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Abstract: The energy efficiency indicators of 970
WWTPs in the Yangtze River Economic Belt (YREB) were
evaluated, including the energy intensity (EI) via
normalization and the relative energy efficiency (REE) via
data envelopment Meanwhile,

analysis. influencing

factors of designing, operational conditions, and
externalities were analyzed. The results show that the Els
of 970 WWTPs change from 0.10 to 1.84 kWh-m™° and
from 0.41 to 1.42 kWh-kg" in terms of wastewater treated

and COD removed, while the variation range of REE is

Wk HA: 2021-12-18

HEAWH . FgTiRZERRAES E (21230712200) ; FiEgdiRHE Q&3 (17DZ21202100)
e T (1979—), B BIEEE , TR S0, T2, BT 7 10 15K REIRRCR SRERL

E-mail: hongtao@tongji. edu. cn

0.02~2.35. The impact of scale effect on energy efficiency
is significant. The WWTPs configured with activated
sludge-based processes tend to own better performance
on energy efficiency. Besides, relatively higher pollutant
concentrations in influent and less strict discharge
standards would facilitate the energy efficiency. Finally,
WWTPs in subregions of upstream, midstream, and
downstream in YREB have different energy efficiency
situations. This phenomenon is resulted from the factors
such as designing factors, operational conditions, and
externalities of WWTPs. This paper is expected to provide
theoretical basis and technical support for energy-saving

and emission-reduction of WWTPs.
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Fig.1 Study area of Yangtze River Economic Belt
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Fig.2 Process of data collection and screening
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Tab.1 Statistics of input and output variables for energy efficiency
indicators of wastewater treatment plants
B3] Hf /IMA BRI KRIE P b2
AR R kWh 17 342 2032872 138 869 383 3875158 7140 333
AR PR B it 7.00 745 24 034 1354 2036
COD 4F-Hi) ik &2 t 16. 15 1211 87 787 2762 5449
BOD. 4 Hil ik 12 t 3.00 506 37 624 1161 2341
TN A H t 1.78 129 7048 263 461
NH, -N4Hlg it t 1.04 126 9408 265 524
TP At t 0.14 14 1371 36 83

(2) R & 53 Hr

ARSI R G2 PRGN INE AR AR
157K AL BT IR 75 K AL B RRE SR i O, H
R R MR NLR 2,

Horp SRR O t-d D) R ERTZ,
X THRRAS >R FH B S B AT /K A ) A SEBRAR R
ffer (RMAE SN DK &) R S50 5 53 %
B AT IR T V5 KA B bR . X T2,
DR CTT 15 7K A 38 AR ) FNEA SCRR B
07 KA o3 124 FZAG] R — B — B
(anaerobic-anoxic-oxic , AAO) R4, — -4 (anaerobic-
oxic, AO) A1k (oxidation ditch, OD) JE =%

15132 (sequencing batch reactor, SBR) {FFME M5 e
iR (cyclic activated sludge technology , C-Tech) f£4¢
T PET5 ek (conventional activated sludge technology ,
CAS) (2t B Pt 36 P 5 Y82 (modified sequencing
batch reactor, MSBR) B A=t (biological aerated
filter, BAF) . J& A= %) )2 W £ (membrane bio-reactor,
MBR) F 8l RA P T 7 (moving bed biofilm reactor,
MBBR) A& T2 Hrh  f1E T2 FEERE AAOE,
OD S M5 IAT A 7 A T2 A , (ol a4/
UFAR-RREA I SORE A TSGR — A AR 5 K
SR AN T HA SR, s TR AL 5
Fiis gefahs ()P COD . BOD; TN NH, ~N 1 TP)
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B E A% (probability , P) JI W2 i {2 /K-, i@ i
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RN B TR 5% P 5 A VR R O, IR 22 103
TAEHRE (receiver operating characteristic, ROC) i
2 77 BT FH (area under curve , AUC) i 58 402K
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Tab.2 Categories and clusters of the influencing factors

285 A2 Rk
&t A (B /OT ted ) [0, 1).[1,5).[5, 10).[10, 20) .[20, 50)F1[50, 100)
R FEERTE AAO.AO.OD .SBR.C-Tech.CAS .MSBR.BAF .MBR .MBBR . HAth ( — 2 : k) FZH45 T2

