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Fig. 1 The action mechanism of water resource behaviors on carbon peak and carbon neutrality goals
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Fig.2 The diagrammatic sketch of the CEEA
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Tab. 1 The FT-CEEA of water resource behaviors
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[ SR 1T ) 5% ST K RE VR T S BUE D 7.43 kWeh/m’, fing ke
TR H24.6 KWeh/m',

c6+ KB ArLKAAK
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Tab. 1 (Continued)

IKEREAT N CEEARIHE AR

AXP SRS H VL]

Tl sk Eg = Qg X E1y X Ep
WRUB, E9 = Cindustry X Rwater X EF

SHCIH: Qooh Tl FH/K AR, m™; Erg h Toll /K REIRSRJEE (A7 Tl FHK
HIRETRIERE R ), kWeh/m®; Eo>h Tolb FH/K ™ A 19 — AR HER 2 12, ke

Cindustry B LM L, KWehs Ryarer 2 Tl ART T/K ¥ FIZK AR HIHE

ATE LY H R

B H M : Er 0T MRS SC M AR G, HESCHFFTIA S H [ Bk T ) T
b FH K BEJREE 475,033 kWeh/m?®, HE T3 T#E i A B T AE A 10% 45 4 -

E0 = Eno

gl K Eqo
WRUB;

emission Eloabsorplion

44
=AX8e X —

‘emission 12

44

=wXAX0, X —

( 10c ) El Oabsnrpliun 12

SHHI: Ero KM KA M0 — SALBRHEBCH i, kgs Ev,,, L
FRK I ST R HECE, Kes Ero,anygon WA AT WP ) — A,
BRRICIE, ey AR Ml SEBRAEIETT L, hin's 6, A6, 726 (WL —
FULBHEHORI 2 B, vhm’s o WAGE, ASCHIEREE M3,

K < 44
Ejj=-) AiXoiX—
WRUB, 11 Z i i 12

SR Er O ESKAT R0 AR Y A, ks AR A
FHK 2RI, h; 6, SRR 25 FH 7K A — S A pim i
FECARLIE B RS K H OB — SRR ), vhm®

(AU 6, SUE T LAFERIFSR X S e 3RO

KA

E12 = —GXCPG XEFC
WRUB;

SR : Erg Sk I S A i A ARRR AR i, kes GRS
1k, kKWeh; Cpg b K I 4 HLBAL K LA BOPRUERE I FELE, ¢/ (KWeh); Ep N
B — AR HE L R AL, kg/to

S UL : CpoAYIUE PTIRIEATIE X A K AT IR A5 2, A
1% AL & KA R3. 75107 ¢/(kWeh) o Ep AYBUE T 2 #%1PCC
e T

E3=-013% (Epexploilalion * EPyisuibution)

(135) Ep,yoiaion = (E1+E2)/(Q1+02)
( 13C)Epdisuibution = E7/Q7

TLRK
WRPB,

SHRGI: £ A AU AE — LIS R, ke Qs W 211K
SR, 10 Ep oo WKVEBRIFRAT W 045 55— ACTRHER R AR
T K VEIHERTA — ILBRIL ), kem's By, Ex FNES52 5 I A KTt H
FARMIBRIR S (1A AR A — SN, kes 01, 02FIQ;
SRR T AR RIS £ HK SRR, 0 Epypoion M
KRR LT H 0252 — AL HE R L 2607 K VU R ) — 4
L), ke/m'.

. E14 = Q14 x Ey XEp
V5 ks . 9.8 xpx (ht + )
WRPB, 14T T3 X 100%

SR : E1a 15 KT R 1) AR i, kg Qra 5 K IR
i, m’s By ZFOKSERAT R A RE TR TE BRI (IEE BT V5 K I FEAY L
i), kWeh/m’,

SR Er,, BEET IS X 35K 4E R R TAE G158, PN
JKUCAE BERESR I IO LS BB 290,013 KWeh/m',

Eis=Es -Eis

emission absorption

o E 15 mission = @15 X E1y5 X Ep — Q15 X ReX Py X Ep
FEIRkAL IR B3 R

WRPB, Eps = Z Z Ey,

=1 ]

