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Calculation of unit price for water purification service of wetlands in China based on sewage treatment cost
allocation//Wang Shoubing, Zhang Yuxuan, Zhang Yunchu, Liu Jinhui, Zhao Chunzhi, Fan Jijun ( Department of
Environmental Science and Engineering, Fudan University )

Abstract: Against the theoretical limitations and practical challenges of directly adopting tax rates specified in the
Environmental Protection Tax Law of People’ s Republic of China as substitution costs, this study establishes a multi-
method framework for apportioning the operating costs of wastewater treatment, aiming to calculate pollutant removal unit
costs that more closely reflect actual abatement costs. Using nationwide macro-statistical data of centralized wastewater
treatment plants from 2015 to 2023, the unit operating costs for removing COD.,, TN and TP are quantified via four
approaches ; characterization factor method, comprehensive trophic state index method, equivalent pollution load method,
and environmental protection tax ( EPT) pollution equivalent method. The results indicate that, compared with the cost
allocation derived from EPT pollution equivalent method, all alternative methods reveal that the prevailing EPT criteria
substantially underestimate the purification value of TN and TP. Optimized based on the equivalent pollution load method
(using non-lake/reservoir limit values for TP) , the cost apportionment ratios for COD.,, TN and TP are set at 25% , 55%
and 20% , respectively. Accordingly, the 2023 unit prices for wetland purification service are calculated as 3.3 CNY/kg
for COD,, 59. 3 CNY/kg for TN and 167. 3 CNY/kg for TP. Developed on basis of actual operating expenditure of
domestic wastewater treatment facilities, the proposed pricing system overcomes current limitations of using environmental
protection tax rates in ecosystem service valuation and provides robust scientific support for gross ecosystem product ( GEP)
accounting, eco-compensation standard setting and EPT environmental reform.

Key words: wetland ecosystem; purification service; unit price determination; cost allocation; substitution cost method;
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W 18 V7 il AF 5% © 8 23 45 S 4 22 OC TE 1Y A
gy (23,500

A 2 R 48 (wetland ecosystem ) 8 FH [ifi b 11
KSR B T DI Y 25 A= 5 AR ) PR R AR
VI 1 RIS/ Sl R ol i A4 785 3R GEARAE Y B RE R
PR AR A TS T R BRI A S R
ik 55 ( wetlands ecosystem services ) & A2 M HH 3R
TR & B R e 25 . FLAE 20 22 70 4E4R
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il Vi X5 Ry T A B 4 I i R
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FEr R A S R G55 I PEAG S U (S 3
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4 7 b eI n N TN 5 BRI A TTER G ER R T
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TEORE ST A ST AN EITEM A R 5T s
AL R X — 5k, 2022 4 3 A, HEK
RIS Z B2 HRG T RRGE R T (RS
PR RMEARZ BN (147) ) (RO (2022) 481
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2, RO LKA TS e i Tl 36 B A SR A S L
FEIIRA TS A 2275 S (COD, ) EVEL(TN) LS
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SR, NI 2 TR BUR I BEAS [ B, 4R ]
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FEJRIBR , BT BB R 0 22 S 25 B Ik 1 BUR A 45
B A E H LATS G 07 30 A Dy B
Behlt, O TP BT K AR 2 T S R R A

852/ HAn, I8 H 9 i 4 r 48 7 10 30RO AL L
1 B ABRAE AR 2 X6 B AR AT R PR VR 2 1Y
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IRe AR R Bah D8 HE | P9 AL R EE SP R BUAS 1 22
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2 B N RIA B AUAS 43 B8 L B — 5 YL ) TR B
A, R, A SCGHE S 40 8 COD, TN Al TP X 7K Ji 45
il HAS (CAns B SR il KBTIk bR ) AR BT ik K
HME R — IS8T A T %, LA G345
V5 YW BT IR BB T AR i T AU AT T
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Pr(CcoD,, Z A TP \TN) K5 & LA Kas 17 2% P A
Pk AN ChEASAESTHER), BT
2011—2014 ‘FE&AFE MR P @ A L R AR Y KT B
REBRE, FE— M AEHEME, Ik {CRH
2015—2023 4E SR, Wk 1,

A SCFIFH LAF 77 2500 28 85451 Y e 1o - e
(RIZ AT 3% AP AN 25 o B0 5 i 35 e 0 I i 47 9k
OFF 5 BRI E B bR 00 775, BIARE & 2805
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Table 1 Basic information of centralized sewage treatment plants in emission source statistical survey in
China from 2015 to 2023

