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Expansion and Layout of Ecological Water Compensation System for WWTP Tailwater in a

Northern River Basin under the View of Carbon Reduction

DOU Nasha', YIN Haoshuai’, HUANG Kai* ", ZHAO Rong’

(1. Qingdao Engineering Consulting Institute <Qingdao Industrial Research Institute>, Qingdao 266035, China;
2. Shanghai Municipal Engineering Design Institute <Group> Co., Lid., Shanghai 200092, China)

Abstract [ Objective ]  This study evaluates carbon emissions through the lens of using regenerated water for ecological
compensation and subsurface recharge in seasonal water source channels of northern regions, aiming to restore aquatic ecosystems and
improve water quality. [ Methods ]|  Taking a northern river basin as a case, the research compared two expansion patterns
concentrated + distributed construction versus fully concentrated construction for wastewater treatment and ecological compensation
systems. Following the carbon accounting boundaries and method ologies outlines in the Technical Guidelines for Carbon Accounting and

Emission Reduction Paths in Urban Water Systems, the study employs contrastive analysis to examine carbon emission characteristics
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during both the construction and operation phases. [ Results]  Carbon emissions during construction are 101 583 t CO,-eq for the
concentrated + distributed model and 107 172 t CO,-eq for the fully concentrated model, while unit carbon emissions during operation
are 2. 530 kg CO,-eq/m’ and 4. 164 kg CO,-eq/m’, respectively, representing reductions of 5.21% and 39.24%. Notably, unit
carbon emissions from wastewater collection networks differes by 76. 76% between the two models. [ Conclusion]  Construction-phase
emissions primarily depend on project scale, with the concentrated + distributed model generally requiring smaller engineering scope
and thus lower emissions. The main influencing factors of unit carbon emissions during the operation period include the average
hydraulic retention time of wastewater in the collection pipeline network, energy and chemical consumption of wastewater treatment
plants, and energy consumption of recycled water upgrading. The average hydraulic retention time of wastewater in the collection
pipeline network has the greatest impact. Therefore, the concentrated + distributed model demonstrates significant advantages in

reducing carbon emissions during both construction and operation phases. This approach is recommended for priority adoption in similar

basin expansions of wastewater treatment and ecological compensation systems, offering critical support for water ecosystem restoration

and environmental quality improvement under China’s " dual carbon" goals.

Keywords river basin ecological reclaimed water compensation for WWTP tailwater concentrated +distributed construction —fully

concentrated construction carbon emission
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Fig. 1 Expansion and Layout Modes of Ecological Reclaimed Water Compensation System for

Wastewater Treatment in River Basin
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Tab. 1 Comparison of Scale and Process Routes between Two Construction Modes
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Tab.2 Design Parameters of Treatment Systems of Two Construction Modes
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Tab.4 Calculation of Unit Carbon Emission from Wastewater Collection Networks during Operation Period
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MN2(1-T—IE‘L|&ﬁALI\£E£IK/%E/‘J N,0 A f&
kg/m’;

22/14——1/2 N,0 5 N 4> F i kb ;
265——N,0 2 ERAS WV RE M, %L, kg
€0,/ (kg N,0) .

V5K AR BT K R B,

(4) BEFE : 15 7K Ak BHIH G 1) L RE 7™ A= A B HE i
HHE(13),

Cy=(EEw)/Q; (13)
8 FE L 7 A i HE R BE

kg/m3;
E,—VF A BB kW -h/a;
E,—— M X R 7 Rk B ER e
DI H, 0 R PR 77 S E (BL CO,-eq
71)0.941 9 kg/(kW+h) ;

Q| —VFHHAE N AL B K i m®/a,

(5) Z4FE : 15 7K Ak BEIH AR 1 2570 7 A2 1) Bk HE
A (14) .

C, = 2 (Mcl,iEFal,i>/Q’l (14)
i=1

Horbr s €, ——THAB R 2830 7™ A= 1 8] 42 Tk HE i i

J#  kg/m’;

M, ,—— PN © B2 S AR,
kg/a;

E, —— 5 i FOZGA S HER T (1 CO,-
eq 1) ,ke/kg;

2y REL,

n
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Tab.5 Calculation of Unit Carbon Emission from WWTPs during Operation Period
B €O,/ (kg CH,/ (kg N,0/(kg FLFE/ (ke 2hE/ (kg HI/ (kg
) CO,-eq-m™) CO,-eq-m™) CO,-eq-m™>) €O,-eq-m™) CO,-eq-m™) CO,-eq-m™)

bl AT 0. 283 0. 171 0. 156 0.755 0. 361 1.726
B 0. 195 0.171 0. 155 0.732 0.311 1.564

) 0. 169 0. 099 0.116 0.743 0. 071 1.198

D)~ 0. 165 0.111 0.116 1.537 0. 096 2.025

S AR 0.223 0.131 0.136 0. 692 0.243 1.425

M 5 Fin, O E HRCHE AR5 T+ 531
R A IMECE 245114 0. 473 kg CO,-eq/
m’ KT g rp @AY 0. 490 kg CO,-eq/m’,
QP A4 b A 2 I BRSBTS K AL BR

0.200 kg CO,-eq/m’ MR T2 @ w#i=y 0. 243
kg CO,-eq/m’, @5 7K A B4 11 207 i HE AL i, 42
T BB S T A TH IR 1,439 kg
CO,-eq/m’*, W i T 4 h @ BRI 1,425 kg

