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Fig. 1 Theoretical framework of carbon emissions of urban water system based on "water-energy-carbon" nexus
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s @ JE RAETE /K REFE M A DGO R H T 2019 4F 12 A )@ R & IH 4, & T57K4b
PR N I K B REAE SO Bk IE T 2019 4F 11—12 H X AH G BN A SRR E 5
3.2 WKk RGEHmAMZE R E
TV EHENHESR, 55BN K R G R SEBRARBLEE ST T T 7K R G HE %55
ik BV REA L FEH K RGEA R EREFE, AR IEK R
AR SE AR rh & JE R A: Tz i A PR RE
3.2.1 BUK R SGehHERL
O K TR mHE . R E /KSR Re IR B A P TR, AUl
CX:QXXWXXEFCOZ (1)
Kb GRHEKTREMKBAGE (kg); OMEKTREMKE (m'); wohEKTREM
JKBIREURSRE , B 0.109 kWh/m® 5 EF ., AL T BRHEL F 40, H{E 0.801 kg/kWh
( (ZREREFEITIEN) (GB/T 2589-2008) Al (E gk = A Aaiiliirg), TR,
@ $2K TREKRHER . AR AR 40 R, B T B /K T AR R Bl T34 X
oL
_8Xhyx0xp

" S ex 107y EF¢, (2)
Xh x(Ox

D:gDiﬁprEFCO (3)
3.6x10°% :

Ay oMl Coa3 i Mt K At T /K $2K TR KRR (kg) s g M S,
5 9.8 m/s’; Dy Al by 43 53] SR KN T b & /K BV R KP4 K 72 (m) 5 O MK s
(m’); p /KRR, JRUH 1x10° kg/m’; B uhsieR, Ul 0.752,
@ I EMKBRHEA . SR BRI B K (R REIRSR T | Fi /K L V351 5 R | v it
KBTI, A
Cy=0,x W, xLxEF, (4)
K. CoABIEMUKIRERCR (kg); OB HKE (m'); W, b5 | BEE/K TR A HE
BB K S Y RE VR SR BE  BUE 0.0045 KWh/m*xkm®™; L Rk B, o £ Bt
HF- Y K 26 B R 20 km™,
@ P KAV BEARBRHER . R R HE7K 5 B 7 (K (R BRI FE =LA T A5 5, 1A
Wk
Cy=0,*x W xEF, (5)
Kb GRS KIRHECE (kg); OARIKILFKIEMKE (m*); woAREAKdL
ALK RE TR E 4 0.102 kWh/m® ™,
& V57K /R K AR RRHE AL o 157K 151 R BE K B RHE I LA S s R BFF 1 5605 M 7 3 75 7K
[l TR AL PR ) T HI REAE R EA T HESY, B 0.621 kWh/m’s Wi ZK [ FH AR /K e HEICR:
TR R K AR A RE TR E R A B, T AR
CY:QYXWYXEFCO2 (6)
Kb COAFRKAGK BB (kg) s O WMIKAGKEHE (m'); W b K EH
MYREJRR S, HUE 1.55 KkWh/m® ™,
3.2.2 SBKRGHERL 5K RSB B T 32K B /BC K RE VR TH FE Y
MBS TR, AN
C,=0,xW,xEF, (7)
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CP:QZXWPXEFCO, (8)
K. M Coar il kil K FBLK RRHE R (kg); O FHIK (BLK) & (m’); WM
W3 0l A BELASE i K R 7K A BE TR B, A SCal A KN A SR KB 0 B A RN w45 4 K
J AR OCEE , T HAEAS B R K BE IR DR BE (B 0.543 kWh/m®s B0 Bc 7K A9 RE VR 58 B
I 4 0.320 kWh/m®,
3.2.3 Rk ARG mHE
O b KB . Ak 7K BRI 2ok A TR R RERTEAE, THEAN .
C,=0,x WAXEFCOZ (9)
Kr: Comfaol HKBRHECE (kg); QoMM IZKE (m?); W, kAl K B RE TR
BE, HUfH 0.336 kWh/m™™,

@ TV HABRHER . T AR T ZRA K FEREAFTES K SR, 45 B M Ao %k
JIRHEP AN AT T R RE AR T LA PR 1T K L B R REAE A TR A AR
KI T H/KFERE FEZAEH Tl KIRAESS | TEIREETK . B IR SE 38T . AR
25 A RSN T SR A (A 5T, B 2008—2017 44528 Tl =i b7 A3 Tl 4 44
b P EACE (P FAE, A IR K F B J Tl K BB R SR B, FF45-6 H T s
FEARMN T Tl A7k R i & . R . BcHERCRESE, 32BN T T K LR &
BEREORHERC R B, ARMN T Tl KB HERG A A