. - LS PS S VIR BT/ A TSk
by TIKIMRE/ MG —a NH,-N ™ TP N @?{ aaﬁ% vd) ’ ke&%z
2015 532.3 1262.4 122.7 138.5 15.2 477.0 18736.0 6910
2016 585.8 1381.3 131.2 144.7 16.9 539.9 20780. 4 7103
2017 627.2 1540.0 144.0 156.9 19.5 644. 5 220115 7536
2018 679.8 1656.2 156. 5 173. 1 2.6 739.6 23536.8 8200
2019 742.7 2129.5 183. 1 235.9 25.9 879. 4 25450.0 9322
2020 811.3 1779.7 185. 3 205.2 27.3 1001.0 27269. 8 11055
2021 862. 1 1955.2 201.2 225.5 30.4 1124.2 29729.7 12586
2022 895.0 1945.6 210.0 235.2 30.8 1241.3 31621.8 13527
2023 939.7 2083.0 225.3 253.8 32.7 1367.9 33466.7 14637

TF:2023 FFHT 045 T HARBAE ST 500 ¢ LA AN 15K Ab BRBEH ; 4R35 1T 9% A 4R
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FRAE— RIS R E BRI B, U KHAS
TSR =5 K AR 255 3 Hi5 e B s B R
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1.2 ZEEEFUSEHSBE
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W
T, = 2 (WjTLI,j> (3)
ATy, B LGRS EFRRESIEE w, WS
JEFRREIE R A A, A SN & TN TP #1
COD,, i+ 5 4% TN, TP 1 COD,, AIFLE 55N
0.3253.0.3414.0.3333,
ARSCLA 3 275 YWk B I AT A K M i

MEMREM TR 4 A WE TR IRESIE 8. TN TP
FII COD, e BE (Y R AR 1 piy Y 4R 2% B3 2o B & R A
ARG KA B AR E], TN A1 TP 18 2R S48 800
R (4) (5) THAAFH] 10 COD,, E IR EUW
THEEIN ek o B2 i B AR i 3 L) 0. 6 (1 T COD,
XA L E AR R T 90% , T CODy, — M
F509%" " 5 BTG K Ak B R R 5 KR L
(COD,,, EM) PS8R, IR 0. 6 1 e
RO Akl CODy, WeBEE T, #xU(6) T3],

Iy = 10(5.453 + 1. 694Inc,y) (4)
Iy = 10(9. 436 + 1. 624Inc,,) (5)
Toop = 10(0. 109 + 2. 6611Incyy ) (6)
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TP BRI FTHa#Hy TN Sk e B Rl LA
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2.3 EiRATSERITEER

FERSHR B TR A AR AL AL
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e, T TN AR AN I ., £ R AL R TS 4 )

—

BT

B FHEAATS S
2.4 IMERPHRISRLUESEEITEER
IR PRSP B IO R AR ISR 5,

5 LW AR BT LU B8] 5 e At 2k ) 1A
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Table 2 Calculation results according to characterization factor allocation method

- - - R )
BB R B R 1/ T TR % SR 1T LR Y)
N Y E S Misf3 3%/ (Ji/kg)
o P
COD TN TP A‘I“ COD TN TP h ~L/“ COD TN TP
o & o /(5 k) «

2015 27.77 58.17 46.51 132.45 20.97 43.92 35.12 40. 00 0.88 16. 81 122.42
2016 30. 39 60. 77 51.71 142. 88 21.27 42.54 36.19 41.20 0.90 17. 30 126. 05
2017 33.88 65.90 59. 67 159.45 21.25 41.33 37.42 43.20 0.95 18. 15 132.20
2018 36. 44 72.70 69. 16 178.29 20. 44 40.78 38.79 43. 68 0.96 18.34 133.65
2019 46. 85 99. 08 79.25 225.18 20. 81 44.00 35.20 40.27 0.89 16.91 123.24
2020 39.15 86.18 83.54 208. 88 18.74 41.26 39.99 49,37 1.08 20.74 151.09
2021 43.01 94.71 93.02 230.75 18. 64 41.04 40.31 49. 65 1.09 20. 85 151.92
2022 42. 80 98.78 94.25 235. 84 18.15 41. 89 39.96 52.95 1.17 22.24 162.03
2023 45.83 106. 60 100. 06 252.48 18.15 42.22 39.63 54.18 1.19 22.75 165.78
14 19. 82 42. 11 38.07 46. 06 1.01 19. 34 140. 93

K3 ZREFNTEHSEEITEER

Table 3 Calculation results according to comprehensive trophic state index method

P HUBR 475 e M A IR B/ (mg/LL)

LA B TSR B BTk %

EBREA B ES RYIETT I/ (0T kg)