SR Eys 75 KA BT 0 — AL B ks Q15 757K AL
SR, ' By AR AN 7 15K A B R AE, kWeb/m’; By, WA EE
S TS ERERRE, kWel/m® ., SCBRBFGEA, T LUE X5 A AL E
FRE 7 K AT 9670 75 1) AR 03795 K 4 R O FE P
ROHTEIK I IR EE, — M H0.3%~0.5%; Pyt BB 6 0 5
ARcop FIARpop 4 BT K Ak BTG CODRIBOD,HY i ik HE 22, Bt
R 5 P LA L S E TR ERTSEIN , ARcop MARBop, U
ATHEACHEROB R TIE . Ercon P Ergop, S BT BR SALCODRI
BODF /b ) — UL, R4 51 ke CO, kg CODA
kgCO,/kgBOD;.

SR, o RS K ALBRA T 25 A RS 2% (0,26

E15 psorpiion = @15 X ARCOD X EFop +Q15 X ARBOD; X Egop kWeh/m’ s Hoflh [F 5 (¥ GBS L 1] S IUE AN R WAFIT0.8 ~ 1.5

KWeh/m®, 35[H0.177 ~ 0.780 kWeh/m’, PHHEF0.41 ~ 0.61 kWeh/m’, Bg i
0.44 kWeh/m’, 23R 7K 70380 ~ 1.122 kWeh/m®, P HITI 5% ZECH
14.27 kWel/m's - Efcop fll Epgp, M ARARIPCC A AT (1 50 % A
R PARCHERLIA T AT I3, 53 Er o M Epy o S791 90,69 11.650 AR
I P VG K 2 A RO, V5 /K AN BRRG (=Gl ) Fis K A B (—Zbs
1) CODFIBOD; ) 5 5 ¢ JiE 22 4314094 kg/m’*F10.58 kg/m’,

K a1 E16 = =016 X EPeypioition
WRPB, EP, pioitation = (E1+E2)[(Q1+ Q2)

SR : E R FEA /K 0 A AR 24, ke Q16 M FFA KA
M5 Epyiion K BRI RAT R 25 AT R B TR 2007
IR 0 — AR ), kg/m’

TE: ARG A SCHRI21], B3 SCRIPERE TR
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Tab.2 The average CO,
emission factor of power grids

in different regions

L7 kg/(KWeh)

BYATHIX E; BRATEIX E;
dbxe 0.8292 baIE] 0.8 444
R 0.8 733 ikl 0.3 717
lEE4 0.9 148 il 0.5 523
Ly 0.8 798 EIUN 0.6 294

SE3in 0.8 503 il 0.2 891
P 0.9 236 TR 0.6 379
ur 0.8 357 ] 0.4 821
W 0.6 787 S 0.6 556

BRI 0.8 158 =H 0.415
g 0.7 934 jE3e3] 0.6 463
YL 0.7 356 ey 0.8 696
WL 0.6 822 W 0.6 124
TR 0.7913 i 0.2 263
R 0.5 439 TE 0.8 184
VLY 0.7 635 i 0.7 636

#£3 TEMBRMISH TANEREE £, %E”
Tab. 3 The energy intensity of

unit groundwater extraction in

different regions Py, kWeh/m®

HHATHIX b, AHATHIX Er,
=78 0.44 O] 0.30
K 0.66 ikl 0.22
g 0.53 Wire 0.40
iy 0.62 VN 0.57
REFN 0.30 il 0.30
ITES 0.47 TR 0.41
LT 0.21 i) 0.34
bk 0.35 | 0.36
IR 0.43 = 0.45
1 0.39 a3 0.41
b 0.36 By 0.64
Wil 0.43 Hl 0.50
L 0.32 HifF 0.52
tinyed 0.40 TH 0.27
faNi] 0.37 i 0.60

FT-CEEA J2& ] Tt 38 Rl R ] Lb %58 4% bk 9 R
70 CEE AR ES ., TREIZE B I FIF5E
FRUBE ) 52 bR 75 5K, 8 38 M FH 2% 0 RTH] WRB [

c8 ‘@ ArLKAAK

CEEA A3, 7545, FT-CEEA F/K & IRIT MY
B AR A — O AR, R AR R I
AR I 5 T A T AS T BB AN 58 3

FT-CEEA H &R 20 11550 L # J2 AR X
BRI, (A2 SRR — i 2 SR A HE I 26 %
B, SRS A . FT-CEEA A4 T 17—
DR AR A RIRE ST B K R IR AT R A )
SRR HE I Y 2 1 — b AT HLR