C,=0,x W, %I, (10)
Ke R TALFKIBRHERGE (kg); O TAb FIKE (m*) ;5 Wik Tolk FH /K 1 BE IR 5
By Ioo FORRIMTI T HIKER & REFEMIBRHE IR EL, HU(E 0.642 kg/kWh,

QJFE BTG K BRHERT . 2019 4F 12 J XFEBM i  IX A sn BRI A A i R E FH K (3
WA EATSEERY) FERENE AL B AT T ISR A, TS BN T A R RAE T
FKEPERIRERE . S5 45 PR IR B A A FeeHE i R4k, THEAR 21 B RAETE K&
BEAERIIRHEA R ECH 0.601 kg/kWho FBMI T FEAE TG FHZAKBRHEBC AR -

CJ:QJXWJXJCO2 (11)
b CONERAEAVKIRARE (kg); O NERATRHIKE (m'); Wbk RAE S H]
IKEIREIRSRIL 5 Joo, JIHABMITH i BOA G HIZK 55 REFEROBRHF IR AL, HU{E 0.601 kg/kWh,

@ A S KB HER . BEBURE TE0E . AL A = R I E MR R T 0 HT
RINAA T RKFERE BB T ARE . B WEMEE KSR TY, SHCAMR
HRORTR R 1 K LE B RFERE TR ik ), G5 G LA I 5 A LK Lu @l 7m
BORFNAS BN AT K BEFE, IE ARSI T A 2L A 36 K e, A0k

Co=06*WxGeq. (12)
s Co SR HIKaRARCE (k) s Qo AAIETRAIKE (m*); We A3 ]
IKEIREIRSRIL s G ARRIN T ASEAR I UK 55 BERE RO IR HR L R K, M 0.753 kg/kWh,
3.2.4 HEZKRISAKMIBRGERHERT 5 TR i e V57K A B BiaaE, Dz 57K
REERT 2 RERERRRAEAE S B E, XM T ¥ K Ak B i BERE B HE R AT 5. 1T
=R/N W

Cy = Oy X Wy X EF¢,, (13)
Kb G KRG R (kg)s Qv MIT/KAAHEE (m'); Wi his7KALHLRE IR
FREE, HUE 0.281 kWh/m* ™,
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3.2.5 SHEHKRFEZRESHERA  XLAEITE P L BRI R B E PPV 4N
T @ BRTRRBUK . HARBIL, Al K ST K i EIR R B 2R A 422
T ASCRIT S R, TR 2 [l R 5 L @ Sk TR L SIEftk . 5K
HHRBCK . T K FE BRAETR K L 57K Ak AT ER T B4 RE IR B2 i mm HR i 2R B0 A K8
PH T RH SRR FE SR SR AN T SE PR BCHEA TR E (Y, DGE TN O BaskdL
PHPRT Y REVR R BESBOR FAHSCHETE, AT HT T MK AL b 2 TRE Py K XS e
@ HHFER BRI R EOR A T (RS RS b HEH ), TR 48 12
GIER

4

4.1 FM Tk RGHHE R R 5

(1) BUKRGERHER . 2008—2017 4E A5 T BUK R Gom HERCSE I B KA, N
2008 4E 1 15.45 )7t ETFH| 20174619 25.62 )7 t, AEIGK 1135t (81), H, Hb
TAKAEK BB 5 2 S H07, 2008—2017 4EHEAFIFAE 7.94 Ji~11.01 J7't, XA THL
T AR ZS AR EE ML T KR . Ak, Bl A TP i L R R0 A F1 384X
FK ST RGN, HF K FFREBFFE K . 518K AR 2.20 T~5.42 Tt 2
B, AR TFH KBRS aRHEL . 2014 48 R /K AL R IR B M T Ak, 2015—
2017 AE R AL PRAE K (AR T B AR Y HL A543 301 R 29.87% . 45.37%H151.55%, 724k
BB HE > 9 1.84 J7t, 3.14 5t 427 J7t, ST A FTEH, s, R 2007—
2018 AEAR N T ¥5 7K [ 2 5 BBUK Y 1.73%~9.50%, H i1 T-75 7K 11 FH B9 BE T 5 BE Ak
(0.621 kWh/m®), HERHEBCAWIE K, 201745355 8.82 J7t, H M T Hu F/KALK Ak
Hefl o AR S R A S LB AR A, SN T B UK B HERL (UK BRHECS BV
K HAE) BB NFERZES . BACRE, AT s UK HE 2 BT, N
2008 4EA7 0.09 kg/m* B K F] 2017 4E11 0.14 kg/m®, B2 K K B a7 Bk i e il
BRGNS