AJKCOD JE e/ (mgeL. ™)
e AJKBOD, ik [/ (mgel. )
BT UK TN BRI/ (mgeL )

[0, 100).[100, 150).[150, 200).[200, 250)F1=250

[0, 40).[40, 80).[80, 120)F1=>120
[0, 20).[20, 30).[30, 40)F1=40

R AJKNH, N it/ (mgel. 1) [0, 10).[10, 20).[20, 30)F1=30
AJK TP Bt/ (mgel. ") [0,2).[2, 3).[3, 4)F1=4
SN HEWGEbRE L GB18918—2002 —Z A . —# B —ZAKT %
Etks 23 [Al KAT2e9537 LU R T i
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Tab.3 Basic statistics on energy efficiency indicators of 970 wastewater treatment plants
in Yangtze River Economic Belt
REIRRCR TR bR e/ IME EREIVR S e KAH FEIE brife2:
BN b K S LR/ (KWhem ) 0.10 0.27 1.84 0.32 0.18
BLAE COD il L #E/ (kWhekg ) 0.41 1.69 14.42 1.99 1.27
JEREN 0.02 0.29 2.35 0.33 0.21
AHXT IR Frft 1.00 1.06 2.35 1.13 0.27
FLSi] 0.02 0.28 0.90 0. 30 0.16
FEXT IR A TAR 5 R R KITZ T 970 ZRAFIES T .
JE TG K AR BR ) A 27 N FEARBE R E AT KA 2.2 FIMBERFHES T
T b A LA 2. 78% , Hodk 043 REAI () &iEZ

FE {5 KAL BT o AT RETR AL PRI RE IR 5i 11
PR ARG (1813) , B B 40 3R K i HLFE A
SETEFTE N E (K 3a) . S TRILASTF 970 &
15K AL PR TERE IR BCRIE AR 07 AR 22 57, )
SR BT 2R s A IRBC RN S 2E AT

RAT L5547 970 R T5 7K AL BT AN [R] b 2L 671 £ L2
L BT 2R REIRACR UL 4o Bl Ak B0 6
AR, 25 TR 2G5 /K AL PR B A R BE TR AL R 12 B i
BRI B0 R, O 4 (R R A R A T
ETb XTI T BRI E M N R A HE R A0 ]



182 A 3 K 2 2 3R CA 88 B % ) o5 50 %
2.5 2.5
032 T 9 T
20 F 2.0
¥ ¥
B 1S5t B 15}
L L
80| » &
E L
m
0.5 0.33 0.33
0 1.0 1.5 2.0 6 8 10 12 14 16
AR A EE K B HLFE / (kWhem™) BALCODHIE HLAE / (kWh-kg™)

a AN REVR K 2R B Aoz b BK B BRI AR R R A 1L

b AN BEUE R B B A COD I FE FE I AZ AL 2R R A 1L

B3 tEXBERRE S R IR R EIRIRxT L

Fig.3 Comparative analysis on the relative energy efficiency and the energy intensity indicators
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Fig.4 Relative energy efficiency of wastewater treatment plants in respect of designed parameters
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Tab.4 Statistics on energy efficiency indicators of wastewater treatment plants
in different clusters of technical processes
AT RERRCRARS PR AR S RIS (P2 ) / Hfy COD HIl s L FEFAIE (R 22) /
P AlES Bk IKAb ) (kWhem™®) (kWhekg ")

ik S/ Y% ARFFEAKARER T REIE KRR T ARFRIEKARER T @IS KA R

AAO 7 2.55 0.23(0.06) 0. 35(0. 20) 0.87(0.29) 1.98(1.32)

AO 5 6.85 0.34(0.21) 0.36(0.23) 0.93(0.44) 2.05(1.24)

BAF 1 5.00 0.20(—) 0.35(0.10) 0.62(—) 2.30(1.09)

CAS 4 19.05 0. 45(0.39) 0.41(0.23) 0.59(0.13) 2.17(1.24)

C-Tech 3 2.91 0.19(0.02) 0.27(0.14) 0.85(0.01) 1.65(0. 83)

TR MBR 1 6. 67 0.21(—) 0.40(0.29) 0.56(—) 2.30(1.18)

