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Figure 1 Theoretical framework of research on carbon emissions of urban wastewater treatment system based on “water-energy-carbon” nexus
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Figure 2 Process flow diagram of the first phase of a wastewater treatment plant (WWTP) in Zhengzhou City
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Figure 3 Process flow diagram of the second phase of a wastewater treatment plant (WWTP) in Zhengzhou City
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Figure 4 Variations of total carbon emissions of the wastewater

treatment plant (WWTP) in Zhengzhou City
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plant (WWTP) in Zhengzhou City
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Figure 6 Variations of carbon emissions per unit volume of wastewater treatment of the wastewater treatment plant (WWTP) in Zhengzhou City
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Figure 7 Variations of direct carbon emissions of the wastewater treatment plant (WWTP) in Zhengzhou City
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Figure 8 Variations of indirect carbon emissions of the wastewater treatment plant (WWTP) in Zhengzhou City
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Table 1 Correlation coefficients of influent concentration, treatment rate, wastewater volume, and carbon emissions of the wastewater treatment
plant (WWTP) in Zhengzhou City
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X, 0.3<1<0.5 B FAREEAR G, |1{<0.3 B AR 5 AH G
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ORI TR TR AR, 7R TS K A B R e
BB T REICHE RIS N . 25 I, EZE /K
FIE FElFIE e 184 ok 2 34 1) PR 2 [ 7K A B3 S
IKALFR &
4.3.2 75 R AT AR HE A B S BALS AT

TG KA EL T TR A Y RE R HE O
22 5% (11 8b) , ixX T L5 WA TREAS ] i) [l FH 7K Ak 3
A K, 2011 4R %) I TR I W FERRHE L
A (1728.68 tCO.e) 24 & — M T-F£ (883.99 tCOse)
FR9 24355, D DR AE T — B R 00 T A Ay [ ] 7 A 38
A 1503.08 % 10° t F13493.32x 10 t, [a] i 7k 4k
B, THFER 25T 22 AN = A i e R
HEBOmk 22 o W TR A P RE i HE s 7 A8 bt 34
3, WAERRHE O B R AB Y 4 A 7E 5—6 F
B MAHEAE 2—4 A 3 (F18b) . W T A2 (7K
YRR HE R (P RE R HE A 2 5 15 7K A 3 1 A
SAEAR ARG, — A0 ) TR A K B RE e HE
T A S IE 53 514 0.02 kgCOse/t Fil 0.04 kgCOse/t
(E16). P TR TS KA LS B AH 25 A K, (B
Wi 7K P RERRHE RO AR 22 1 4%, F AT W T
R K b o T — ) TR, H ) TR [ H ak Ab
HEE L A RITHFER R

5535 K A B 5 AR v ) REFE RS HE A [R], P RE DK
HER 3275 K AL B 5 /K b FR T 25 e H 7KK o
(RIS o 4% DR oF 79 300 1 ol 7 A e B I 114 5%
M 3 75 ) i K BEAEAicCHE A e i R BB B (R 1),
i, — W TR P FERRHETC 5 BOD/TN 7K #e B 1Y
AH SR BB ) 9 -0.125.0.103, T — A T F2 (10 g
FERRHE A5 BOD/TN #E /K ¥ B 1) AH 5 14 22 053l
S 0.295F10.365, eAh, — A I T AR A WK 4
FERRHEIT 5 BOD TN Ab B % (14 4H M 18 A7 3 5 i
F A I, W 7K 4 FE Al HE A 1G98 S I AR A7
BOD/TN #b B3 %) 52 1, [5G 41 T2 i) BOD #lI
TN Zb R SRR E . — 1 I TR A ik
PIFERRHE LS B 7K AR EER | Ab B K 3 A 5
PR 22 114 4 OC 8 35 PRV 88 L AH DG PE R B0 ok
0.546 (IE [ A1 56 ) F1-0.613 (f [ A1, (R B T WA
BN )
5 g SR
5.1 ¥1ig

