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Abstract:  Constructing underground wastewater treatment plants ( UWWTPs) prevails recently
and tends to extend largely in China. Ecological landscape saved by UWWTPs is easy to be seen, which
makes an opinion popular that wastewater treatment could combined with ecological landscape. In Europe
and Japan much shorter of land, however, it is rare to see UWWTPs, which makes us a query.
Therefore , it is necessary to comprehensively assess UWWTPs in some ways and to reveal their pluses and

minuses. Based on life cycle impact assessment ( LCIA) , life cycle cost (LCC) assessment and life cycle
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ecological efficiency (LCEE) assessment, the study assessed omnibearingly the impacts and efficiencies
of UWWTPs, and finally the assessed results from each assessment were normalized into life cycle
comprehensive impact ( LCCI) assessment. The assessment was based on a real domestic UWWTP, and
a proposed surface WWTP was used as a counterpart for comparison. The LCCI results revealed that the
comprehensively negative efficiency of UWWTP on the environment, infrastructure investment and
ecological efficiency was about 20% higher than that of its counterpart. Although the ecological landscape
restored by the UWWTP could form a certain ecological efficiency, it could not neutralize the negative
efficiency of the UWWTP on the environment and the infrastructure investment. As a result, UWWTPs

are not a preference approach to municipal wastewater treatment. So constructing UWWTP should act
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according to circumstances and selecting sites of UWWTP have to be prudent.

Key words:
life cycle cost (LCC)
(LCCI); comprehensive efficiency

15K AL BRT A SR 3l T i J %) B S 2H R O, 7K
G R OKIREE R B A A, SR, BT L2
DLV-1i (5 0 =, — S 5 T I R R A K Ak
BT ARSI, 7 AT A s ) T A A A
T, HU T AT KA R IR iR R
5K AR T P M, B85 3T el v R RS
SR, M V57K A B b 8 38 K JFL i 1T 1% ol P
W AR A S iz 8 AR A Y, AT 45 4
PEEER G Ak o e 208 B VPAL , BR R TEAR 2 b [ o
it %) [ 8 0 ML DX H A R [ 2855 ) | b R =X
V5K IR, it , A B 75K
SEFR AT A A A AR S PR, LR R HAE
AIRREEPE B EE G AL s T SEPRIE O . 2838 LN
A T A5 R BV TN 42, R L E S0
Mook, A A= a0 AR R 20 M e TR I T2
IBAT HRBER IR AR S FOULAE JLAS T i A 2R
R it o
1 7k

AT X b X5 R AT K b3
B, 23531 R 4 A i JR B R B2 52 1 (LCTA ) (42
A JE A (LCC) 5 42 A= i Ji 91 A= 25 30 45
(LCEE)3 Ry b A7 P o SRJE  FF 3 FhiEp 45 2R
AT A S TC A, 15 5 K AL B 4 A A
MRG0 (LCCL) 4845, LA B PR i B e 4%
AT DA R GG HE R s T 25 -

1.1 FFMEE

WESEITO I BRA 5575 K AL B i s AT Sk

BR 3 BB IFOEH D A 15K AR B K 2= K,

underground wastewater treatment plant;

life cycle ecological efficiency ( LCEE) ;

life cycle impact assessment ( LCIA) ;

life cycle comprehensive impact

i IR R YL U

VERETR ) R I — AR 4 i T 55 7k Ak
BET I SEBR B IR 4S G SCIRS BTN . %))
X5 H AR 1,83 x 10% m? EESR ALl 2. 21 x 10
m® SR 2t A5 BT AL BRIy 10 x
10* m*/d, % FH A%/0 + MBR 4b B T2 /K F1 42 83 1t
@] (HRT) &y 7. 43 h KK BTHAT E 5 — 2% A F5
T KT AS TR T 75 1) B <t 458 o ¥k A i e 4 3 LA
b2 B 5 T3 K b B IR 45 4EBR i 20 4EM . MBR
TES AL AE (8 PR O U S R B v s 0 T
ZHURAK S, BT & A 15 12 vd, AREFEAL
THE TG KAL) #y 5 , VE hy H e iy st B 55K
PR TR S T e A, R
BURA, s S E 1 FTR . WEAN SRR RN
(FU) B by B N B4 - B HE TS 7K d e b 2 )
HRT A A A2, B 1 FU =1 PE - a, ZZ 6140

;‘I“U/’?E‘iﬁ)r':

75 Je T
[T
1ok it U itk

c. LW

b, #FRIEKT

1 W EXEM TS KLGE WHERETIZRE
Fig.1 Structure and treatment process of the surface WWTP

and underground WWTP



www. cnww1985. com

ARBEH, 5 T KT KT 2 4 Bl 25 & AR

%37 % H%TH

1.2 LCIA 4y

LCTA 25 70 M7 7 i BEAE 7 T 250 BRI 52 W)
PN 7k, e B e TR R ALRE I S5 9
JETTHFE XS R 32 B0 5 0], I LA S AR A 4T AR
PR SR IRARPREE R0 T 58