< MSBR 0 0. 00 —(—) 0.33(0.22) —(—) 2.01(1.24)

OD 4 1.15 0.15(0.05) 0.28(0.14) 0.51(0.08) 2.16(1.40)

SBR 2 4.88 0.12(0.00) 0.30(0.15) 0.46(0.04) 1.71(0.95)

MBBR 0 0.00 —(—) 0.39(0.19) —(—) 3.24(1.60)

Hotih (= geE4k) 0 0.00 —(—) 0.35(0.18) —(=) 1.91(0.99)

HETZ 0 0. 00 —(=) 0.36(0. 14) —(—) 1.95(0.60)

COD Ji 5tk 2 1 OR 55 T 7. 712, 3% IR A AK (3)HPER AT

COD it e B A6 X 7 (1) B rh B R — A3, %
I AR5 KA BT REAS i ARG K AL ) A A
WK 7. 71245, Bm i AIK COD Ji & ik &bk
B RONTE R W, A R T R A b B, 3
— E A SR P A G 1 A i A K COD
o e T AR A R [ A R e VR i R R
o b, AK BOD, Ji i iR BE A A K TN ik
(59 ORAE 3914 5. 338 F13. 210, Hy L AT HEWT, A
7K BOD, J5t 2 v & FlA K TN J5i B i 2 49—
G, 35 7 AT M R T A 3 ) R
FRAFRURE P T2 5. 338 F13. 2104% . %FNH, -N
ATPIIF GRS, H OR{E S0 3. 091 A1
3.029, PEAHICHFFT , 4 15 K AL BT A K 5 e
%, LRV T FE R B 2 B K (H A7 DI A BB 7K B
FIREFERC T, W A5 BAH R 458 . FE MBS A% 14
B BER WAE LT 15 e A K T e s, R
T EHIE A TS e b . RS A TS e
Wy JOFC R A FEE T XTI ) 7 VR T R At R {E AR
XoF RE R AB0R S T 5 /o

X F AN [R)HE bR o A 23 (R4 B 175 /K AR BT RE
VEBCRIPAG 25 R UL 6. 3 FEOR [RIHE AR 1 R 28, I
g AVEC B PR AR G A
S5 Y ) HE BT VR BRI . 4 2, V5 K A
TR HAT A HE B PR AE AR T 5 o & 6a P AT,
“MRT G BT KA R REAS S AR RE TR AR
32 1R F A 3 HERCR R R 2

TP A A5 R R R IR A HE R
HEXT TG KA EE T AU REIRRCR A B G F 5 5
(P << 0.01), HAUCETFO0.5, MIHLERAT{EF
JER . TR, OR %5 2. 233, B & B & ik br gk
SR R TG KA BR ) REAR A ARG K AL BT
MIRERE b FE 2 2. 233 4% o Fig st AT DAHEN , 35 7K b 2
T HE e BIR AP A, XoF 7 (14 RE VR R gl 2RI . A
KICHREE R, e T wf M HE AR s o i T 2
(%) BE VA TH FE 5 B HE IO 32877, B8 i 75 K HE S o Xof
FAATIRRE A BR A T 5 2 LR A
AR ZERE R — 2, BIHER R 9 7™ 7
JEXFE KRB TR B4 BB R

ML 6b H & AR A 2 (a1 & T R o i R 2

®5 KIRFHEARZTEAMESKGE BEFENRIERSE T

Tab.5 Statistics on energy efficiency indicators of wastewater treatment plants in

different spatial location of Yangtze River Economic Belt

HXHREIRCERT S Kk b~

Ff Ak PR FER(E (B2 )/

52 COD M FERI (B (iR )/

Al K (kWhem ™) (kWhekg ")
Kokt di b/ % FRFFim KA EHl g KA T BRFTTS KA s KA S
st 8 3.39 0.36(0.11) 0.40(0. 22) 1.57(1.22) 1.98(1.25)
23 [ rhi 2 0.73 0.44(0.09) 0.31(0.17) 2.15(0.53) 2.06(1.32)
T 17 3.70 0.24(0.07) 0.28(0.15) 2.35(0.95) 1.94(1.27)
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Fig.7 Characteristics of 970 wastewater treatment plants

in the subregions of Yangtze River Economic Belt
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