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Assessing the Efficiency and Scale Effect of

Municipal Sewage Treatment Facilities in China
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Abstract: The quantitative assessment of the efficiency of municipal sewage treatment facilities (STFs)
is a key issue that need to be solved, as well as the scale effect of sewage treatment industry. For this purpose,
under the framework of total factor productivity, data envelopment analysis (DEA) is employed to established
evaluation model of the efficiency of STFs, including inputs indices of gross fixed assets, annual operating
cost; employment and annual power consumption, and output indices of wastewater treatment capacity, pol—
lutant reduction of BOD4 and NH;-N. 315 samples are selected as the empirical analysis objects which have the
same discharge standard and treatment process. It is found that 32 samples reach relative efficiency, which
means these samples could be a benchmark for other samples. 70. 0% of the DEA invalid samples show in-
creasing returns to scale, which indicates the sewage treatment industry in China is in the process of rapid de—
velopment and being high potential to increase the profits by augmenting investments in the
industry. Furthermore, through Kruskal-Wallis Test, it was verified that the larger plants run more efficiently
than smaller plants, which indicates the scale effect existing in the industry, as was to be expected. Different
levels of input redundancy or output slack exist in the 283 DEA invalid samples and these samples should be
the key objects to improve the operating efficiency.
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A — DN Z 7 &l T A Sk B SRR HE B R
Rk 2 B ACHE N BT 7K Ab BRAR it R 1, 5 K b B
TRt (1) 5 A R T 4 hn . AR R AT S5 I 2 iR
BT BE, A 2014 EEE, S EWE R
G KA 3 717 g, B 2013 AEHE N 204 JE; V5
KALFRRE 7 1.57 12 m’ /d, % 2013 4E 16 %) 800 /5
m’/do K5 gl B b RSB, AHE KBRS
KA R, BEAREE E A BRI AT AR, Y
A 3R 3 7K A B R it 1 18 AT R R A, 2 1
Yokis QB v L ER R — Y E R, 75K kb
TRt RIS [ R /N A2 75 X6 L3 A7 250 2 7= A 5 el 1) ]
R S

HAr, [N ET5 K A BR B s 47 RCR e R
BRI FE,  LARE M S A7 R B8 AR AT vk Ry 3. B
FECHMEREFR D, mE% (2006) * FlfH DEA
AR5 KA ER T AT ORIV, R T 81T 3%
Mk R, HEZRTHEAET . HRESE
(2004) P BV 4 IEAT R VA S 5 T
AT BEER T AR E A S KA 1347 2L
R, H R Z X BRI S5 R — P . B A
FOH, B A A AL B T2 FE AR 1 A R xS K Ak
BV M 38 4T R % BE AT AF .Y Abbou 4
(2012) ™9 338 S AS 5 39 7 6095 7K Ak B8 35 1 T3 AT
BERVPAL,  FEXT e R KA BRAT B AT R 3 71 Je
15 K A B PR AR R4 B2 335 4T 43 Mt . Hernandez-Sancho 1
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7K A B it 5 R B AR T ) AT L

= WIS S R KR
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AR B, ORI R B2 A SR %A T A
A= 2 (8] % & o FATEBY Cobb-Douglas A2 7 b
Ko MR T 2 BRI K AL BB AR 7 o i

*E;Jé [13] .
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*2 B AFEAR IR E ST 47
BN 7=
A 5807 BeIR .

A — — M ks BOD; 4F HEE

[i] 7 BF 7 A EBAT A V5K b B FEHE AR
B B N B0 m 1 /1 OB A

/10* 5% /10* 5% NN UN /10*kW * h
FHME 6161.37 645. 88 24 213.29 838. 81 787. 66 160. 60
i 22 6 631.70 815.09 15 224. 45 897. 73 1293.08 219. 30
/MY 600. 00 29. 68 5 10. 80 65. 00 14.20 2.30
RE 59 009. 00 8 114.45 144 1 537.00 6 355. 10 15 165. 00 2 131.00

(=) WFFHEA

H 1978 4F % ¥5 4 %& 4> 1 (Data Envelopment
Analysis, DEA) J7ik#im kit G, C&ad ZMN
HT &R HORK WSO, %07k E 2
TR PSR 590 (Decision Making Unit, DMU) [ %
H 5NN, R B0 R AN G E i A AR
RHIE PRI UV, K45 DMU #5258 DEA 9487 i
W b, 38 A DMU i B9 107 95 100 F8 FE R 1P A &
AT 2 - U DMU W7 DL AT i 45 2 Fl 5 A
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A 55NN REVRSE, RRNGKACEE . V5 4L Ik
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B E YK B eI, 25 7T A8 (Variable Returns to
Scale, VRS) Z&fF T MR VN B AL, &% R AN
BCC BE%Y, ZBiA 5 CCR BEAY & &) Al I i i A
DEA B8, Hif 25/ 1 24 1 58 58 T 1 JASE 189 R Bl gk /)
) B 2 s R A AR A T 2 MR S SR 2 A
SREBN