AR LCIA J5 kX015 KA 77 A= 1 34
B ATV VRO B R dE 9 KA BT iz AT
A B AR BT R DL YRS BRI AR A 1 [
FERS s B PR T T K A HR T A A A S A b
AYRE BEIRIHAE S TS e W HE , 4515 K 158
b PR AR PP AR Y B R LA S 250 A s
B R r BRI REDSIHAE T ™ A i TR

BT P 7 K R E PR B w5 Ak
%43 (SETAC) | [H Pran fEAL 2021 (1S0) Bz 36 [ [H 5K
IR (US EPA) S5 bR, 4% BR 728 VRRAE AL
AL 3 AR BT
1.2.1 52k

ZM5 Kb PR R EE RE e R Ry Sy AR AR R
TR FE ¥ 72 §E ( Abiotic Resources Depletion Potential ,
ADP) JRIK %I 14 #E ( Freshwater Use, FWU) (4B
S BE R HE ( Global Warming Potential, GWP) | K5 iR
1L BE (Acidification Potential, AP) 7KK & & ##1k
1 fiE ( Eutrophication Potential , EP) | A {4 85 M V& fig
( Human Toxicity Potential, HTP ) | 1 3 =5 [6] 1Y #&
( Landfill Space Depletion,.SD) B2 LK A&7 ( Black
Odor Potential ,BOP) 25 8 A~Fismndstr'’ .
1.2.2 ¥HiEfk

R PRI 20 7325 , B 1 RSO MK 0 32 i P 1
AT EAL, AT B & SR B T AT (. A BT SRR
JH US EPA A ARG SE MR o 45 TR R
ffar (EB) il R 5

EB = 3 m,PF, (1)

i B A W SRR e s n S HERR G ) o
M EH s m, PN SR A i R R i PF O
o5 i PO SR B B
1.2.3 &1k

B AN RIS IR S5 i o, G2 — A0 R TR
—ABSER R RIS e 2 6] Al DUAH L L. 2 ) 4
XL R, DRI IR BL L5 5 2 W e, A
FERMZ R Ak (AHP) TR, AHP 721
eI ST A [R5 [ 0 LG AR 3 O AT

FREEJE R A - P [ B, 6 6 PR 7 32 4 — 3
PERGIS A W B2, R IR A EE (R
BTV IR A, AR BE, =X (2) Frs.
AT R T DAE Sy R =X 5 PR A [ 44 310
5 KAL) FEA R Dh B T B 285 1A I — %
ke

LCIA = zl W,NEB, (2)

A LCIA g4 A= iy i) B PR35 52 i 48 b (8L W,
KR | RIS I R RUAL (s NEB, HIH— L5456
i FPERBERZ I () I 858 T fr VR REAEL
1.3 LCC iEMH)

LCC NEEito3 A 7™ i AE 48R A v Jal A v iy & 2B
B EAS TR 71, ATAR BRPEA 25 R el s A= 7= T4
5o AR LCC J5 ik o A 4615 7K b 33
TGRS B iR R AR T

m S Y A ;
LCC=3C, + ,ZC:Kﬁ:) e
(3)

r=(1+j) x(1+f) -1 (4)

A C, Wi AK ) Bk TR C, Nis
TR B & B 3 15 € N5 KA B 1847 A 5 f
I G K A B 2. 8% - AT ELE ) SRR L
4.90% ;S SRR FRAE , U 95 72 1 4% 5 T Sl a4 A
JEIA 50 SRIE ATy 5o/ ik £ BT ]

1.4 LCEE iEf

LCEE 248 HRE N i s AE Y R G 7 20 A4
A JE N AR A 7= AR A e AR I 2R RS, X
HAE T RAL T, AT LR R PR T fR2i e 5 B
TEFRAEST . MR A T5 K AL B A B T A
i L 1B =353 55 TR AT S = UK & TR s N
Mo UL AEZE A VRN T S5 KA BT s A
LCEE PEHr A 0] 218

1€ LCEE ¥ 5o WA AT RE /0 o KA
RN AEYThee A e oiee S Uik I RESE 5 Rk,
mFz 1 FrR" o A BIVER NI A SRS AT
TR, Bl AHP Yol g5 R 48— I —{b Jo i 4N 45
S, T (5) T HAE S A A

LCEE =§l] W NEE, (5)