(2) KR GeaHE . AT 25 7K Z etk HE 3 A4 7K RN C /K 2o 78 i e HE A
WFFEII N, KRN T 457K R GE AR HE R 2 /INE S LTk TR ZE T 2008—2017 4F B
7 H RN AR, PR K, H R BER 5 ) 2 /0 H A2 I 25 7K R BE I RE IR T
FE, PEMIPE LK RGHERI RN . N T 457K RGAEIIHRC 29.27 T1't, BT
BUK RS BBRHERL, 2007 4EBRHERR R, M 32.43 J5t, 2008 4EAUBRHERLER /N, }26.25

R1 2008—2017 F M THEUK REGRIBRHE (T 0
Tab. 1 Carbon emissions of different water intake systems in Zhengzhou during 2008-2017 (10* t)

Bok i 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
FHIK TR 0.23 0.33 0.54 0.35 0.35 0.38 0.72 0.82 0.66 0.67
K TR 0.20 0.15 0.12 0.16 0.26 0.32 0.79 0.17 0.53 0.76
Sk 3.45 3.94 5.42 3.50 3.93 3.57 3.36 2.71 2.20 2.24
/KL 1.84 3.14 427
Hb 7K HEK 9.78 1057  11.01  10.09  10.71 10.17 9.33 9.50  10.00 7.94
157K A 1.79 1.79 1.74 1.74 2.57 2.80 3.59 3.61 4.12 8.82
7K AT FH 0.87 0.87 1.11 0.93

Bt 15.45 16.79 18.83 15.84 17.83 17.24 18.66 19.53 21.76 25.62
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Jit (F2), 2008—2017 4EKSH T ZHEER 42352 m* 19 F KK, T4FE 36.5542 kWh ) H,
J1, 7PHE 29274 T3 t W BRHERL . FBANTH 45K R Ge 1 P $E A 1 m® 7K A BE R 5 B4 0.863
kWh/m®, Hiopr, Sl K D 7K G F2 BE PR 2 4331 4 0.543 kWh/m® . 0.320 kWh/m’*, il 7K i
FEXTIRHERL 0 DTRRR TR, 2008—2017 AR TH il Kt FE B HER A 184.19 T7t, (437K
RGRHEI 63%, THECK SRR F=A: i HER A 108.55 07t, TTlkRHE N 37%.

(3) H/KRGEBHER . 2008—2017 4FFBMI T /K - GemsHE B /Mg B 8 TS,
M 535.97 T t HE K F] 760.79 T to H 560

6 5 5
L R KR R | R AR
S, E 32177 J7 ~506.96 T t 2 Soul
8], X FHAK R Ge i HE L o1k R R 60% 3_?§
DL (FE3) 5 Tl AR BBk HE 8l
£ 20%~30% 2 6], FLEwsh Fre $
By PRI Y 6%~12%; fll S

0
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Y R 19%-3%,  FLARBRIE BB A

JK ZRGEAN [R) 119 RE R0 3 A K B2 2 2008—2017 4FHM T 457K R Gkl

flg J‘H fﬁ Hq 7J( /% éjf @% :H'g )‘ﬁ[ E/‘J y% /—\'_'E ? R Fig. 2 Carbon emissions of water supply subsystem in Zhengzhou
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34.28%~42.94%; AFEAETEFIKRAL S F

SUHZK R 5%~10%., R, 284 I3 20082017 4E M T FHK R GmHEIL

K BEVE 58 5 A0 FH K E 1Y %ﬁ‘?ﬁ M, J& Fig. 3 Carbon emissions of water use subsystem in Zhengzhou
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XN, LT LIZBS AT g
(4) HEK Ki5 K AL 8 R G HE &
B, 20082017 4 5k Ak 3 R e B

RCREIR ET R (Ea . K, 8
2008—2011 4EFasL a4, M 5.90 7 t3% 3 5t
£ 5] 7.08 77 t; 2012—2017 4F e 33 14 E
K, M6.93 7t K5 1432 T5t, y5/K

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Ak B HE TR 9 22 A 3 B R T K Ak A
HUHE AR DAY BE DRI FE M AR T, T I ‘
: - ; P4 2008—2017 AR V5 /K AL BB HFI
4n ’ A g I Fﬁ‘{57 (SUELLISH D E/‘J%/J\{E Fig. 4 Carbon emissions of wastewatti]treatment subsystem
%n%ﬁﬁ B BLAE 2008 ﬁiﬂiﬂ 2017 ﬁi s éi}' in Zhengzhou during 2008-2017
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HA 5905t 143275 t, FBJFEFLE TR T ¥5 KA P 2.62 /2 m* 151K 3 6.36 12
m®, 75/KACHERERE M 0.744Z kWhE K 5] 1.794/2kWh, [6lH}, 2008—2017 4434 T 757K
AP BRI TAR 38.4744 m?, AR RERE IR HE R /513K 10.81/2kWh #186.59 J7't.

