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Multicriteria Decision Analysis of Sewage Treatment Plans for
Shenzhen Reservoir Basin

JI Junping*?  WEI Fangling? MA Xiao-ming'?
(1. Key Laboratory for Urban Habitat Environmental Science and Technology, School of
Environment and Energy, Peking University Shenzhen Graduate School, Shenzhen 518055, China;
2. College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China)

Abstract: The selection of a sewage treatment plan from nine plans for Shenzhen Reservoir Basin is
addressed using ELECTRE Il method. Four aspects are covered, including criteria, alternatives,
aggregation method and ranking. 1) We defined and obtained weights for criteria that take into
account water quality of Shenzhen Reservoir and Shawan River, total investment, operating cost,
difficulty of implementation, and risk. 2) We identified nine alternatives and evaluated them. 3) The
ELECTRE Il method was adopted according to the characteristics of the problem. 4) Alternatives
were ranked and the results revealed that Alternative Five which centralized sewage treatment is
ranked first. The sensitivity analysis reinforced that conclusion.
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Figure 1 The decision analysis process
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Figure 2 Sewage treatment facilities and service extent proposed in plannings
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Table 1 Sewage treatment alternatives
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Table 2 Values of pollutant degradation coefficient k

T CODcr (dh) BODs (d?) NHs-N (d) TP (d?)
YOS TR 0.40 0.33 0.16 0.001
2= ] 0.35 0.30 0.25 0.001
RYT 0.50 0.40 0.22 0.001
Sz e] 0.40 0.39 0.12 0.001
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Table 3 Water quality of natural runoff and sewage

IKAK CODcr (mg/L) BODs (mg/L) NHs-N (mg/L) TP (mg/L)
FARIE R 2.0 1.0 0.04 0.05
T5IK* 150.0 75.0 35.00 4.00
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Table 4 Index values of alternatives

Uk S TI (F5ge) OoC (Jizu/H) Iriver lreservoir CTHL/AF4E) IM R
— 48194 2896 0.8396 191 1.3 1
- 46694 2805 0.8373 185 1.5 1
= 47344 2803 0.8741 198 1 1
Iy 47464 2904 0.8327 189 1.4 2
il 45964 2860 0.8293 184 1.6 2
7N 47614 2972 0.8648 196 1.2 2
+ 59364 2841 0.8363 189 2.1 2
AN 60784 2856 0.8335 184 2.3 2
i 59014 2789 0.8671 196 2.1 2

5 PR
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Table 5 Concordance matrix C
TR — - = u i A -+ AN U
— — 0.329 0.807 0.391 0.329 0.869 0.427 0.427 0.938
- 0.967 — 0.905 0.785 0.391 0.967 0.818 0.489 0.938
= 0.489 0.391 — 0.489 0.391 0.489 0.489 0.489 0.427
Iy 0.609 0.215 0.511 — 0.329 0.967 0.938 0.609 0.938
i 0.671 0.609 0.609 0.967 — 0.967 0.938 0.938 0.938
75 0.131 0.033 0.511 0.329 0.329 — 0.427 0.427 0.938
+ 0.573 0.182 0.511 0.687 0.358 0.869 — 0.489 0.84
AN 0.573 0.511 0.511 0.687 0.687 0.869 0.807 o 0.807
i 0.062 0.062 0.573 0.358 0.358 0.687 0.489 0.489 —
# 6 AHRERE D
Table 6 Discordance matrix D
T % — - = Iy i 75 + AN U
— e 0.031 0.231 0.015 0.046 0.077 0.019 0.037 0.037
- 0.133 e 0.333 0.067 0.016 0.200 0.001 0.005 0.006
= 0.039 0.066 — 0.047 0.071 0.011 0.045 0.071 0.010
Y 0.500 0.500 0.500 — 0.032 0.143 0.022 0.026 0.040
H 0.500 0.500 0.500 0.125 — 0.250 0.007 0.001 0.025
7N 0.500 0.500 0.500 0.037 0.061 — 0.044 0.061 0.062
€ 0.500 0.500 0.524 0.333 0.238 0.429 i 0.026 0.018
J\ 0.500 0.500 0.565 0.391 0.304 0.478 0.087 i 0.087
Y 0.500 0.500 0.524 0.333 0.238 0.429 0.036 0.061 o