FT-CEEA H 280\ X ITHA T EAM XS H L
P, B S 5000 P8 A R0 5 R TR HE o B A
AR T LGN EN S HE T EERE . 2R,
7] MR A S PRI 5 75 R A B0 2 % 1 i %k FE ok
FF AR P

3 MALH

31 AR R

O NIRRT I RTINS I SN W LUy NS/ T
JEAE MR ML KA, it EEE 6
U5 3 b Ve B AR AL . XSS T I A
AT S AT () P R, HLBE 22 ok B R S L AR S
PR [) R, 7 ™ T v 5 i R R AR A S
KR FER S, 24 2020 4E/K &I Ml 408.59
f¢. m’, AHIKEE P2 369 m*, A 4 V-2 K 7
[ 1/5, J8 T KA 0y o AR o B A R A5 B0 I
(CEADs) $2 I (A HE S 5 UL 3, Tl e 2 b 5
F e HE it 52 B e S R R AR FA, 2011 4k
PN 6.54 12 t, 2019 48 /0 & 4.48 42t B F
A KGR URAT M 1 S AR HE B e, % b X g o
R A BT B ARSI R
32 HERR

SEA) R K A FE ARG MK KR R
IRHEAK & KRR K S & A KA & . B R KED
KR BT IE K R R AR AT KR Tl
AR & RO SEPREEREE A L 4 F N T A HK
Bt T AR K T & A KR V5 Kk Ab
PR AR B F K IR AR K

HoE fe U5 AL G : b B R A 55 £ 1 (CEADs) |
2020 4R EARFEIERA R (b BT R A %)
AT R A8 7K B8 5 4 ) IR i 7K R A 25 ) T i 48 R 5
G AR ) G R A AR S PR SR AR i ) L 2021 4F
(P E GRS ) (P ERRIR A2 ) O [ R 5548
THES ) CP EDK RIS T4 45 ) QT 48 e 141 45 ) 45
Gtk
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Fig. 3 The trend chart of total carbon dioxide emissions in Henan Province from 1997 to 2019

33 ZRH5H
HET FT-CEEA Hl iR %R TH545 3 2020 4F0]
BB K BEIRAT A 1) A A B HE Y B3R 2 888.61
Tt BRI 4,
F4 2020 FHEEAKERITAN_SUREREE

Tab. 4 The CEE of water resource behaviors in

Henan Province in 2020 BALT: Tt
IKBEWAT N AR AR Y
MK $TH(WRDB,) 204.01
R KA (WRDB,) 268.01
/k% f}iﬁ?ﬁ JKPE# 7K (WRDB,) 509.51
HKALBE(WRDB,) 206.01
1 7KI% 4L (WRDB;) 0
KR EA Yy TRE HAOKEL(WRAB,) 123.45
(WRAB) B WLBZK (WRAB,) 44154
A= 35 Fil7K (WRUB, ) 2186.75
Tk 7K (WRUB,) 1512.95
/k%f:g?% k7K (WRUB;) -1 830.65
7K (WRUB,) -73.09
7K 1% 1. (WRUB;) —347.58
2K (WRPB, ) -7.98
ket TVRICROVRPB,) 215
(WRPB) 15 KA FE(WRPB,) -284.39
157K [m ] (WRPB,) —-22.08
&it 2 888.61

IKGEIRTIT K e B AT M) AR HE S 4y
Mo 2020 490 5 2 7K B IR I & 170 (WRDB) 3L 7=
H:1187.54 J1 t ) CEE: KIEBE KT AT %

1 CEE(509.51 77 t), di WRDB . CEE i9 42.9%;
R T K3 EU T4 (WRDB,), CEE (5 H 22.57%;
M Z T, H 3ROk 32 74728 (WRDB,) i b 2
17.35%; 4 /K 4k #4575 (WRDB,) 5 WRDB, 7= 4 ¥
CEE #2ilr, (5 [t 17.18%; W R4 J& T B b X, B A
T 7KIRAL T2, KR 16472 (WRDBs) 1) — 4 kA
HE 4 &4 0. 5 WRDB A8 H, /K %6 B FC & 47>
2020 4F 3L 77 24 564.99 77 t 1Y) CEE: WRAB, 5 I i
ik 78.15%, FE R & M A w1 KAEE L
RIS R RE X | 5] 8 HE X 4 2 Kb BEK T/
WRAB, 7E 2020 4F7#=4: 123.45 Jj t ) CEE, 5§ WRAB
7= CEE KLY 21.85%.