I 1T 75 KA B 2R G A HE O — A AR R i

T, 22 R I RE g5, BYS KA B R 50
UL AbHE T 5 KA B R BT T ik H KoK
R I R K AL B BRI FE R R A () 25 S 4
Xof V5 7K Ak B AR v i) REFERRHE L P FERRHE RN B
FERRHE B AR A A AN R R BE (Y 520 . Bani 474X
BAL T I B R T K Ak B e K B HE TR 0.39
kgCOse/t, %M 5T 45 J AN A SC 50 B i 7K B HE il
(1.06+0.01 ) kgCOye/t 25 53K, Jii I 7E T Bani 5511
T 5% Xt 355 7K Ak BB HE I8 A% B850 PRl R BR A= Ak b
B EL R HERC, T 200 T BE R FE X e HE L 5
M), A5 SR ZE RIS s R EARSFEPIX I A AYO
TG A AR A I A B HE RO B4 R 0.29~
0.43 kgCOse/t, T AL R ARG, EZEH A
B HE A% BBV AL 45 175 7K Ad B AR S U Ak B
R A ) BEAE R FERRHE L , 11 AR T AR S A 5T
R R IR ABRHETI ; Singh 25058 S [ 1 EJEE 1)
50 JAE 5 KA PR e HE R AT TR S5 AR BN
FIR 5 7K A B 2R 5 1 I 7K B HE TR 3.04 kg COLelt,
Ly R A SCIIFFEEE JE 04 3485, 35 X — B G 1) 2 B
PR Singh S5A4% 5 A /NS5 /K AL B] 2R G2 1 T
PIBEVRFR T L7 CRRHERCE T30/ ) Z 41 i A5 54
SEFLA R R HE IR FAK) , HL S Th A8 FLA Rt
MTHAFE SR 2 T FR M T 05 K A B () R VR T #E
HUA HL g 5 i A P o G R s K AR B )
HETORZ 45 54 0.95 kgCOqe/t, FIAS STHIF 5T 45 S AH
I D PR AR T 3 AR V5 K Rb B b B T2 HE
PRt R HE IR S B A I AR AR . A 2
TN B 15 KA B AR VAN n R LA i 7K Rl
HE AR — 2 A R BRI, B A AR R) A9 A B K i 27
15 K Ab B 2R Getk H K K B FR AR A AR 3R 25 b 2
1 A F AR B HE AN [R] 2,

A b 15 KA HE 2R G A B HE RO 5T, — L
5 7K AR B AR AP, Gne] SIS 7K A B AR v
) RB IS 2 7 T > i AR Atk 3 T i 14 3 1) 75 2 A o
B Al 2 — o DA “IK—RE—Hik " S I A BE Xt V5 7Kk Ab
P FRAS A B B PR HE BCGHEA T IPA , P58 52 i I
IR HE BN SRR R R, AUCA T A T5 KL B
AR T2 5 1y B A5 T 22 Ak
AU HERE i 5 3843 BT R i 22 M A8 A N 2 25
PRI T 7K | A B U AT RS R FH R 1 i o S AL 2
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R .
5.2 &5if

AR SCAE “ K—RE—B " BT A ki 15
TRAL R G HE O FAREAMAR R |, IF DA T 375
IKALFR) N HARBFGE S 42, PPk T i5 /Kb P R Gtiz
17 B BOR TR PR AR HERC, IE 080T T g [ %
FEEBUT .

(13T V5 7K A B2 GE R[] B (R il 22 5+
B o 5 IR AR HE O R B /MR R HEF A CHLHE
i NLO HE ik . BEFERHE W RERHE L, Hop, CHL
HERCATNLO HE X PR S B R HE R 5 4 3 S b for
B2 5 EBRHEL Y 70% , BEFE A RERR HE X
JS A2 R HE ) TTERAR XT8N, A 24 7 B AR
[130%. 775 KA BRaRHERBOR Brh , R HER
TR R, E ] 2 e HE BRI RE R 28 240, TR e 7
PRI T 15 7K A B R Ge A iz 1 =S g # v, T
AR BB B HECR T2 BT S [R] Aot B2 e i
SRR D [ e HE R

(2) 3k T3 75 7K Ak B R HE 0 A8 Ak 2 222 05
TIRA B FHE K K BT B (BOD e B R TN R )
AR, Hor V5 KA B R 22 TS K AR B
A A S 3 A P A 1 BB R HE O 2 5t AN TR 1Y)
15 KA T AN 7KK B 22K T 801 BOD A1 TN Ak
PR ) A A 4 550 A 3 e S e ¥ K A BT K ORI Y
7K1 BOD FITN e 22 , 1 1M 3 250 CHLHEORT TN HE
il A=A AR PRI M T R Sk 4T 7K DA RRAR 75 K HE
il , XA Bl s kT T K AR B RS K Ak
P 0 17T A AT A2 R HE R 1) K 5 T s 4 o 35 7k Ak
BT 25 P 4 1 12 K K B o Al BB 7E — o A
JE I SR RRAR e H A