A LCEE DA i Jl W AR A5 R AR A6 b (E s W,
N i RPN AR R A fEL; NEE, A — 1L )55
i B R 1 TRE(E




%31 % %74 +OE 4 K HE oK www. cnwwl1985. com
1 ESH@BAR 2 AAa B IR w3 N (LCIA)
Tab.1 Classification of the ecological benefits 2.1 #EiE®
HOULY)RE %XJ‘MIE ‘ LRANAER : LB T 2 a5 KA B B A S B
mecmir | TR 50, Jork AT FHSIIRSE AT 00, RS R 51 51
Ly R BR AR T 7K FIERE N R b ys K AR PR E, 3R 2 ﬁﬂ'\‘,?’f@lﬁ'
N NN BB, DR T 95 K A B G 2 R A R L A A
MERE | b s a0k T FFA I 5 6 AR A SRS B T
S | R EEWE%J_;{E:%E%%EWK& DA b 5 RERE T 125 T M b 35 KA B 7R B 1T
ol BB M T 5K AL B K DL TR 4 T A
geopipor | POR R ERE. TR A H R AL TR, 75 7K A ) 6
W 3 I P Ao T 4 B A A R Fhimr o BEAh, TR V5 7K AL A S 1 B 5
= AT HER L U B A AR I T A FRRERE s TEHR BRI B, B Rk
ety | EPER (P AT SO EOT, SO SUR R I A
- = K2 ZHIFALE LCATFMEEZ MY REE
LT AR Sl A 7 BT ) Tab.2 Inventory of major materials associated with LCIA
ot | | ans i of the case-study WWTP
AR o A Lingaul
ey | S HERARBOE. THE | IR TR s L
et LR W A SN S @?Eﬁf%%*{“ 3888 | 3131 | — | —
it | R EA B B e X IRBET/m’ | 44 110 | 24 033
1.5 LCCI M s F%*ﬁi%ﬁ/rf 5693 | 5693 | — | —
LCC REFA 5y T S A e | e 2P B 0 B SR
PG M VT A 5 SR i BB — 2 R K 5 AT LS A it 1822 5.5
LRATEN L. A BT LCIA %5, LCCL AU R B (KW - h) 10 | 10°
TR T 2 BESIHT7 i, LR W 7 COD/(mg - 1) 270 20
SN R ROR 25 15 1AL, D3k B BRI 200 | T 2
P 575525 T RS — 8 A T3 o A I "
— 5 T 1R B AR T M i TP/ (mg - L) 15 03
AMFFE R H LCCT PEAN J7 2%, HE S 6175 K b 38 | 88/(mg-L7h) 220 0.5
JEEA PR A5 R B F AR, BLLCIA LeC, g | meRaw e | [
LCEE =Jy T B 0t 45 HAF 0 7 FL 3 46 4% 17 404 hom”)
BRAS AL AHP Wb A S T — (LT 4 Sy 4.7 | =
16, ACARAH 24 () TOCT Z540 3F 40 45 51, FL -3 m;(t WET =T ——
H T TG KA BT S E A5 KA BT SRR VR (FrkE N
fh25. LCCTIPM 2T LIRS (6) #EATIHFEE., 1 7% /(-dy | T 0
5 LCCT 455 0 E A R0 B R SR B 5 &7 T BRRAERE | 525x [2.10x [ [
S XTSRS Rt FER e %) i | T
GO T E W (W SR ks | | SHREL 70T T | — ] —
EE) o HEAR — — 15970029 850
LCCI =LCIA + LCC - LCEE (6) B IR/t — — 1477|1197




www. cnww1985. com

AREEHL 5 F R IF5 R A2 T Ak 4 B B A3 BN

%37 % H%TH

2.2 FHIEHLER

FAERAEF) T LCIA AR R T3 3, %
RIS UL 20 TR {5 K AR BT K
BB AR TR i, (ol LR SR BT W, i 1 2 A
ADP J7 ] I i T 35K AR BT PrBR B BT
TAEE ARG, T BARER B Be A SR B K
KItiE e WEAN, BRI 5 7K AL 31 7E 4% BR B Bl 42 X

HEKAY ADP 7 HE, 32 P08 MBR T 25 239 Jin s
BRAEM it T, Hoae™ A 2 il LI 5 3B AT
BB, M R {5 KAk B Is 17 REAR RS S BORME 2
WA AT SN o AR, MR TSR AL B e s S YRR
B Bz s b 35k AR B ) 227 A ORI IR B
T X SE MR 5 (R BT T3 K AL BT g SR 4 4 | 5
M 3 KX A% O 15 7K AL AT B R A R — 22 45 4k

&3 EOIBSKAE REZIMFFELER

Tab.3  Characterization results of the case-study WWTP on the environmental effects

5H g iB17 PrBR A A JE
HWEL | b | R | M EaU | HFEC | M EsC | MR | M B
ADP/ (kgSh X4 & - FU ™) 0.412 0.0024 |0.0199 | 0.0191 | 0.220 0.187 0.652 | 0.209
FWU/ (kg - FU') 0.0673 | 0.0467 2.52 2.33 0.0302 | 0.0102 2.61 2.39
GWP/ (kgCO, Y& - FU™") 0. 160 0.111 5.38 4.94 0.0371 | 0.006 5 5.58 5.06
AP/ (kgSO, 245t - FU™) 1.28 x107*8.80 x107°| 0.006 1 | 0.005 7 |5.85 x10°[1.89 x 10~°| 0.006 3 | 0.005 8
EP/(kgPO]” 4% - FU™')  12.28 x107°[1.52x107°| 0.030 2 | 0.030 1 [1.20 x107°14.09 x 10| 0.0302 | 0.030 1
HTP/(kgDCB & - FU ') 0.133 0.093 2 5.69 5.26 0.292 0.135 6.12 5.48
LSD/(m’ - FU™") 0.0068 | 0.0059 | 0.195 0.182 | 0.0020 [8.04x107°| 0.204 0.188
BOP/(kgCOD Y& - FU™')  6.47 x107°B.78 x107°| 0.149 0.149 0.17 x107°4.39 x107°| 0.150 0.149