IRBERF A PRI B SR AR HE RS &
Mo 2020 471 g 48 K GE R A FHAT R 2 4 25 WRB H
77t CEE S Z WK B IAT (144838 1 1), T
WRUB, #l WRUB, {HFE K Ak A KB FIFRBE, 7742
TR Z 0 A AR HE RN, WRUB, B9 CEE iz =
(2186.75 73 t), WRUB, X (1512.95 J7 t); WRUB;,
WRUB,. WRUB; j*4E Z S bW iezion;, H WRUB;
FR W RTS8 e i (—1 830.65 J7 t); WRUB, 1 WRUB,
i) CEE 435I & —73.09 J5 F1-347.58 J7 t, 7K IR IR
a7, R SKICEAT A (WRPB,) 7748 4k
T HE RN, At K B2 AT SR 3 7 A AR AR ik I
5 2020 4 WRPB, 1 WRPB, (1 CEE 4351 —7.98
i M1-22.08 T3 t, A A AL B HE BRI T B
SZ A ; WRPB, 7 A= 19 46 1k i W W 24 7 (—314.66
T OImRTFHERU (30.27 T 1) -

4 HiE
SR TEZE VR HART K, 2K R 7>
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TR IRR, B 1R 56 E K B IR Sk i — 4 4k
WRHEBOZ ST IR AR R AR L — AT S5/ DR R, fill
TR 22 H RS R A X L. FT-CEEA & 7]
BT 5 18 LA ZK B2 I8 AT o, (R s A0 3 Fn ot
e, TR IK B IRAT MY CEEA T8 7 i A e i —

S35 30Hk:

[1] HERMWILE L, OBERGASSEL W, OTT H E, et al.
UNFCCC before and after Paris: What’s necessary for
an effective climate regime?[J]. Climate Policy, 2017,
17(2): 150-170. DOI: 10.1080/14693062.2015.1115
231.

(2] S A S AR L HE AL 24 B O B UE
)], W25 1 JA I, 2000(49): 57. DOI: CNKI:
SUN:LWZZ.0.2000-49-037.

[3] CHRISTOFF P. The promissory note: COP 21 and the
Paris Climate Agreement[J]. Environmental Politics,
2016, 25(5): 765-787. DOIL: 10.1080/09644016.2016.
1191818.

(4] AcFCss, Wmg, R, WU HAR T 3R EKR & RH
AERR [T]. A EZKAF, 2021(22): 29-33. DOI: 10.3969/5.
issn.1000-1123.2021.22.014.

(5] I3 4R TRk, FFia A Bkn xS A8 LR e 2
PES A MO Ss A (I, AR N RAL AN [ 45
Be /M iz, 2020(35): 7.

6] A, REM, DA, &, W™ His F K%
A7 J 4 i 5 20 K J BR [ K B AR 4, 2023,
39(1): 8-14.

(7] BEEEE, R, . AR IEIF & A R ks
JEBCE” [J]. KFIRHE 540, 1998(1): 25-26. DOL:
CNKI:SUN:SLKY.0.1998-01-010.

(8]  Eih, FEAK. A IR AL & BIE 5 R R (1] KA
% 5 ¥ i, 2004(S1): 50-56,70. DOI: CNKI:SUN:
SLGH.0.2004-S1-013.

(9] TRKZE, Bift A, 7 B, K GEURA g S i A 7K
EURAEAI A (3. ASATEUE, 1995(3): 39-44. DOL:
10.1007/BF02657007.

<10+ “|#” FaLKAAK

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

i, EAAE, WM. KU BT A TR -
B -A” BRI A 0] K BRI AR, 2021,
37(2): 1-9. DOI: 10.3880/j.issn.1004-6933.2021.02.
001.

SR ARSI, TR, 5. (IPCC 20064F 5 i %
MR LB BI2019M8 T T RO M (0], BRI TR,
2019, 37(8): 1-11. DOI: 10.13205/j.hjgc.201908001.
HEHY. A=A A 5 BT i SR PPAR i A AT R (D]
fE VR L2, 1999(3): 21-23. DOI: 10.16189/j.cnki.
nyge.1999.03.010.