(5) FBM T 7K R Gt HE B ARFFAE 43 B o X4 F R G B9 i HE e 170 B &k 3,
2008—2017 4F R T /K FR G2 B HE BB R 2 BT, M 2008 411 583.58 J1 t I T3
201741 833.16 Jit, AFIHEIKR N 4.04% (K5) HF KRG REIRGRE B KT HAb
FRGEHREIRREE , FOMN K RGERHEUE L F 22 K R m, FK RS
BT G4 S (BME N 654.42 J7 1), XFIR T /K 2 G888 ARRRHE A TTRkE 9 91.31%
~92.65%; HA LA T R G iHE R DTHCR AT BAR,  Hid 45K R S0 1 HERL Tk %k
3.86%~4.76% , HARMKNBUKR o0 muvkss mekzss
gt HEK 5K RS, iR BT BRRGE  WHOK RIS KA RS
HRRIL 59 h 2.27%~3.07% . 0.94%

= 600}
~172%. RERIESTRED, K S
RAMAERI 8 G TROK, Sk, # £, |

K R im kA B RE R RERE , JF RO R

MR TH 7K R GERRHER I PP P 3R i
2008—2017 AR 7 7K R Bt HE 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

NS A AL 3 Sl \ Ay

T RS T et 2 RE R S B HE AL 1)

& 9.85% ~14.15% . 4F Y9 {H W Fl5 20082017 AFKBHITH 4T RGEMHEL

11.73% (%\% 2). 7J(,% /Lﬁz)“iﬁﬁﬁl IE BRG] Fig. 5 Carbon emlssu;r)usri(;f v;(r)l(;);szzlil;systems in Zhengzhou

Ff 1) A2 AR T B, 2008—2010 4F ¢

2013—2017 A A B 2 T, F2 20082017 MM K RGRHEM S L
LIFHAE THZ BN 7](?\ SRR A Hfﬁ— Tab.2 The proportion of carbon emissions of water system in
i j][] , ﬁ'ﬁ%ﬁ%ﬁi}%ﬁﬁﬂ( %ZIKEP%%Q Zhengzhou during 2008-2017

R FHEs 20102013 EAFE 2L e ”"%?fﬁﬁm ‘ﬁ?;@ff J“f/"f
51 RV SO T o0g pree 00 v
FHOKER T TREUE I 2R A 38, MIHEKER 2000 604.92 5370.28 11.26
GuicHE BN At SRR IR HE B TTER 2010 742.04 5244.75 14.15
KAHE N, LA, 2008—20174E4 2011 699.39 5804.06 12.05
M T B4 GDP K R EERHERT T RS i 2012 733.57 6399.01 11.46
HIsE, M0.19 570 FRES10.09 t5oT, 2013 680.55 6910.49 9.85
i A9 7K 2 55 B HlE ik A Ak i B R 2014 716.63 6790.08 10.55
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4.2 FRM TR R G Tk—RE—RR” K BREFIE

2008—2017 AFKRMI T 7K RGEEBEFE N 1114.6512kWh, ElHECA 7111.09 J7t, F
REFEDRIE N 2.86 kWh/m®, BRHESRIE N 1.82 kg/m® (F3), EMFIEIAN, BEFER I FifR
HEmonm B 4 2/ MES K R N F T RS R REAEDR B AR HERGE B A R R, H
KRG, ik 7.68 kWh/m' F14.81 kg/m’; BUK RS, 43514 0.14 kWh/m’®
0.1 kg/m’s BLAL, Bl KT RGN, IRTT7K R G ReFE FsHE RO R 2 R 3K
B, IR T R G REAESR B MR HE R B A Lo Tm],, Hid AR RGERBUK R0
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&3 2008—2017 FE B THK R G " Kk—BE—FR KB DT

