(TN) (3)
A, D(CH,) AT D(N,0) 43 51 S A= Akt h CH, AT N,O [ AEHEAL & (kg-a™) s R(COD) A1 R(TN) Sk 45 4b B 3l v
COD FI TN [ 4F 22 B & (kg-a') ; EF (CH,) Il EF (N,0) 43 5 A 4= 4k 7 CH, A1 N,O /9 HE i K ¥ (emission
factor) , JUE 735124 0.0039 kg ke (Lh%E kg COD HERAY CH, ) F10.035 kg-kg™ (LA%E kg TN HEBLH N,0-N i1 ).
AT i3 CH, A1 N0 HEffc& A T3 44 CH, A1 N0 HEfif i 2 % 1PCC 2013 45 7 (Hiraichi et al., 2014) ,
IEE5E I SBT3 (X (4)~(7)).

E(CH,) = Y (TOW, x EF,) + 3(TOW,, x EF,) (4)

J ij
TOW,=[COD], x Q x 365 (5)
EF, = B, x MCF, (6)
E(N,0) = 3(N, x EF, x 44/28) + D'(N,, x EF, x 44/28) (7)
N;=[TN], x Q x 365 (8)

o, ECCH,) R T3 b 4 F e AR HE R (kgea ) s TOW, A TOW, 3 ) A ¥ B4R P9 A= 3 T 7K R0 Tl 1] 4
1475 7K AN T b 1) A AL B (kgra) s EF AT TG b 04 HF 08 5 SR A0 0 R0 HETCER 7 5 B, A B K
H e AR iU i, BRI R 0.25 kgrkg ' (DL kg COD HERLHY CH, ) s MCF ABIE R, 6 Tk P i it , BRIA
{4 0.1; E(N,0) 2 A T3 b ) 8000 AR HE R (kgea) s NRTN, 20 500 R i B4 N A 38 T K R Tk T
75 7K e AN TR Y S A B (kgea™) s 60 T /KPR L, N,O B HEC R 7 BRI 2 0.0079544/28
kg TN [i] kg N,O-N 40 i 5 45 A - ; [COD |, ML TN |, 43 510 A it o COD TN B FE (kgrm™) 5 Q WA ST 1Y
AbHR R G5 HAFEK 5 (m-d ™) 5 BT AT AL & Tolkis K, R, TOW, FIN, 258 0. FEARBF 58, 15 K 56
A b, AN TR, P RN T2 A 7 COD A TN SERRIZ 1 TR B A AR A X (5) A A =X
(8) A BRINE.
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2.2.3 iFBREYER  PRERITBEAOABHL L) 5@ Y BN 90% (Fan et al., 2018) . ARBEEESFILL I (Y BRANERAT )
[k 50% , Ho A S ST RHAVE S El R0 s 4 Ak B . [] st f1 152 T i s b )48 A B 25 R 10 ke, 2 57 244 (1)
iz i S R 20 km.
2.3 HapFEBARmER

AWEFE ] openLCA 1.10.3 ZEAT A= iy I A B S Wi T+ 55, 2 Wi PP AL J7 15 6 4% ReCiPe 2016 (H) , %77 1%
AL S W Z BB S M TAG HESE , vh s 48 bn AT AR 6 225 W) ot (I 4= K728 2 2531 v 9 CO, 2 4 ) i AR PRI 368 1
196 F (Risch et al., 2021). ARBFFE L 9 A PR 52 Wi JE 0 HEAT P 3P4l £ 45 4 BRZZE B2 (Global warming,
GW) .40k A4 i (Fine particulate matter formation, FPMF) , fb A5 % 5 JH #€ (Fossil resource scarcity, FRS),
R E B F7# 1k (Freshwater eutrophication, FEP) | AR M (Human carcinogenic toxicity, HCT)  AARAE S0
7 1 (Human non-carcinogenic toxicity, HNCT) , & Hb d7 H (Land use, LU) & 4# %€ I I #& (Mineral resource
scarcity, MRS) | i i iR fk. ( Terrestrial acidification, TA ). H 35 $§ bR BE#E— Hhn EAL 0 A 5 R 48 (Ecosystems,
ES) . AR (Human Health, HH) FI#% 75 (Resources, RS)3 /N 3545 .
24 BN