XGE, BERRE, DY . AT I COL R A
ES ALESE g RN DN RS EoEI SN
2015, 25(9): 21-28. DOIL: 10.3969/j.issn.1002-2104.
2015.09.004.

VALEK A M, SUSNIK J, GRAFAKOS S. Quantifi-
cation of the urban water-energy nexus in México
City, México, with an assessment of water-system re-
lated carbon emissions[J]. Science of the Total Envi-
ronment, 2017, 590 258-268.

AR, R, HIERI, 45 T OK-BE-i” CHR Y
BT K ZR 8w HE O ST (D). M A e, 2021,
76(12):3119-3134. DOI: 10.11821/d1xb202112017.
FRIEDRICH E, PILLAY S, BUCKLEY C A. Car-
bon footprint analysis for increasing water supply
and sanitation in South Africa: A case study[J].
Journal of Cleaner Production, 2009, 17(1): 1-12.
DOI: 10.1016/j.jclepro.2008.03.004.

ARORA M, AYE L, MALANO H, et al. Water-ener-
gy-GHG emissions accounting for urban water sup-
ply: A case study on an urban redevelopment in Mel-
bourne[J]. Water Utility Journal, 2013, 6: 9-18.
RiBE, T2, 2908, 5. KAUAE B /K-fg-ik 2
T SCHRAR Y 5 AN E M2 A [J/OL ). PR35 TR : 1-
10[2023-01-18]. https://kns.cnki.net/kns8/defaultre-
sult/index.

DUAN C, CHEN B. Energy-water-carbon nexus at
urban scale.[J]. Energy Bprocedia, 2016, 104: 183-
190. DOL: 10.1016/j.egypro.2016.12.032.

WANG X C, KLEMES J J, WANG Y, et al. Water-
energy-carbon emissions nexus analysis of China: An
environmental input-output model-based approach [J].
Applied Energy, 2020, 261: 114431. DOI: 10.1016/].
apenergy.2019.114431.