3 BERARE () EFXRRE CB)
Figure 3 Strong (left) and weak (right) outranking relations
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Table 7 Ranking result of alternatives

RF — - = Iy . A + N\ i
e GAN 2 1 3 3 1 4 4 2 5
BoF 3 2 5 3 1 4 4 2 5
BT T 2.5 1.5 4 3 1 4 4 2 5
REAIRFFE T 4 2 6 5 1 6 6 3 7
e RPHERORTT SR, BN .
5.4 UM T

MR (10) 2 (1L), PR FRR p, p°, p" A A IR o7, o 1 HUE 2 B
Ji R SRS H s TR &R, BEM S 7 RIHE, B L E b Bk SR
X7 B WS REE . & AR B S X (8] FIUE, #of BEr A RRA S, A
A A RA A& 2R 7 R R S5 200 TR R .

s ARERE C A EAMSERIBENES Cuniqe={C1,C2,....Ca}» H. Ci<Cis,
i=1,2,....a-1, Hhay CHEAMEREMEANE. WA MHER D T BAM
EMBUE NS Dunigue={d1,dz,...,db}, H. di<dis1, i=1,2,...,b-1, by D P EA
SR BUE AN E A A AR, U IR p 72 20(12) 05— il X TR A2
g, BANERR SRR g 7E3C(A3) P AL — [ 5E XTI N AR S, AN S o8 7 ZE R 3R 59 24
TR A

p<caEkc <p=<c,Bip>c, (12)

q<d,md <q<d,mq>d, (13)
R AHARZAAZRRS, p BB H Cunigue 7' — PN ICERER N —PITER, 5 q
BAEH Dunique TP ICREESH —NILEK, SR REREISH ST R R
L, L6 C2x C2 Fh SR 2 & 2> U 77 IR R G g0 i TR &, bl S pR
HECl=all[3(a-3)1, AHHAFAIRAA C2 =bY[2/(b-2)1]-
ARFH a=13, b=26, MtLA 92950 F A RA & . tHHEEMAE T ST EM

fE4, REIETT RAESHA EHILRAR, W& 8. wl i, R =P =R
250 IR B BUE AR fe AU, 88009 M & BT %, ST H AR 94.7%,

11



R A B AR e
R 8 B RESHL L HBKIHR

Table 8 Frequency of alternatives at each rank

HE4 — - = /g i 7N + J\ L
o YA 1211 53864 0 11537 88009 99 0 0 0

w247 51698 34256 6881 32430 4941 9867 4976 37221 286

367 2446 4830 22950 25091 0 22166 24604 35995 1649
4 f7 28883 0 25590 19292 0 23181 21161 13525 6155
F5AL 3960 0 154 4600 0 3502 37347 5495 35517
6L 4752 0 28663 0 0 10975 4862 714 11706
A 0 0 1265 0 0 23160 0 0 13212
i 8 i1 0 0 4213 0 0 0 0 0 24425
E AR 0 0 3234 0 0 0 0 0 0

&t 92950 92950 92950 92950 92950 92950 92950 92950 92950

T R Br R T RAER A L BRI

6 L5 R
6.1 &5t

ARSCHETE T IRIIIK B iRt dk 2020 AR75 7K AR T R MG R . 5k, HLT 2
U PR SRR bRk BRI E T S PR AU, AFERIRYIK B K BRI XD
KRR AT IBAT R . S B R O SN A e, RO T
R RO, FR, RIE A FTs KA BRI lOAMEE T R, &
SHEARAR RV 7 & 7T RITEAME, TRRGRIRAERE . BT, BT AT ) R R R A
e ELECTRE I ENTRSETT %, 45 G Habn BB AR SRAE e vE 3 T 407 R IMHE 4 Ot
BEAT T HUBME AT, TR A (B A m 5 K4 o 2 TRy K Ab 3 Ak
) N R HES TR E .
6.2 A2

W T4k &4 5 R JERUK SO FRAZ AR 2 1, DRI &0 34E 07 S ) pR s Fa p i
FEARHTETE. FIAh, Yok AR Z R I Jo BR P 2 45 U SRAR B AR 5 SR AN Tf 2
X EIRAN 8 % 7 RHEA T ARG, AR SUAE B WG AE S J5 Mt 7L rh AT AR
o
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