N T ARIEA SC LCA S5 R il {5 B2, BERARN I 2 1 15 B e T 2 b s i3+ 58 0 12, 0 BUA IR BB 1 25
(5K TERE, @SR a5 e | [N bA A SRy 3 iz o 5, LA R SR s 3 ) RS ) 1A 7 e
o3Hr((9)).

o AIP, /TP, , (9)
YAV

AL EL N GW TP s 8 AR PR R 0 19 24000 (I (ED) 3P 5 TP, S 800 AN R IBUAEL j I = B BE Y GW L2 i
{8519, B HOEUER (V. I GW SABIRME v, Ky S50 MU AV, V.5V, (.
25 ERRE

SO 4y H i A BTN 5t A R I K A B R GE B E T 3 Ak 57 (3R 2) T GW FIZE s 48 R s il
(& GW STHR{E) RYZE AL . b, ST O it 16 55, 85 3 Bir B A B v g A0 A Ry 25 #2475 S5 Bt v Y
AR BRI, B0 5 SO ORFE— 30 S2 D Vg Y HE AL Ab PR S5t , RIS HE AL 2k AR ) Joie o5 2 1110 33% , HE L 7 )
S BN 1.7% , 5175 FEHEAL i R B0 A W JCH UHEL (CH, \N,O . CO \NH, 35 ) FDRE 42 AR HE L 7 5 AL AL AT
(15 2 (Nordahl et al., 2020; Orner et al., 2022) , B AR AL ZE 75 5 K08l b 35 AR 46% WY IR F LB
15 SO PRAF— 25 S3 D H SUBL I Il AR 5t R A9 B BRAT A9 [a i R B4 15 2 100% , HLE 215 S0 PREF

*x2 BEEHERR

Table 2 Description of the scenarios

i 55 H, 7Sk U 15 RAb FES B R
S0 o [ SR L R BB 50%
S1 AL A RE VR BERR 50%
S2 o [ S L I R HEHE , P ARAR AT 50%
S3 o R SR L I R Bhe 100%

3 ZERFIFiL (Results and discussion)

3.1 INIEHER

%5 K AR B R S8 CO, CH, A N,O 19 4 A5 i Jil B HE ik 3t 4331 29 4 1.5394,0.0096 F110.0010 kg m™. £ GW
SCURE R 2.19 kg CO,-eq, HE1E B AT FIHRER 34 B B4l i 29.9% .62.3% F1 7.8% , H AU & 1) 1 7 02
“GEAT-AFEH T (26.0%) | HE - FE T (18.5%) |\ “isAT-#EH " (18.3%) il “ iz 47 - 1% /K B S HEC”
(14.5%). 2= BRAZWEROW, F 2 J& i CO,(70.2%) 512 Y, Fk & CH,(15.7%) , 5 5 & N,0(13.4%) . 45 CH, Al
NLO WHERCER /N, (A TR 3L 5 F CO,, X R ERAR IR 1) DTk AN il 200 .
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MIEAA 1 B T4 HCT 1 MRS P46 An L i 1 B Be 52 ) /55 Taa A7 B B ok, LA BB 52 i 28 1) 1
BATHY B A B B s (1 2). % FEP, R4S 12 17 B BE W BTmk E (85.3% ) iz = T B Bt (13.2%) . {H 5
AT 5 7K R 2 A T SR I T AR B, 2 Ab B AKE FEP 5200 S 82.7%. PR B BeAE LU \HCT £
MRS 64777 T PR M AT “ A "1 L 1302 R 18 R Ge A BRAEDRIR 5 T Bl R it - o W U
HPRBR-EEAA I T3 PR AR HR I B A3 53k B B IR Hi o R A 2 3 SR 30 el A A P RS 5 1