mAERH B s B m PRERET B

L1/ %

0
ADP FWU GWP AP EP HTP LSD BOP
a. MR V5 KA FRS
mAEH B maEfTHE m YRR B

L1/ %

0
ADP FWU GWP AP EP HTP LSD BOP
b. Hi b5 KA

B2 ZOUSKGE REMBROIREZ X L
Fig.2  Comparison of the environmental effects from the

case-study WWTP and its counterpart
2.3 B—UERERREZE RN
WRISZI I, 2 et ot e, 1 81H—1k
BT
W, =[0.198 0.034 0.29 0.056
0.124 0.084 0.051 0.157]1" (7)
BT, R T5 K AL B BB R R T — AT

NN RIS KAE B ADP FWU .GWP (AP
EP HTP .LSD . BOP $& #5{H 451 0. 129 .0. 088 9
1.65 3.55 x107* 0. 003 74 .0. 514 0. 010 4.0.023 5,
M 75 K Ak 31 TR AH B A1 4 5 0. 041 4
0.0813.1.05.3.27 x 107*,0. 003 73.0. 461,
0.009 57.0.023 4, HZATHEAR, 4R FH Ei5
IKALFR) /) LCIA {53500 8 2. 42 F12.12, LI b45
LT, M T 5 KA H T 7 A RS R A S
TRALFR] B R (GEMmE N 14% ) | BPX P53 B 1 5
KA G, B ARl fpgbl. ZHE KA /135
R M B AR A E R RV R (GWP) AR 1
TS RE (HTP) 5EAE Wy Bt U5 FE R U B (ADP) | MMk
VKA B S PR ER R % AR AN I T
BF RETR AR T BOX L2 g, £ LCIA A2 K,
3 & e Bl H R RN (LCC)

B AR BRI S 10 4R T A= i JR 3 v 2
o ST L R o T AT ASHIE S R F R AT 3
H7.84% o HEA ok P 2 B 7 0 3% ;9
WS AT 95 2 E 2 15% o G095 Kk b B
T A AR S SR B T 4 AT,
HT Rl _E 35 K AR 4 i R R AR S S A
39.81.32.43 Ju/FU, M PG /KA PR o |5 /K Ak
PR 22.8% o BT UL, JCIB TEMEAN B B, LR S
TRAL PR HRTT B AT B A , AR T 94 54



%371 % #7TH P 2 K HE K www. cnww1985. com
JE % 5 [l O

x4 ROIFKAET MEEaEERAE
Tab.4  Life cycle cost of the case-study WWTP

4 AAa A A S B IFN(LCEER)
41 EBHBHNRELER

_ Ly 3 75 K A 3R bR S A LT
miiﬂg ;wvﬁr Mo LK) (i A Ak S50, AT LAIA g HLA AR 8 4 | A f A
Fa e ' T S K LR R SE R
At 7= N ENREYN —t
T 2.23 - 5305 8 N AR S, NEk 5 Fis . Hidr,
i 15 2 10. 34 10.34 PR IR T BE TR T 224 Hb 37 WE WA I D R A7 94, HL X F
X T 0.39 — A48 L 50 2 BB BN el 5, i R A B
fLihrBy b LE 0.18 — TEWF Y (A FRAE T ROU 5 A O 4%
MBR BRALPELRE | 4.95 4.95 55 ROITFAIE BBV AR %K
A A TR 0.79 0.79 Tab.5 Classification of the ecological efficiencies for
54k, 0.19 0.19 -
the case-study WWTP
HoAh 2% H 2.50 2.50
JaEsiaris 24.55 18.76 o H BRAEEL D
MBR 4B fE 12.15 12. 15 AR FEHE TR ) CO, i
PR 0.84 0.47 SR R Ve TE B ZE PRIk i
18 X REFE 0.37 — AW 6 H—8 H
LHMHTERERE 1.01 1.01 AL | RIS B K2R (SO, s ST YY)
15 R MK 0.05 0.05 NNt FEL T B T K
15T} 0.75 — KPR FF T /D 1 2 &
AR 0. 85 0.85 TR | HUPE SRR N 5 PG M
iEATETRY IR 0.08 0.08 fkA 4 UL A
= 0.09 0.09 Ak 4 i 57 L I
Al 3L b 0.74 0.56 : — : - - o
TR 6.05 4.97 %’ﬂzﬁ?gﬁ‘tpﬂ?ﬁﬁﬂgé%ﬁ}ﬁ*ﬁﬁiﬁ
QT 24 A a1 1084 AR, o b TS AR B N R RE R OR B —
ProvE ' ’ AT AR s 25 82 PR S A % BN SOt
— @ﬁg — — SRS J MR V5K A B8 2 B MR 1) 80% 5 BLAP,
ZNVIES4 . . = s = YT