ZUO Q, ZHANG Z, MA ], et al. Carbon dioxide


https://doi.org/10.1080/14693062.2015.1115231
https://doi.org/10.1080/14693062.2015.1115231
https://doi.org/10.1080/14693062.2015.1115231
https://doi.org/CNKI:SUN:LWZZ.0.2000-49-037
https://doi.org/CNKI:SUN:LWZZ.0.2000-49-037
https://doi.org/CNKI:SUN:LWZZ.0.2000-49-037
https://doi.org/10.1080/09644016.2016.1191818
https://doi.org/10.1080/09644016.2016.1191818
https://doi.org/10.1080/09644016.2016.1191818
https://doi.org/10.3969/j.issn.1000-1123.2021.22.014
https://doi.org/10.3969/j.issn.1000-1123.2021.22.014
https://doi.org/10.3969/j.issn.1000-1123.2021.22.014
https://doi.org/CNKI:SUN:SLKY.0.1998-01-010
https://doi.org/CNKI:SUN:SLKY.0.1998-01-010
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/10.1007/BF02657007
https://doi.org/10.1007/BF02657007
https://doi.org/10.3880/j.issn.1004-6933.2021.02.001
https://doi.org/10.3880/j.issn.1004-6933.2021.02.001
https://doi.org/10.3880/j.issn.1004-6933.2021.02.001
https://doi.org/10.13205/j.hjgc.201908001
https://doi.org/10.13205/j.hjgc.201908001
https://doi.org/10.16189/j.cnki.nygc.1999.03.010
https://doi.org/10.16189/j.cnki.nygc.1999.03.010
https://doi.org/10.16189/j.cnki.nygc.1999.03.010
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.11821/dlxb202112017
https://doi.org/10.11821/dlxb202112017
https://doi.org/10.1016/j.jclepro.2008.03.004
https://doi.org/10.1016/j.jclepro.2008.03.004
https://kns.cnki.net/kns8/defaultresult/index
https://kns.cnki.net/kns8/defaultresult/index
https://kns.cnki.net/kns8/defaultresult/index
https://doi.org/10.1016/j.egypro.2016.12.032
https://doi.org/10.1016/j.egypro.2016.12.032
https://doi.org/10.1016/j.apenergy.2019.114431
https://doi.org/10.1016/j.apenergy.2019.114431
https://doi.org/10.1016/j.apenergy.2019.114431
https://doi.org/10.1080/14693062.2015.1115231
https://doi.org/10.1080/14693062.2015.1115231
https://doi.org/10.1080/14693062.2015.1115231
https://doi.org/CNKI:SUN:LWZZ.0.2000-49-037
https://doi.org/CNKI:SUN:LWZZ.0.2000-49-037
https://doi.org/CNKI:SUN:LWZZ.0.2000-49-037
https://doi.org/10.1080/09644016.2016.1191818
https://doi.org/10.1080/09644016.2016.1191818
https://doi.org/10.1080/09644016.2016.1191818
https://doi.org/10.3969/j.issn.1000-1123.2021.22.014
https://doi.org/10.3969/j.issn.1000-1123.2021.22.014
https://doi.org/10.3969/j.issn.1000-1123.2021.22.014
https://doi.org/CNKI:SUN:SLKY.0.1998-01-010
https://doi.org/CNKI:SUN:SLKY.0.1998-01-010
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/CNKI:SUN:SLGH.0.2004-S1-013
https://doi.org/10.1007/BF02657007
https://doi.org/10.1007/BF02657007
https://doi.org/10.3880/j.issn.1004-6933.2021.02.001
https://doi.org/10.3880/j.issn.1004-6933.2021.02.001
https://doi.org/10.3880/j.issn.1004-6933.2021.02.001
https://doi.org/10.13205/j.hjgc.201908001
https://doi.org/10.13205/j.hjgc.201908001
https://doi.org/10.16189/j.cnki.nygc.1999.03.010
https://doi.org/10.16189/j.cnki.nygc.1999.03.010
https://doi.org/10.16189/j.cnki.nygc.1999.03.010
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.3969/j.issn.1002-2104.2015.09.004
https://doi.org/10.11821/dlxb202112017
https://doi.org/10.11821/dlxb202112017
https://doi.org/10.1016/j.jclepro.2008.03.004
https://doi.org/10.1016/j.jclepro.2008.03.004
https://kns.cnki.net/kns8/defaultresult/index
https://kns.cnki.net/kns8/defaultresult/index
https://kns.cnki.net/kns8/defaultresult/index
https://doi.org/10.1016/j.egypro.2016.12.032
https://doi.org/10.1016/j.egypro.2016.12.032
https://doi.org/10.1016/j.apenergy.2019.114431
https://doi.org/10.1016/j.apenergy.2019.114431
https://doi.org/10.1016/j.apenergy.2019.114431

e

ARV IRAT Hy 8y Z AR A & AT O i BN

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

emission equivalent analysis of water resource be-
haviors: Determination and application of carbon
dioxide emission function
table[J]. Water, 2023, 15(3): 431. DOI: 10.3390/
w15030431.

XIANG X, JIA S. China’s water-energy nexus: As-

equivalent analysis

sessment of water-related energy use[J]. Resources,
Conservation and Recycling, 2019, 144: 32-38. DOI:
10.1016/j.resconrec.2019.01.009.

ZIBIII L, BYRNE D M, MARSTON L T, et al. Op-
erational carbon footprint of the US water and
wastewater sector’s energy consumption[J]. Journal
of Cleaner Production, 2021, 321: 128815. DOI: 10.
1016/j.jclepro.2021.128815.

SEMIAT R. Energy issues in desalination
processes [J]. Environmental Science & Technology,
2008, 42(22): 8193-8201. DOI: 10.1021/es801330u.
FILION Y R. Impact of urban form on energy use in
water distribution systems[J]. Journal of Infrastruc-
ture Systems, 2008, 14(4): 337-346. DOI: 10.1061/
(ASCE)1076-0342(2008)14:4(337).

SHARIF M N, HAIDER H, FARAHAT A, et al. Wa-
ter-energy nexus for water distribution systems: A lit-
erature review [ J]. Environmental Reviews, 2019, 27(
4):519-544. DOI: 10.1139/er-2018-0106.
GRIFFITHS-SATTENSPIEL B, WILSON W. The
carbon footprint of water[J]. River Network, Port-
land, 2009.