B2 BT XN B R R SRR A TR B 0 Sk X b

Fig.2 Comparison of environmental impact contribution of construction, operation and demolition stages to different midpoint categories
3.2 & migtRiE

B 17 By BEXE ES HH A1 RS B 53 #ik #8555, 29 90 0 66.2% . 57.9% F1 78.3% , H Wk b d 3 By B, 43 3
28.8%.39.0% 1 18.3% , Y7 B3 M BE A STHR B A, ¥ A M I 5.0% (& 3) . S X5 K AL B R G A A5 v, R i
90% A EEFZ K H T2 7B B (Elorri et al., 20145 a1 FH, 2019). fi vl 0L, 4315 K Ab B 2R 495 s ok
PRI RZ A ] 200 X F ES (& 3a) , GW 7 3B B b 9 o ik B AR A =, B0 A 60% , LU= TA, X 34>
B Bt 1) 57 ik 3 #0HE d 10%. S8 H5 B B B 1) R A 5% 52 i I, HL G W O HE E 5 (. O 7 LU) 1) 53 ik )%
(69.3%) WAZE/NER . XFF HH(E 3b) , GW FEE 1T Hr B 9 DTk (44.5% ) = T 2 B Bt (31.7% ) , XHR R i 2
TESZ MR (AN 75 HCT) B9 5T RREE A 38.9% 5 1 HC'T 2% 3 B B Ml {4 53 ik e e 19 TP S b X T RS (KT 3¢ )
3BT B AR R £ BB AL AT BEUR , FRS A8 BTk B2 7E 3B Be AR R 1 90%.

B3 BRIt &R (OT 48 KAl midiats)

Fig.3 Evaluation results of endpoint indicators (OT refers to other midpoint categories )

MIAZ TG KA B RGN R Tl Bk B (R 4) WA 245 R G0 s AR e Ao R T #E i il K e 5 1+
T R IB AT 2, TTERE 2 I 27.2% . 29.5% F1 69.9% ; HiR 2 E i - AR AR B T-FEHL
12X GW BTHR BE 5 = I A - 72 i AT - R KR SHEC AU AR 28 R G AR e 3 e 3, HAT ES 1)
DURRTE 2 (1] 4). A B 5 HEC R 5 7K 5 | S 32 9 /KA & 3 IR A A AT R S R 22— i A 3 2 s 1 T 3 <A
WX BRI G 15 0 T — 5]
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Fig.4 The contribution of different sub-processes to the impact values on three endpoint indicators

33 FEMIWER

15 7K AL HRLZR S8 B HE AR GW H A5 A PR 5 1 X V5 K A8 R B R A S s 3 TR AT R A AR 43
0.0906 F1-0.0485 , H-& ZH L34/ T 0.0025 (52 3). AT L , 3235 7K Ak 3 28 45 9 sk HIE 5o 45 o 32 3
FGE A B A S I PR s, A AR (X R 58 25 SR A s AN K

R3 BRESIWER

Table 3 Sensitivity analysis results

EL,, ELoyr EL EL EL EL

ST, j RR. j WMT, j RMT,

0.0906 0.0019 0.0016 -0.0485 0.0021 0.0009

34 BUSHEBGE S

TH IR L S (ST RIS B a1 e K (8 5a) , FEXE AR AR GW 52 B IR 24 40.0% Y[R s), 0 RER S8 140 1)
ES F HH P2 S A8 AR M (S GW) FEAIR 24 35.0%. 15 Y HE AT 5 (S2) X RS 2 (5 48 Ha i i (1) A AR B8 45
29 18.6% , 1MW HEAR GW 52 1 (1) AR B2 298 10.3% (1] Sh). £ i 50 by 3 MDY 36 (S3) X HH 8 b i B 455
5 by 3 [RNISCR M 509% $2 155 2 100% s, HH 20 (R 75 GW) 1 BEAR LY 17.0% , AR R I8 HEL) 4.9% (& 5¢).
A CE AT I Vi H 0 8 RIS K3 U8 A 7 HENE A 3 A A NS A AR A SR AR AR, D e s Sy 0 el e =2
100% , i i PKG 4L AR GW SZMAAE FEAIG 55.2% , ES \HH A RS 5200 (R 7 GW ) 43 BIREAK 57.1% .61.7% F136.2%.