TERRA BT 5 7K Ak B A s 2 R BT o
P, 2 135 K AL B R 1. 31 5 (5 52 BR
TR HE T ESN R 25 T S
57, HEAM, R V5 K b B8 )2 AT W B B A 4
B ARG, 22 BB 3 XU S8 L B s K
SRR TS

F M T 5 AL B B R AS B A 4 910
g/ (m’ - d7h) Mo BI5 KRBT 3 750 B/ (m’ -
A7) BT T ) B 4 3 KA B
HBERM (1471 0/ (m® - d7) ] BRTHL RS
KA B AR R 2 18] 74245 9 5 0B Bt 5 1%
B (5 M TR IR I 23.5% ) & 2 4h, MBR
T A e (A DAY 20. 1% ) 12 55 4h—

1% 50% 1, A H 4 SCA B AL ROR (A N3 A A
0) o M IE SRR, 45 RF TR 6,
F6 ZROIBKGE SMESHEE
Tab.6 Inventory of the ecological efficiencies from the

case-study WWTP

o H V5K V5K

ST/ keCO, 20 112 11 659
S AP/ (kW -+ h) 42 356 24 555
25K Bk keSO, 3 439 1 994
B/ m? 74 193 43 011
KA kg 6 034 3 498
FAEA kg 19 106 11 076
UNGIIP 122 44.7

R 7PN 10 694 0




www. cnww1985. com

ABEH, T NG RGBT A6 R NG G2 AN

%37 % H%TH

4.2 EFHmEBULER
R STHR -5 S 0075 7 Ab BT i 7 3l DX 28, AT

AFT 3 25 100 55 WL AR 28538 i AR X T 4 W I,
x7T PR,

RT ETHEFIETER

Tab.7  Judgement matrix of the ecological efficiencies
m H SR SEET | SRAE | REIET | KL | FAEI NG Ak

S ARE Y 1 1/2 2 2 1 3 3 3
ST 2 1 3 3 2 5 6 6
255k 172 1/3 1 1 1/2 1 2 2
R 12 1/3 1 1 1/2 2 2 2
K AR 1 1/2 2 2 1 3 3 3
FROTIEER 1/3 1/5 1 1/2 1/3 1 2 2

NG 1/3 1/6 172 12 1/3 12 1 1

ik 1/3 1/6 1/2 1/2 1/3 1/2 1 1

X W RE M A T — B R, ARRIA L2 R 1

( <0.1), IEWIZAE G HA 24—

iz

Mo X%

RS RN PR BE ) — Bt 45 CR =0.009  HEFTIERLAL , ARA5- A0 T 6 1 .

r0.167 0.156 0.182 0.190 0.167 0.188 0.150 0.1507

0.333 0.313 0.273 0.286 0.333 0.313 0.300 0.300

0.083 0.104 0.091 0.095 0.063 0.083 0.100 0.100

0.083 0.104 0.091 0.095 0.083 0.125 0.100 0.100

0.167 0.156 0.182 0.190 0.167 0.188 0.150 0.150 8)
0.056 0.063 0.091 0.048 0.056 0.063 0.100 0.100

0.056 0.052 0.045 0.048 0.056 0.031 0.050 0.050

L0.056 0.052 0.045 0.048 0.056 0.031 0.050 0.050.
FEXTREA TR FIF IERAL, AT A5 ] i BRI R L, X A 1 B (R IR 5 S0k )
W, =[0.169 0.306 0.090 0.098 o) I 25 4R/ .

0.169 0.072 0.048 0.048]" (9) 5 A4 B B4 A% B (LCCI)

AR 75 K ALEE ) M b s WA AR5 AL
HH, FET I FORA R T br A T — 1k, 25 R
TR TG KA T B A A s
b PR K AR RIS R SO RS
SRRE TSR 1.70 x 107* 6. 49 x 107" 1. 55 x
107° 3.63x107*.5.09 x10™° 6.86 x 10> 2.95 x
107°.2.59 x 10 7° 4l b 357K AL FR T (40 5 5 b (8
M49.83x107° .3.76 x 10" 8.97 x 10 ° 2. 10 x
1074.2.95x107°.3.98 x107°1.07 x10°° .0, &
LA F), 1T FHh b TG K AL BRI SO AR AL A 4R
Fr LCEE {43510 1.34 x10 77 7.64 x 10 * |l b T
V5 KA T A 5 el R s 7 A B A SR 4R 2 Sk
VG 1,75 £