Tab.3 Water-energy-carbon nexus of water system in Zhengzhou during 2008-2017

TRES S 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Ait/3{E
BUk  BUKEfCm?) 1629 17.42 2023 1625 17.03 1599 1632 16.73 18.00 18.65 172.92
RE HERE(ILKWh) 193 210 235 198 223 215 233 244 272 320 2341
fiEREREE(Wh/mY) 012 0.2 0.2 0.2 0.3 0.3 014 015 015 0.17 0.14
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IRHEGRE (kg/m®)  0.09  0.10 0.09 0.10 0.0 0.1 011 012 0.12 0.14 0.11
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JHK HKE(fC m’) 12,65 13.92 14.04 13.51 14.03 12.68 13.16 13.53 1424 14.16 13592
e AN ) 85.16 87.85 109.88 103.46 108.42 99.50 105.75 109.83 112.86 121.17 1043.88
REFEMEE(kWh/m®) 673 631 7.83 7.66 7.73 785 804 812 793 856 7.68
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HiK K JsKANBR(fZmY) 262 3.02 3.2 3.5 3.08 415 351 462 485 636 3847
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f:b REFE(fC kWh) 91.10  94.39 116.90 109.96 115.15 106.45 112.59 117.16 120.74 13021 1114.65
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WHERE (kg/m’) 165 157 178 188 191 1.84 193 191 186 1.90 1.82
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PL2017 45 R, RN T 30k oo R /K 2R ma KGR AN 51 8 T RE SF UK B Ut T
18.65 12 m* /K BE 5, THAE T 3.20/Z kWh IIRETR, 7224k 1T 25.62 1 t BUBRFE; Ak %
G E KT N 4.6940m’, BEFEFNARHER 301 4.054C kWh F132.43 J7 t5 Ak, T
b AR R A I S K ER AT B K . RETHFE N 14.16 /2 m* . 1211742 kWh, BRHERCH
760.79 77 t; HEK K5 KALBR R G5 KA R ok 6.36 42 m®, 7= A= [ RERE R HERL 5 3 M
1.791ZkWh 1143277t (E6),

W K R GEAS R PR FR 7K B I B 2 AR HE A 2E S ) L R . 2017 AEHIK &
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o7 FEAIXT A, 430000 3.07% . 1.72%, AT WK R G0 A9 RE VR T AE S ik HE ik 19 3= BRI
TERRG AR, GRS S 2R HET A . R RATE K (17.931 kWh/m®) >
NEAETERIK (8.766 kWh/m?®) >TolLfZK (5.033 kWh/m®) >FiZK [ (1.550 kWh/m®) >
V57K (0.621 kWh/m®) >HKEFE (0.543 kWh/m®) >4l K (0.336 kWh/m®) >tk
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Fig. 6 Water-energy-carbon nexus of water system in Zhengzhou in 2017
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Abstract: Discovering the inherent mechanisms between water cycle process and carbon
emissions in urban water system is of important theoretical and practical significance for
promoting water- energy conservation and low- carbon optimization. From the perspective of
"water- energy-carbon" nexus, a theoretical framework and a series of calculation methods of
carbon emissions within urban water system were established in this study. Based on statistical
data from 2008 to 2017 and data obtained through questionnaires, the carbon emissions of
water system in Zhengzhou city were calculated according to the energy consumptions of each
subsystem. The characteristics of water- energy- carbon nexus in water system were
demonstrated, based on which further analysis was made under different scenarios of carbon
emission reduction potential. The main conclusions are as follows: (1) Water system of
Zhengzhou city involves various subsystems, including water intake, water supply, water use,
and wastewater treatment. The carbon emissions of urban water system were not only
influenced by the amount of water supply and use, but also affected by the mode and distance
of water delivery, energy type, structure and efficiency of operation facilities, and terminal use
in each subsystem. Water use subsystem was the main source of carbon emissions, indicating
that the main reason for the growth of carbon emissions was the increasing water demands
driven by urban expansion and population growth. (2) There exist huge differences in carbon
emission composition and intensity, as well as the temporal changing trends of carbon
emissions among different water subsystems in Zhengzhou. Specifically, the intensity of energy
consumption and carbon emissions of water intake and water use increased obviously, while it
was relatively stable in water supply and wastewater treatment. Attentions should be paid to the
increase of energy consumption of water intake and water use system, especially the increase of
carbon emissions caused by long distance water supply and the reuse of raw sewage. (3) The
different characteristics of "water- energy- carbon" nexus of different subsystems of water
system in Zhengzhou were mainly affected by changes of water use, water treatment methods
and processes, residential water use habits, water conservation awareness, natural conditions,
and climate change. (4) In the future, water system efficiency should be improved to reduce
energy consumption and carbon emissions. Effective measures include urban industrial and
domestic water saving, water treatment process improvement, water saving promotion, water
system optimization, low-carbon management, and energy efficiency improvement.

Keywords: water system; carbon emission; Zhengzhou city; water-energy-carbon nexus