El5 3MESMBITHEBRE N (a SIS, b.S2 M, e S35
Fig.5 Potential of the reduction of pollution and carbon emissions in three scenarios
3.5 it
15K Ak B R G2 B AR A 12 47 B B il s A B BT AR €0,(59.9%) \N,0(21.5%) 1l CH,
(18.1%) , ;X —# 5 Risch 45 (2021) AUBFFEMML, BIEIZ AT B B il 2 AR L CO, o B fe i (73% ), Hak
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J2=N,0(22%) , CH, I HEC i B AIK , (245 5 A BIF 86 G A Ry 7K -3 BN b 1 AR 5% A 0T 55 %52 A/O i
FUKP-T IR HLZE G RS0, 1T BB ORI CH, HE & = Tz o8 i IR AR5 v A7 738 17 i B
HR A HE L B CHL, 28 0.8736 g-m™, 78 AH I Z7 7 Hr R4 A JC IR 48T Ak 12 45 19 A7 M 7E 32 17 B BE CH, HE il i
BYYE R, B 0.1~1.7 g-m? (Song et al., 2023). %34, 817 B BE B 42 HE A IR = SR AR GW 1 BTk 29
14.5%, HH N,0 £'5:(88.1%) , 5 A5 B A M E/‘J%i/t\,(Foley et al., 2010; Gustavsson et al., 2013), 30
PG KA B 22 G2 1 LCA WF 5% rp b T AR 28 MR ) B HE R . ZE SR TT A/O b3 T 20, PRI FE R ) 0 22 6 71
(PAC RN T B PAM) 335 1 1] 238 & SR HE R 29 2 17 o Be S HE i 114 50.8% (Bao et al., 2016) ,
AR SCHFZE 075 7K A B R 45 vl T I RE R 1 RTELEER] (PAC) 72 A Y TR IR 28 SR HERCR: 29 15 s 47 B BE S i
511 38.3%. 1 WL P 22 5 0 AT BB IR PR AR T2 i AR o a7 o, HLR THAE PAM, Ab BB V5 7K T H #E (1) PAC
H(0.0457 kgm™) WAV R iZ Ik i AL 1K) 36% , IR I, 1R] 42296, 28 SR HERICEE 19 Eb 35 IK

X A B B PR R ), AR S B A I R G X ES CHH A RS 34N ZC S 8 bR 1952 ) 7 SR 1Y) 25.3%~
36.7% , 13k T 15 7K A 18 Z G0 %) SV ES A HH P A28 548 br L 1 51 Bk A0 88 3 60% , XF RS /) BTRRAS /2 10%
(Risch, 2015). 1 il i F 25 5 04 1 B8 i PR 20300 1T A5 38 R e i 4 I IR BE 54k PV C 55 MHER T AT
(PVC .HDPE) 2 22 Zkf , B el v 45 18 R G0 % ES FHH (K52 00 5 i, HL 2 A B 3 it ( 32 2 Sk 252 0 B <ot )
TEIZAT B BEAE T K i Ty, AR AF 5 A A B 152 il 8 K I R AIC MR S RBAE , DR I, 105 K b B R GE % RS 19 52
M) =2 B VR T A BRI (432 1T B BE (88.9% ). 53 41, FE % 0 T 15 /K AL B AR SE (A5 R, 15 7K Ak BI85 it 4 1
RGBT RN 30 4, AR 5T h iff— 200 38 18 A TAEBR 40 43R 25 4F F 5048, BRI, ARG v A R
LA BT WAL TIZ I . AE LA tp 20 A0 Ab B T2 MR8 X 42 1 LCA WF 58 v, 0K 15 e -5 T 4 i U 4
I B I AE S I R G0 PN 77 L, e B B AR A kAR Vs 7 () DUIR (32.86% ) A T4 4 (1) 15 e L Ak
BEO5 AT HE N2 2.8 75 (52 EH BT 5F, 2022). 1% R 48 Ak B BALT 15 7K (75 P8 77 A 1 (0.2933 kg m™) 3 T AR WF 5T
(0.0896 kg m™) , Rl , iz 47 i B il s 19 4 3Rk A8 B A0 658 /8 . — 01 R A A XHIR 52 2% B A BB R (UASB) I BIF5Y
45 R W5 7K A BRI it 1) 3 I B 22 A T s PR A AT A d R s s 0 T4 T A s B B AT e A B Ak
P FR A FZ I AT L 220 AT (Lopes et al., 2020). 3 i F 2 53 (14 7] BB JE P& AR 5 AR 4 b b A1 B A
AR R B M 10 km, 2 iZBFFE B K I 1045 , PR , ZEAS BT S b A% 1 RS0 2 32t ) B 1 BRB5 5 1i)
HRASZE 22 T LA, FEAR A 2% B 15 /K A B AR (U UASB A TR %5 ) Y LCA WIFSE A AS o7 HE R 16 B Bt