V5 7K AL T bR S Ll kb ) A AR 2 R AR
HFE SR T (R4 CO,, I8 R
B ARTE T (R i 2 I VR TR 5 TR FEDRLEE )
55 LR (FEW AR B W 4N ) T, 24 )@ T R

5.1 HEER
%5+ LCIA | LCC | LCEE ¥ 5, & 20 8 3] 1
XERE I PEMN FEREL . PR LAZ RSBk i) ik 3 Fp
TN R bR T IH— b St . H—LHEREIT
W,=[0.65 0.23 0.12]" (10)
2 TR EM T S B KAE BT RS
S PPN FEARZE R, LA T B UERR o

LCCLy e =[1.57 9.15 —1.64x107*]"
(11)
LCClLy,x =[1.37 7.45 -9.33x107°]"
(12)

FEAWTFERAE 1 2w S0 P st S5 s
IRAR BT R AL 27 A I 243 5 i LCCT {73
B 10.7 8.83, AL, M T TG K AL B 7 AR Y
B SR ES G A M EM LR 21% o M
TG 3 R PR SR UL S B A — RE 1R
AR AT BT S BRI A 52 e A L 4K



%3745 #78 T H

2 K HE K

www. cnww1985. com

TEICIE AL 2 A
5.2 iFig

AR LG PR A5 R 5 AT WL A AR AR A
O SOMEAR RS T LAEE, 25 5 3%
2, M TG B & W A58 5 0 A R S g 4 W 4 17
AT . S R V5 7K A B A T S
FA A RTFR, H BT RE WA Y T — et i
I, AN REAE L TR & s ™ .

WA ANy T 5K AR B /] DA
() b= A o 552 3 AN S 2 1l R V5 K Ak
BRJHRN DLOA i A e S KRBT H
F AR AT LASE A3 i 3 A 7 =R 8 e < v Ak HE
IR, o) ] L BRI F A R K A ML s e o 4 2R
VKA B SRECAT DABE & JE 30 o5 b A, I FR B
SRR , XA S 8 IR B 15 S HEs
R R CO, 558 SR KSETE YY) .

RE , 3R =05 K AL 38 i i e AR e O =K,
o 2 PR b B, ek T A IR . ZE T T, %
INE AT E SN 1 5 K BT ik dik | iR 2
Hio BN, 75 2% B Dokhaven §5 /K 4b 3~ | H
A 1 L W7 95 K A BT 9R 2 R o
Viikinmiki 75 7K 40 B0 H i £ AR R JEE
Henriksdal y57K Zb38 ) ( H Rt A LK H MBR H
TIGKT AL EBREK 86.4 x 10" m’/d) " 4 [
Ty SR M, |l AR ™ T O R it
W R AT KA BT TEie andel, X 5K ) ¥ 5
32 ST M Y M, 140, 45+ Dokhaven V5
IKAEFR)FIE T RS Sk R GT (R 6 ~7 m) ,
T A 25 )1 L T 5 7K AR 3T b 7K 3 5 Viikinmiki
V5 KALFR ) B 5 EF /R BE Henriksdal 5 7K A0 38 7 1)
FIH T RER LR
6 4%

TEIR T AR AR DA SRR A T 4™ 5K 14 4 K, Il
FHH A5 A B9k 5 B 5T, X A5 b T 25 KAk
R AE T AR S AR FWA =8 —a 0
R T EXG FE R, AT R B A S SO
FG MO R i SRR B AR AR /D ¢
TR T M X h T 28 DA A i Ja S0 B2 %o ot T =75
TRALTE T R W PR R ) D S A A R S T
053 3 T VAE R, 25 G & R e 64 708 w00 B o

A S ok 4R A R PR S e (LCIA) (424
i JE A AR (LCC) 5 42 A= i i) A A 28 8% 4% (LCEE)

=R RN E A AR S KA B AT E
Y, F iR AN T A A i B 255 R WA O A
(LCCL) o S5 WoR, R =35 K 4k B 7E SE 4
G PR AR Ak R T TR TR MR
BRI 175, BT TG KA B A 3R
PeI AR 25 7 A — 7 B A S R A, (HLIX T AN RE ™
7 LR AR R W AR ) T S A . o
B0, H = AR A AR S LL AR G5 1 AR, T A 611
SRR I 2= RORHIX

ABEFE BT HIS TR 5 0, (HE R T
TERKAL PR B R £ 5 VA 2 0wl LLE PR B [R]
R, AR, BE P I S R Y A R S5 M A 3 R TS
KAL)k A

SE

(1] FHE M RORES KB TREN ] &
FAFF,2011(10) 42 —44.

WEI Wei. Project cost analysis of Guangzhou Jingxi
sewage treatment plant[ J]. Construction Economy,2011
(10) ;42 =44 (in Chinese) .

[2] fhizfli. MBR TZAERURATG KA B AL B 1T &

BEAWEFELD]. N AR BT R, 2014,
WU Yunji. Study on the Operation and Application of
Jingxi Sewage Plant Treatment by MBR Process [ D ].
Guangzhou: South China University of Technology,2014
(in Chinese).