COD¢, TN TP CODg, TN TP COD, TN TP
2015 237.16 26.02 2.86 36.27 31.40 32.32 1.52 12.01 112. 68
2016 235.80 24.70 2.88 36.34 31.24 32.42 1.55 12.71 112.91
2017 245.54 25.02 3.11 36. 50 31.19 32.30 1.63 13.70 114. 11
2018 243.63 25.46 3.32 36.43 31.27 32.29 1.71 14. 07 111.29
2019 286. 72 31.76 3.49 36.79 31.63 31.58 1.57 12.16 110. 60
2020 219.36 25.29 3.36 35.96 31.49 32.55 2.08 15.83 122.98
2021 226. 80 26. 16 3.53 36. 06 31.52 32.42 2.11 16.02 122.18
2022 217.39 26.28 3.44 35.85 31.64 32.51 2.30 16. 80 131. 82
2023 221.67 27.01 3.48 35.89 31.68 32.42 2.36 17.08 135. 64
1 237.12 26.41 3.27 36.23 31.45 32.32 1.87 14. 48 119.35
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Table 4 Calculation results according to equivalent pollution load allocation method

N T TS Y N TS YL

gy OB A RS % SRAGAIL % %f*}/ﬁ(?/ﬁ)% s if;’,;’i;fgf%

a b CODg, TN TP COD¢, TN TP COD¢, TN TP COD, TN TP
2015 50562 27762 12. 48 27.39  60.12 22.74 49.89 27.38 0.52 10.48 209.60 0.96 19.08 95.43
2016 55177 29827 12.52 26.22 61.26 23.16 48.51 28.33 0.53 10.66 213.34 0.99 19.73 98. 67
2017 62390 33140 12. 34 25.15 62.51 23.23 47.34 29.42 0.56 11.04 220.81 1.04 20.79 103.93
2018 70791 36891 11.70 24.45 63.85 22.45 46.92 30.63 0.55 11.00 220.02 1.05 21.11 105.55
2019 86038 47188 12. 38 27.42  60.21 22.56  49.99 27.44 0.53 10.54 210.82 0.96 19.22 96. 10
2020 84019 43069 10. 59 24.42 64.99 20. 66 47. 65 31.69 0.62 12.27 245.50 1.20 23.94 119.73
2021 93126 47526 10. 50 24.21 65.29 20.57 47.45 31.98 0.61 12.30 246.05 1.20 24.10 120.53
2022 94848 48648 10.26  24.80 64.95 20.00 48.35 31.66 0. 65 13.17 263.32 1.29 25.67 128.35
2023 101195 52145 10.29 25.08 64.63 19.97 48.67 31.35 0. 68 13.52  270.35 1.31 26.23 131.16
1y 11.45 25.46 63.09 21.70 48.31 29.99 0.58 11.66 233.31 1.11 22.21 111.05

TE:a. b S0 HIF7R TP H0 AR 2R B b v B2 KRB 4 2R

£S5 MERPHREFLUESEETEER

Table 5 Calculation results according to environmental protection tax pollution equivalent allocation method

P BRI TS 5 T 5 YW o L L % R TS P Wi AT 9%/ (T /ke)
CODy, TN TP it COD, TN TP CODy, TN TP
2015 1262. 40 173.13 60. 80 1496. 33 84.37 11.57 4.06 3.54 4.43 14. 16
2016 1381.30 180. 88 67. 60 1629.78 84.75 11.10 4.15 3.61 4.51 14. 45
2017 1540. 00 196. 13 78.00 1814.13 84. 89 10. 81 4.30 3.80 4.75 15.19
2018 1656.20 216.38 90. 40 1962.98 84.37 11.02 4.61 3.97 4.96 15.87
2019 2129.50 294. 88 103. 60 2527.98 84.24 11. 66 4.10 3.59 4.48 14.35
2020 1779.70 256. 50 109. 20 2145. 40 82.95 11.96 5.09 4.81 6.01 19.23
2021 1955.20 281.88 121. 60 2358. 68 82. 89 11.95 5.16 4.86 6.07 19.43
2022 1945. 60 294. 00 123.20 2362. 80 82.34 12. 44 5.21 5.29 6.61 21. 14
2023 2083. 00 317.25 130. 80 2531.05 82.30 12.53 5.17 5.40 6.76 21.62
Sty 83.68 11.67 4.65 4.32 5.40 17.27
FRYE ST LR B T G 2 4 VAT A B 0 L B B ®6 2023 FRMUREBTLYEREITER
AT f 15 Y BT s BB AT SR A I A I 558 I B RETEAEER

