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Economic sustainability evaluation of cascaded combinations of raw water quality and
water treatment processes for drinking water
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Abstract; [ Objective ] Against the background of China’ s comprehensive victory in poverty alleviation and the overall
improvement of drinking water safety, the economic sustainability of safe drinking water supply in some water-scarce and
environmentally fragile areas, especially brackish-water areas, remains challenging. Existing studies using brackish water as a
drinking water source report large differences in water production costs and high uncertainty, mainly because the relationship
among raw-water quality, water treatment processes, and drinking water standards has not been studied jointly, and the reported
result reflect only one part of the whole process. [ Methods ] Starting from the complete chain of drinking water production, the
whole-process cascaded combination relationship of " raw water quality-water treatment process-drinking water standard" and its
economic evaluation model were constructed. Using raw-water total dissolved solids ( TDS) as the key indicator, the model
systematically analyzed the water production costs of raw water with different TDS concentrations under different treatment
processes for meeting different drinking water standards, and then compared them with the current first-tier water prices in major
provincial capitals and municipality with independent planning status in China to evaluate the economic sustainability of different
cascaded combinations. [ Results]Under China’s current drinking water standards, when raw-water TDS was <1 000 mg/L.,
conventional treatment or ultrafiltration could stably meet the standard, with low water production cost and strong economic
sustainability. When TDS was 1 000 ~ 1 500 mg/L, nanofiltration was required, and the cost increased but remained within a
sustainable range. When TDS further rose to 1 500~2 000 mg/L, reverse osmosis was required to meet the standard, at which
point the water production cost increased significantly and economic sustainability approached a critical threshold. When TDS
exceeded 2 210 mg/L, the water production cost exceeded the current highest water price of 4. 16 CNY/m®, and economic
sustainability became a concern. Application of the method to a prefecture-level city in northwestern China showed that, under
existing source-water conditions, conventional processes alone could provide compliant water to only 21. 46% of the population.
After introducing nanofiltration, this proportion increased to 58. 92% , while the remaining 41. 08% must rely on the higher-cost
reverse osmosis process to ensure drinking water safety. [ Conclusion ] The complete cascade from raw water to finished water is
an inseparable chain in drinking water production. The proposed economic evaluation method for cascaded combinations can
provide a scientific method for configuring different treatment processes and selecting water supply sources for drinking water
based on raw-water quality, and can serve as a reference for guiding urban and rural water supply planning and ensuring supply
safety against the background of continuously rising drinking water standards.

Keywords: raw water quality; drinking water standards; total dissolved solids; water treatment processes; economic

sustainability ; influencing factors; water supply safety; environmentally fragile areas
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Table 1 ~ Correspondence between raw water and water-use TDS standards for different industries
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Fig. 2 Schematic comparison of water quality standards across different industries
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Table 2 TDS standards for drinking water in selected countries, regions, and organizations
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Fig. 3 Cascade relationship based on membrane processes
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Table 3 Cascaded combinations of raw water and treated water in water supply systems using different treatment processes
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Table 4  First-tier water prices in major provincial capital cities and municipality with independent planning status in China

(excluding sewage treatment fees ) [**]

oo LERF KO i BN T O A e | K %
KoM 4.16 4.11 4.05 4.05 4.00 3.80 3.80 3.80 3.67
W H 5 Vap dis b = G IR #Ol M X # X R
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oo IS sy W RZ= [ M AR K ¥ 5t M
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x5 AHEERRKNEKIE
Table 5 Economic sustainability levels and water price ranges
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Fig.4 Cost of treated water produced by NF and RO from raw water with different TDS concentrations
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TDS<500 mg/L 1) HARKBTER T, HoK T A& U
ARRSE s [ — 2 g, AR RREE A AR E B
1 900 mg/L, ANA[FELEX [EFEHTE 2 880 mg/L,

3 M H
3.1 HMIREXEKKE

PYACHLIX. QY i T8 b & b, iy b ih A%
X, A 2. 71 )7 km®, ZAEFEAEREKE 400 ~
600 mm, VEAEZER T 1 200~1400 mm, TP =20
WA MLH, HJ, RH, PH %, EUKZFEE 8.01 14 m’,
Ho, MLH A 5 K3, o X848 B & 1
59.28% ., HNZAE . S0 WEsigsm, v
i, TDS A[ 35 10 000 mg/L LA b, 4 #b 3= 2 5] 3 10
TDS, FilREh . %1, BALY SRk E LG
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PRI B oA W 6 TR

mE 6 (a) Brox, HI L iE & CIM K T i ] Bt
TDS L& =E, WRE IS 11158 mg/L, @A
R IKIEIK AR UE 11,16 %5 Gnl& 6(b) Fizs, HI.,
MLH B H: 32 3 2 6 88 b, A5 ) B2 K B 5 bk
35.53%, b, HJ o™, ik 2780 me/L,
HARAE 11,12 4% 4008 6(c) in, HI 5 MLH X944
[FIFREE (1Y) 5% 25 F B A, B AR B 24.45%, FHorf, HI
YRR EEIL 0. 18 mg/L, #bR 3.6 15, WK 6(d)
FirR, REBIIT BRI B w4t AN HI 3 ST
BOAR, BORE 2. 12 mg/L, ARRERRIERY 2. 12 4%,
3.2 BIKBAREFESH

BT B, SRR -HK T2 - HARAK R
RIS TR (RB) KEZA DA, nE 6(e)
PR, S5RERW, ERMEMEIKTZT, QY ik
A 183.87 T NKHIAIEFRI A K, S N E L
) 78.54% ; RFANIET 2T, 54 96.16 Ji ATk
KATEA RS, HEATE 41.08%, 2R3 &
T2 A e, WIER 4—& 6, ot EE4
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Table 6  Drinking water purification costs and population

coverage in QY City based on local water sources

5K FOKTAL | ' 2%/@& éff}‘l?é}i I IN

E/mg- L' | KTZ AT | WA/TE | A/

HS £ 1542 4y Ik 2.46 2.16 11.06
N & 1598 4y 2.59 2.30 30. 48
XF X 2058 R&& 3.76 3.59 36. 21
ZN B 1979 R&& 3.51 3.31 10. 98
HC H 2169 B 5 4.13 4.00 1.14
7Y B 2258 Rz 3 4.43 4.33 18. 68
QCc & 2877 RBiE 7.52 6.72 9.17
H & 3942 RBiE | 11.88 10. 88 19.52

FEFESRIK TDS>2 000 i, H Bl A 54 J5 42 5 i A K
PRy, FEARE, FARZERTE I, A SCRIR AT
A RBOAERAN R SCHRAE D A5 . A DR 5 T2
FMES, REETES—HELL T SR T 2 A
A BN S XS A, RIE TR B ) A SE
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4.2 FRIKEIFIRAKAR RG]

TR A K TE H FSE F N E AV 2 2200,
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¥, 2018 4FRT =B 715 11 /08T, RAFAIR
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Bie 158 A B 22 f5] ( https: //hbsp. harvard. edu/product/
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Fig. 7 Drinking water cost, population coverage, and economic sustainability in QY city
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Table 7 Reproduced results based on existing literature

JFK TDS #eJ%/mg - 17! SCHR IR A/ TG - m” SCHR T4 ARBHRMEIE 5 A/ IG - m™ SCHR kIR
1 400 1.39 R AR 1.97 [49]
2150 1. 60 R RN 3.72 [50]
2250 2.19 KRR 4.12 [51]
2 480 1.65 KRFIEMAE, FPKE 5.13 [52]
3 060 1.32 K&K 7.08 [53]
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