[3] Beieje. = MBR L2276 Mt iR i KAL) 1y

BLHLT]. #7k4E7k ,2010,36(7) :51 - 54.
CHEN Yilong. Application of underground MBR in
Guangzhou Jingxi wastewater treatment plant[ J]. Water
& Wastewater Engineering, 2010,36 (7) :51 - 54 (in
Chinese) .

(4] Eigiiddefscms e SR GB
50014—2006[ S]. dtat: HrE i) i ikt ,2006.
Shanghai Construction and Transportation Committee.
Code for Design of Outdoor Wastewater Engineering: GB
50014 -2006[ S]. Beijing: China Planning Press, 2006
(in Chinese).

(5] FER¥HKI/N WA A b AN 7 ik 0T 25
r——HeR G A A IR R R RS AT ]. A
SRGFIR 4R ,2015,30(7) 11232 - 1242.

WANG Changbo, ZHANG Lixiao, PANG Mingyue. A

review on hybrid life cycle assessment: development and

application[ J ]. Journal of Natural Resources,2015,30
(7) :1232 = 1242 (in Chinese).



www. cnww1985. com

ARBEH, 5 T KT KT 2 4 Bl 25 & AR

%37 % H%TH

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

BNG AR, B A AR R e
TET5 K AL BRI B 2RI L) ] 3R3E TE,2013,31
(4).118 - 122.

LUO Xiaoyong, HUANG Xiwang, WANG Dawei, et al.
The theory of life cycle assessment and its application in
wastewater treatment [ J ]. Environmental Engineering,
2013,31(4) :118 =122 (in Chinese).

T I B 5K Ak P AR A% R BRI LR WA
W[ D], dbat: JEst %, 2019.

WANG Xiangyang. Study on Calculating Carbon
Footprint and Assessing the Total Environmental Impact
of Wastewater Treatment [ D ]. Beijing: Beijing
University of Civil Engineering and Architecture, 2019
(in Chinese).

Bl T PCTHIIR T 5 K Al B T 2R B 1 PR 5
PALD]. HER: EPKKR:,2014.

YANG Fan. LCA-based Environment Impact Assessment
of Emission Standard Upgrading of Wastewater Treatment
Plant in Chongqing [ D ].
University,2014 (in Chinese).
ZERN. T LCA B3t {5 /K AL B B 558 52 1w 7 7y
FEID . MG/RIE MR EE Tl R, 2012.

LIANG Song. Research on the Environmental Impact

Chongqing: Chongging

Load of the Urban Wastewater Treatment Plant by the
Method of Life Cycle Assessment[ D]. Harbin; Harbin
Institute of Technology,2012(in Chinese) .

MRk, BN A IR (M. Jbat: fb2e T
Ml H bt ,2003.

DENG Nansheng, WANG Xiaobing. Life
Assessment[ M]. Beijing:Chemical Industry Press,2003
(in Chinese).

TOME, 5K, k. ik T 4 A i R AR BRI 0 75 K
JRBIT R A T ] P E KRR, 2013,29 (1)
101 - 104.

HUANG Hui, ZHANG Qin, FU Bin.

Cycle

Comparison
between investment programs of WWTP based on LCC
theory[ J]. China Water & Wastewater,2013,29 (1) .
101 - 104 (in Chinese).

FHEL T, R, ARG AR
PRk (1], A2 ,2019,39(15) 15442 - 5449.
WANG Xiaoke, YANG Ning, WU Fan,et al. Ecological
benefit evaluation contents and indicator selection[ J].
Acta Ecologica Sinica,2019,39 (15) ;5442 - 5449 (in
Chinese) .

Sub-Global Assessment Selection Working Group of the
Assessment. Millennium

Millennium  Ecosystem

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ecosystem assessment sub-global component: purpose,
structure and protocols [ EB/OL]. [2021 - 01 - 14].
http : //www. Millenniumassessment. org.

2. SRTIE AK AL BT LR T R AR A R R A
ERIRFFEL D). BRI I AR Tl R 2, 2011

JI Nan. Research on Comprehensive Evaluation Index
System and Method in Wastewater Treatment Plant[ D ].
Harbin: Harbin Institute of Technology, 2011 ( in
Chinese) .

AEICHS . ST T /K A BT 20 4 A i J 19T R
TREREAIFE [ D], HPRK: PR, 2004.
XIONG Ailing. Life Cycle Assessment and Study on

ST B

Energy Conservation for Municipal Wastewater Treatment
Process[ D]. Chongqing: Chongging University,2004 (in
Chinese) .

fap /R SR ) AR REAE S T RENE L HARE S
[D]. HR:HPIRAE,2013.

HE Xiaofei. The Research of Energy Consumption and
Energy Conservation in Construction Technology [ D ].
Chongging : Chongqing University,2013 (in Chinese).
. MR G KA B OCHEERDE R S TR L
[D]. dJbxt: iR %,2017.