HE G, ZHAO Y, WANG J, et al. The effects of ur-
ban water cycle on energy consumption in Beijing,
China[J]. Journal of Geographical Sciences, 2019,
29(6): 959-970. DOI: 10.1007/s11442-019-1639-5.
VAN DIEPEN C A, WOLF J, VAN KEULEN H,
et al. WOFOST: a simulation model of crop produc-
tion[J]. Soil Use and Management, 1989, 5(1): 16-24.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

DOI: 10.1111/5.1475-2743.1989.tb00755 x.

ZesE, JEAIE, AIL. TR BRI rh oK B IR
AR IR (1], T 5K R, 2002, 15(4):
296-301. DOI: 10.13826/j.cnki.cn65-1103/x.2002.04.
003.

XU J, WANG F, LV C, et al. Carbon emission reduc-
tion and reliable power supply equilibrium based dai-
ly scheduling towards hydro-thermal-wind genera-
tion system: A perspective from ChinalJ]. Energy
Conversion and Management, 2018, 164: 1-14. DOI:
10.1016/j.enconman.2018.01.064.

WHITTINGTON R. Hydro and the CDM: The role
of hydroelectricity in meeting Kyoto obligations[J].
Refocus, 2007, 8(1): 54-56. DOI: 10.1016/S1471-
0846(07)70031-8.

ZHOU Y, ZHANG B, WANG H, et al. Drops of en-
ergy: conserving urban water to reduce greenhouse
gas emissions[J]. Environmental Science & Tech-
nology, 2013, 47(19): 10753-10761.

BAKHSHI A A, DEMONSABERT S M. Estimating
the carbon footprint of the municipal water cycle [J].
Journal-American Water Works Association, 2012,
104(5): 337-347.

RACOVICEANU A I, KARNEY B W, KENNEDY
C A, et al. Life-cycle energy use and greenhouse gas
emissions inventory for water treatment systems[J].
Journal of Infrastructure Systems, 2007, 13(4): 261-
270.DOI:10.1061/(ASCE)1076-0342(2007)13:4(261.
ZHANG Q, SUN D, WANG M, et al. Analysis of
typical energy saving technology in the sewage treat-
ment plant[J]. Energy Procedia, 2017, 142: 1230-
1237. DOIL: 10.1016/j.egypro.2017.12.511.

Il R K SRR NS A ] 20104F
] DXl B 4 0 L T - 2 — SR AR R 7 (R B
AU E GO SRR B 23, 2013.

Carbon dioxide emission equivalent analysis method of water resource behaviors

and its application

ZUO Qitingl’z, ZHAO Chenguang1 , MA Junxia'?, QIN Xi', ZHANG Zhizhuo'
( 1. School of Water Conservancy Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan International Joint Laboratory of Water

Cycle Simulation and Environmental Protection, Zhengzhou 450001, China )

Abstract: On the basis of sorting out the correlation between water resource behavior and the goals of carbon peak

and carbon neutrality, the action mechanism and the measure problems of water resources behaviors (WRB) on the

“Wag” Ao EKAAK 1.
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carbon peak and carbon neutrality goals were described. From the four dimensions of water resource development,
allocation, utilization and protection, the CO, emission equivalent analysis (CEEA) method of WRBs was proposed,
and the CO, emission equivalent analysis function table (FT-CEEA) was given, including the calculation formula of
carbon dioxide emission equivalent (CEE) of 16 kinds of WRBs. The purpose is to provide a reference "ruler" for
accounting CO, emission in the water sector. Then, taking Henan Province as an example, the application research
of CEEA method was carried out. The results showed that: (1) The total CEE of WRBs in Henan Province in 2020
was 28.886 1 million tons, and water resource utilization behavior (WRUB) was the main contributor; (2) CO,
emission effect is generated by water resource exploitation behavior (WRDB), water resource allocation behavior
(WRAB) and water resource utilization behavior (WRUB), and CO, absorption effect is generated by water resource
conservation behavior (WRPB). The CEE of the four types of WRBs was 11.88 million tons, 5.65 million tons,
14.48 million tons, and —3.12 million tons, respectively. The research results can provide reference for the follow-up
research on CO, emission equivalent accounting in the field of water resources.

Key words: water resource behavior (WRB); carbon peak and carbon neutrality goals; carbon dioxide emission
equivalent (CEE); equivalent analysis (EA); carbon dioxide emission equivalent analysis (CEEA); function table of

carbon dioxide emission equivalent analysis (FT-CEEA)
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