ARAFGEEE RANAEAE R IR 8 5, i T S8 R > 2Rl RE R A 7 2Rl ad B s () £ R AN
KA BS AR, T RE S FEOLH /M EREE R R A . 55—, 25 RE B AN M XI5 = 5735 A9 13 1 4 28 B
Bt , [0SR A AR A BIUIR (Huang et al., 2020) , DL ASHIFSE ()75 7K kb B 22 55 BT 75 1 3R/ H H R PR 980k}
P4 T UAT A A% BTG, A SCRF I A 2 1 28] 2 30t 1 Tl WSCRI) . A R R A 8 v IR i8 its vT 326 1 149 W] B (Zhang et
al., 2016) , A5 B F A% (Wang et al., 2019) , 3% 5 B R Z8 U 3l , 0 0T ifF— 20 32 = PR B I 1) SR 7 3%
Ml

4 4512 (Conclusions)

1)1%75 7K Ah 35 22 G2 4 A i JR J0TRT 4 R AR % 7 R B e 8 119 3 i BRAR O “ B AT -T2 25507 et -
POEHEAE" M B 7-FEH " A CH RN NLO RUHERICE B/ (0 R T4 3 i A BRAR W2 08 07, 38 X A 3k A g
) DTHRFR 24924 29.1%.

2)IB AT My BOW AR AR FR G0 T A BN 5 U5 R 1) S A, T A B B — S e Y sk 4
Az i A I Y 18.4%~39.0%. IRt , 553 T A 4R i =75 /K AL B R GEAR LU, AT 1) 43 5 X5 7K A B 28 0 s i B
P I S e AN AT 240

3) Y I 7 T U8 HE AR 5 U L0 R RN A AR 7 3 4 TR, T 43 0 BRI 2R G e HE iR 40.0% . 10.3% F1I
4.9% , FF 0] [] B 45 4/ MR ARG A2 25 2R 0 o et o A A fRE SR 0 % 05 TS R T TS ) L 9 R O LA S I 0T R
W

B, % T B R Ab B R S, o] DL R T TS BB IR 15 8 W R AL A1) R g e s 35 AR R I 2R
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SEERW 5 pH T 24 700 (0 R PR S Y 2 R DRIk, e AR 24 70 50 e 2 e 14 S B, mI e o A 7KK B
TSRl 45 T 245 790 4 i RAR BRASCR b A 355 15 7K R SR IR R FROK T 03 B 9 0 JT Ak BRSE B A B
FURUESE T 157K A AR S8 0 e HEC AR 5 32 B4 IH R G JEE B R2 ), ot g it g A B 2R 4, il e 2ol i 1 i
DAL I8 AL ER AL , BOR R , AR A5 B B i BRI 5 )
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