HOU Feng. Key Technology Research and Engineering
Practice  of Underground  Municipal =~ Wastewater
Treatment Plant[ D]. Beijing: Tsinghua University,2017
(in Chinese).

EBBERRY. AR SO AR TS K AR B (o] F A
REFEZMTLT]. BERLA 5 4R ,2012,32(3) 195 - 103.
WANG Qi,FAN Yaobo. Analysis of energy consumption
in membrane bioreactors for wastewater treatment and
reuse[ J]. Membrane Science and Technology,2012,32
(3):95 - 103 (in Chinese).

ARMEHE , 10 B, VT8, 5. {5 KA BRI 255 3 4 0
WITE R PR L], w45 0k HE K, 2019, 35
(6):6 -15.

HAO Xiaodi, WANG Xiangyang, JIANG Han, et al.
Evaluation method of the environmental comprehensive
benefit for wastewater treatment and a case study[J].
China Water & Wastewater, 2019,35(6):6 — 15 (in
Chinese) .

TEVCHB BRI BT T AT, T B LA B BEAG S A AR (56
Pt HEK TR ) : HGZ 47—104—2007[S]. dbxt:
-4 Hh it 2008.

Research Institute of Standards and Norms Ministry of
Municipal Investment

Construction. Engineering

Estimation Index ( Volume 4 Drainage Engineering) ;



%3714 #7H P 2 K HE K www. cnww1985. com

[21]

[22]

[23]

[24]

[25]

HGZ 47 - 104 - 2007 [ S]. Beijing: China Planning
Press,2008 (in Chinese).

5 X T O e R I T N ST NG 2
TERIEIOEFELT ], 27K HEK ,2018,34(9) 1121 -

127.

YOU Yu,CHE Wu,ZHANG Wei,et al. Effect of rainfall
interception by eight species of garden arbors[ J]. China
Water & Wastewater, 2018, 34 (9 ). 121 - 127 (in
Chinese) .

X, B Al WSO, A AN R AR B R R 7 B Y K
TR FR R SO FAE RO SR LT ] P K R AR R
24,2008 ,6(6) :68 —73.

LIU Bin, LUO Quanhua, CHANG Wenzhe, et al.

Relationship between percentage of vegetative cover and
soil erosion [ J]. China Water & Wastewater, 2008, 6
(6) :68 =73 (in Chinese).

T A BT A R R X ] A g v
fERBEFELD ] Abst: stk ke ,2010.

WANG Disheng. Studies on Net Carbon Reserves in
Beijing Urban Landscape Green Based on Biomass
Measurement[ D ]. Beijing: Beijing Forestry University,
2010(in Chinese).

O R A TR S R bR AR A AR G U BT O
[D]. ¥ iH K% ,2015.

WANG Shuai. Nitrogen Storage of Three Typical Forest
Ecosystems in Hainan Island [ D ]. Haikou; Hainan
University ,2015 (in Chinese).

e NREEFEEZ g iR, P E g H4E % 2020
[M]. dEst: EGET ek, 2020.

National Bureau of Statistics of the People’ s Republic of
China. China Statistical Yearbook [ M ]. Beijing: China
Statistics Press,2020(in Chinese).

DS FISE Fo ol

[26]

[27]

[28]

[29]

HBHEHL, Mark van Loosdrecht. fif 2% fE 4%
DOKHAVEN J57K AL B A 23 [ ] 437K 7K, 2003,
29(10) .19 -25.

HAO Xiaodi, VAN LOOSDRECHT Mark. DOKHAVEN
wastewater treatment plant in Rotterdam [ J]. Water &
Wastewater Engineering, 2003,29 (10):19 - 25 (in
Chinese) .

BN M AT OKIE S E DR, 35 Lok BREE 21K
ARG S A CTFKEIR]. HOa0 AR TR T K
JEPR, 2010.

KAMPPI A. Viikinmiki: Helsinki > s new central
wastewater treatment plant [ J ]. Tunnelling and
Underground Space Technology,1994,9(3) :373 —377.
K . 78RS 2K BE Henriksdal 75 7K ) B 5
# K MBR {57K 403 [EB/OL]. [2021 -01 - 16].
http : //www. h20-china. com/news/222356. html.

E20 Environment Plantform. Stockholm Henriksdal
sewage plant will become the world’ s largest MBR
sewage treatment plant[ EB/OL]. [2021 - 01 - 16].
http://www. h2o0-china. com/news/222356. html ( in
Chinese) .

.10 -

TEE BT oM mesh (1960 — ), 55, (i va#nAkoN, 18 1,
Rz TS PR TR Ll 2 S R
A, BT T5 1) 35 K A 0 B RS 5
AR 5 KA FECE BRI RRE 35 A4 9)
FAR o B B K P30 71l Water Research )
X358 32 %5 ( Editor)

E - mail: haoxiaodi@ bucea. edu. c¢n

U #s B EA 2021 - 02 -09

1EE B 592021 —02 - 17

(i XI5 )

3, ESuEEEE