(3) 38 17 75 K Ak B e e s 5 95 7K Ah B o
[a] FH /K A B3R BOD/TN fif ¢ J3 1 Ak B 3455 i)
R2Z A ARR R MR . Hodr, ik aE
FEARHIE ORI 7K A FE i HE s -5 Ak B K o 5 I 2 Y
T AH G, RIIBEE 15 K L B EE G I, REAE T FE
W HERL A T B a3, B SRR RE0R, 5 i K 4 FE
e HE I 1) 3 U5 B AR AN 52 BOD/TN A BER [1) 5%
i, 55 0] FH 7K A R Y5 7K A B K e A R DG M
1R o FH IR AR o T AR 35k T 1 7K Ak ) 2 s HE Tk
L R 22 R R R B A A DG &R B X5 7K
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Ak EREAE R FE ) BiRHR T AR i R 2 201 1 B Bk Dk
HEH T o

(4) 3l T 75 /K Ak B AR Gete HETOR: 22 IR 32 3R] 1
M A #E . i T30 75 K AL BE AR GE AN [R) 3045
AR 15 K AL B T2 5K AL B G847 T00
HRKOK BEESK o] K Ab BRI RE PRIH AR S5 2
PR ZR SN, DRI 3k T 75 7K A P 2R 2 1 T D5 A
L I I ) £ A B HfE K | RE BEURYY 2 Mk
Bl 9 B3 [ %o 95 K b B 2R e i ik ik iz A7 B B

e SEULIT R, TR AR U A TR, A5
AR T 2011 AF A B8 X175 7K A BT A e HlE ik
HEAT TS M T NT5 KA B /N RUBE 28 355 B
TRV {5 K AL B R S ist7id B P R IR
SITRHR S R AL ; RAA T o — 25 8IS
IKAL B R GLIB AT A IR (A5 BT B BRHEL , I o
]S RIS, DL T it — 2D R 5E T5 KAk Blia 1y
o By e HE T s 272 AR, s it — 2B Ak 15K
AbERT 2R S {5 K A B ST 4 REDAHE
HAEZE L.
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Carbon emissions of urban wastewater treatment system
based on the “water—energy—carbon’ nexus

YU Jiao', ZHAO Ronggin’, XIAO Liangang', ZHANG Linjing', WANG Shuai’,
CHUAI Xiaowei?, HAN Yucheng', JIAO Shixing®

(1. School of Surveying & Geo-informatics, North China University of Water Resources and Electric Power, Zhengzhou 450046,
China; 2. School of Geographic & Oceanographic Sciences, Nanjing University, Nanjing 210023, China; 3. Department of

Resources & Environment and Tourism, Anyang Normal University, Anyang 455002, China)

Abstract: The study on carbon emissions of urban wastewater treatment system based on the
“water- energy- carbon” nexus can reveal the internal relationship between resource flow, input
process, and carbon emissions of a wastewater treatment system, and can provide important
references for low-carbon operation and management of wastewater treatment systems. Based on
the “water- energy- carbon” nexus, a theoretical framework and accounting method of carbon
emissions of urban wastewater treatment system are constructed. The wastewater treatment plant
(WWTP) in Zhengzhou City was taken as a case study. Carbon emissions of different links in the
operation of the wastewater treatment system were evaluated. Analysis was also made on the
factors that affect the dynamic change of carbon emissions in each link of the wastewater treatment
system. The research results show that: (1) Among the carbon emissions generated by the operation
of the wastewater treatment system, direct carbon emissions are dominant, and indirect carbon
emissions (carbon emissions of energy consumption and carbon emissions of material
consumption) are relatively small. (2) CH, and N,O emissions per unit volume of wastewater
treatment are mainly affected by wastewater treatment volume and water quality. (3) Carbon
emissions of energy consumption and material consumption per unit volume of wastewater
treatment decrease with the increase of the wastewater treatment volume. (4) Carbon emissions of
urban wastewater treatment system are impacted by many factors, such as, wastewater treatment
process, wastewater treatment capacity, operating conditions, post- treatment water quality
requirements, treatment rate of returned water, and energy consumption types. It is of great
significance for the low carbon operation of wastewater treatment system to strengthen the
comprehensive management of resource input and circulation process of urban wastewater
treatment system, and to promote synergy between water, energy saving, and carbon emissions
reduction.

Key words: wastewater treatment system; direct carbon emissions; indirect carbon emissions; “water-
energy-carbon” nexus; dynamic change; Zhengzhou City
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