BeORAP BB BN, 3 22 ) B B — 2k
FHURSHIENTE

3.1 AAAEZELERWLES T

iz 4 FORIR BIa AT 3 BT ik A AR N
A E AR S IR G AR 1 4 [ 4 s K Ab
PR COD,, (TN 1 TP HizfT 9% a3k 6 fr
N, SRR BT G Y A vk TS5 A
Lo, HA A 2 bR A Sl i COD,, WYIE 1T 33 3 o
i, M TN A1 TP A9 £ BRI A s, T AR %)
FE 12 AW ATE KA B B T g, AR R,
2006 4 2 5 BT COD,, AV A 1B 4T LA 4y
Bk 0.30~1.58 7. 4~29. 2 Jo/kg ( H1 %% JyiBf7 2%
50%71) , #FEAL 2023 4R AT HLA 450k 0. 44 ~2. 31
10. 83~42.75 Ji/kg, TEFE XRG4 125 )8
YRTTTE KA BT AT T EAY, A5 R R, 2008 A%
FREAAL Bt & COD,, 2 & 1Y 3B A7 MUA 43 5l
1.064 8. 19 Ju/kg, #:55hy 2023 40 L H 0 0l
1.445 11. 12 Ji/kg, SARZP BRI, 24 H K

3

Table 6 Calculation results according to different
methods of operating costs for pollutant removal per

unit mass in 2023

BT/ (TT/kg)

ik COD, N TP
AR IR T4 i ik 1.19 22.75 165.78
Y NGV N
Cre H AR R Ry Y 203 LIS
LA BRI TRE B 2.36 17.08 135. 64
S5 funs o Bk
(TP H v HEBR ) 0.68 13.52 270.35
IR BTG e 2 )
ik 5.40 6.76 21.62
eSS TS AR
(2016 44) 1.4~14  1.75~17.5 5.6~56
[ RBP4
(2023 AT I A1) 1.5~15  1.91~19.1 6.1~61

TP i & vk B Z R /N T 0. 5 mg/L, B ik 5] GB
18918—2002¢ 3l 15 /K Ab BR ) V5 Y W HE A v ) —
% A HEBChRUERT 30T 15 K AL B ) b 2E BB R s 1T
BAS A 50 ~ 150 Ji/kg, #% 2023 4F AT LA 3F R
67.9~203. 7 Ji/kg, FEFFIFAL T Bk S br
oL LA E SRS B T AR B &
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B B COD,, . TN, TP 191z 17 9% 3 Bl 20 %1 Ky
0.68~2.36.13.52~26.23 131. 16 ~270. 35 Jt/kg,
BA 43504 1. 385,19, 895 175. 733 Ji/kg, 5
DL BB A SR 2z ) EA R R i — 3k, R IA S
BTSSR S A E Y

IR COD, X 7K PR BE 452 Wil A (A4 3 A A2
HEKAR & E AL R S TR AL (DO) I = —E
(R EE P8O0 5 T 6 B 3 i 2 16 15 K P R TN 32 2
BRI AR, A AR T R & B 5078
R BA BRI ST ), AT 0L, COD,, 5 TN
Al R 2R AR BN K T — s B IR g2
YEM . #5824 Xt 5 8 2k 1 sT ik o B s 17 9%
ML, & —E R E LS 2B cob, 5 TN ik
#r{H., 5 COD., A1 TN AN[A], TP FEAK A h F 22 i
wE A, AT RO B, PRI X B SR
AR TTRR IS AT B ], e — e FR B e Al
(= W N 2 R e I . o 1 o P B s LW
LEOE IR RO B 1 LB B A ) g
WA HA gl i ) TR Ak CODg, A1 TN 7R 22
P, WiE Al TP WA EEE A, PRt R A8 e
e, DEE M4 S COD, A TN BIRFESR H &5 L, i&
JETF I TP a3 A b L,

SR AT 43 PO AR V5 G K A AR bR 1Y)
DURRAMC 2, S /KA s B SR A ) e 4 Ok, -
Oy PSS FE A A B K AR bR BRI AR IR, 24
TP Jox v FBE >R 0 7™ 4% 19 8 22 BR 1B (0. 05 mg/L)
i 113 ORI -l wb ) L R VAl g e R 27/ PR S et oy
Ik 270. 35 J0/ kg MM R FHARXT SE 44 1 A1 5 2 PR
{EL(0. 2mg/L) B}, BRLAS BT 15 Y W) K R iB 17 2 AR
131.16 Jt /kg,

3.2 EMAEMMRLSAE

MR E S RGN COD, TN H1 TP HHL AT,
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