TR E ML R /N T o3 B =, g vh L ikt
Y AL BEABAR T4 v + 3 BB X, BEFE B HF i
S+ U BT IACT-228 0. 766 kg CO,-
eq/m’, T RERAEBHAN 0.692 kg CO,-eq/
m®, @A A BB A ISR I A A DR AT
FEMPLBTR IR AL 2 | LA S /K AR 3R Ho s i 2 ,
PR W e m TR D+ B, 254
B HE A 22 4R v + A3 WO R T B ¥

CO,-eq/m’,

2.2.3  FAETKEE AR Tk
PRAE KR R GRS T AR TSN, FAEK
ETEZ B A R A A A A RO, S B0 $
Hiik B FTHFEHL RE L 25500 ORI FE A9 Tl 422 i HE %,
PETH ALk R K 88 TR FE e T BN [ 2B HE L, 3
B (13) 4R IRER 1 3K 2 BRI A

w6 i,

R 6 Iz E MR RIS A AR O

Tab. 6 Calculation of Unit Carbon Emission from Reclaimed Water Pumping Stations during Operation Period

Bist . #z%ﬂfl\ﬂiﬁ/ . %EFE%: @ﬁiﬁﬁ&ﬁkﬁj
(m*-d™") (kW+h-a™") (kg CO,-eq-m™?)

SR PAR+A T +B T 150 000( —Z- %) 25 6 709 559 0. 087

50 000( —Z 3 ) 12 1073 528 0. 055

20 000( It = FE ) 25 596 405 0.078

5 000(Jb =23 uh) 50 298 203 0.154

cr 50 000( F—HIEu) 15 1 342 341 0.035

30 000( I ) 45 2 415 441 0. 208

D/ / / 0 0

LA PR+ BT5 K 256 000( —Z% %) 25 11 451 338 0.114

150 000( £k 53 ) 30 5814 951 0. 100

50 000( B = Ik ) 15 1 341 910 0. 069

30 000 ( ¥ U IR 3k ) 40 2 147 059 0.185

20 000( Jb = FEuh) 50 1 789 209 0.231

W 6 frow, 2 Bl 252 T Y K A6
TR i 26 AN TR, GBS g HE R o AN TR, 4R v +
3 R AR A P 2R K 4R T 2R il B A7 Bl HE

B AN 0.617 kg CO,-eq/m’ & T 4 8
r g S 1 P A K B T 2R s HE A (0. 699

kg CO,-eq/m’) ,
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Fig.2  Unit Direct and Indirect Emission during

Operation Period

WE 2 s, OizE A 2 P X sy B mcHE
AT, B v+ 43 HOE B I AL 2 Bk T
ML BTN 0.947 kg CO,-eq/m’, B AR T4 45
AR Y B B CE =, B3 2. 530 kg
CO,-eq/m’ , H FAHZ 1. 583 kg CO,-eq/m’, 3= % 5t
PRI A 5 7K AR WSO A T o ) SF- 257K 7 45 B s T
FLEERHE R K, Q12 B 2 R R Rl ik
Hefit G L3, 4R v+ Blca v e =X iy B o7 ) 422
HER B, B1TM 1. 583 kg CO,-eq/m’, IEARTF 4
Erba i B0y oy B R S, A
1. 634 kg CO,-eq/m’ , 2% 0. 051 kg CO,-eq/m’
2.3 EIEHMEZEHRGHRHEEC RS

15K B A AR AN K RGeS E A 2
P R HE R B AN 3 s

g 3 s, OB 5 b+ acd s
WRHE A1 K 101 583 t CO,-eq, K T4
AR RS R, A1 107 172 t CO,-eq,

B3 i S IR HE

Fig.3 Carbon Emissions Summary in Construction and Operation Period

@iz E A b+ o o B A R HE R, AT
H2.530 kg CO,-eq/m* I T 424 vl B2 =X 1 e
Hei Bkt B3 4. 164 kg CO,-eq/m’, P14 HH 22
39.24% , iz B 2 PR Y 15 K Ui A I 1) il
HEW £ 43 51 A 0.474 kg CO,-eq/m’ Fl 2.040 kg
CO,-eq/m’ , #1 25 76. 76% , 5% 15 /K WL 4L 45 W 5 K HE
TR R I AR
3 g

(1) HERCA F %00 58 X3R4 2R X 3, MR 4l
(EEK 55 RGBS W HE AR H AR R ) AT
A AEZR X A T HECR F R 0. 792 1 kg CO,-eq/
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(kW-h) Rz X3k i 7 20 5 4840 KB AR L, K
TR F R, S Rl K ) HE i T
0.941 9 kg CO,-eq/ (kW +h) #EA7iH5, A}, % &
BRI IRAAE T 5, FELEAR AT CO, T EHETK
FBIGKEM RGO, BARYE T 2 B AL
B R M 22 5, CO, HERICPR 74 5 A R 150 LA
H1.47,

(2) AT IRARYE 7 28 [ B 1 T 5k 0 503000 5
P AR TR S S PR M A R — e W2 A
17 ST Bt HE S A R 7T 0IE

(3) 38 W5 K A8 ) 8 Rl HE i o5, T
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