EH 375 7K Ak PR B R AR UL 7 — A N R T AR
(), RIEARW S $E 12 VRS R 526 1F T 1) BCC A1
A, BCC B! A 0% 45 9B 4G & DMU AR W 28 22 A
Ap L BRI AL, A BT G K A B R A
FAEIA KA TRTAKRMK BARH &AL b, i
T AT 5T E R TG KA BB AE A 7 KSR
X H AN ) B IR A L BC B AT 0 A, Rl B T4
AT BY ) DEA #5881,

=\ GR50H

(—) DEA P& R Kot

1ZH DEAP2. 1 31X FE A B4 2R AT 0H 5, 1531
2014 4F 315 AR EE V5 /K A B it 3B AT 0K IR A 25
B (%3,

*3 V5 /KA B AZ AT 0% 11 DEA A1 45 5@
Firm crste vrste scale irs/drs/ — Firm crste vrste scale irs/drs/ —
1 0.704 0.737 0. 955 drs
2 0.298 0. 380 0.785 irs 291 0. 658 0.692 0.951 irs
3 0.354 0.431 0. 822 irs 292 0.977 0.977 1. 000 —
4 0.538 0. 544 0.990 irs 293 0.632 0.632 1. 000 —
5 0. 402 0. 404 0. 996 drs 294 0.998 1. 000 0.998 irs

O HTREIR, MRREHSBEER, WA R fEE R .
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Firm crste vrste scale irs/drs/ — Firm crste vrste scale irs/drs/ —
6 0.717 0. 808 0. 887 irs 295 0. 544 0.550 0. 990 drs
7 0. 627 0. 630 0.994 drs 296 1. 000 1. 000 1. 000 —
8 0. 548 0. 565 0.970 irs 297 0. 826 0. 866 0. 955 irs
9 0. 148 0. 549 0.269 irs 298 0.871 0.871 1. 000 —
10 0.589 0. 597 0. 986 irs 299 0. 926 0. 945 0. 980 drs
11 0.757 0. 855 0. 885 irs 300 0. 602 0. 643 0.936 irs
12 0. 540 0. 544 0.991 irs 301 0. 824 0. 859 0. 960 irs
13 0.554 0.729 0. 760 irs 302 0. 864 0. 899 0.961 drs
14 1. 000 1. 000 1. 000 — 303 0.739 0.756 0.978 drs
15 0. 587 0. 594 0.988 irs 304 0. 694 0. 696 0.997 drs
16 0.410 0.412 0. 994 irs 305 0. 740 0. 801 0.924 drs
17 0. 383 0.511 0.749 irs 306 0. 805 0.816 0. 986 drs
18 0. 627 0. 685 0.915 drs 307 0.912 0.936 0.974 drs
19 1. 000 1. 000 1. 000 — 308 0.618 0. 650 0.951 drs
20 1. 000 1. 000 1. 000 — 309 0.397 0.432 0.918 irs
21 0. 621 0. 693 0. 896 irs 310 0.674 0. 687 0.982 irs
22 0.343 0. 542 0. 633 irs 311 0. 681 0. 682 0.999 irs
23 0. 348 0. 465 0. 749 irs 312 0. 801 0.811 0.988 irs
24 0. 350 0.393 0. 889 irs 313 0.322 0.441 0.731 irs
25 0.531 0. 591 0. 899 irs 314 0.598 0.612 0.977 irs
315 0. 455 0.528 0. 862 irs
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TEATAR R MM b, A 10 MR 2
FARZZE (vrste) X5 F] DEA G R0 AH& i T H AR
WA (scale) A, FHHLGEMFERAILT DEA
AL XU IZ 10 PREAKATARUEME, A
AERNICRA HA RGO, HGEBRKAE
FERH RFDNHMBEAFEN . P HAMILE, FE
SRR g N A . B R 3 Cirs/drs/ =7 —
FERI R, ik B SR8 BOR R, X 10 MEAT A 6
AL IEINHAL, 4 AR R, A8 A
FEAR RIS R IA B DEA R (HR2m T HAgHEA
MAEAR, GEBRERABI RN, XRYZ8 M
ALERAE E LG, AT 2L F G sl > e, {3
FAEHRNM H EAAE—ERITTRAAZ, SENY
v 5 A A R B KT I ot A .

FEARIEE] DEA A 21 283 MFEAH, A 198 4
FEAR MR 28 BB HERE, 53] 70.0%, X%
A V5 7K A Bt AR b Ak T RIS WA i 38 38 1 Ok e
BrBo BEAh, A 76 ANFEA RS A8 BB R A
9 AMFEAR MU 28 IR FF A AL . DAFEAR 62 (RIASE U
aAE) A, HAER R A 0.252, UiHZ)
T RIET AR 578 IR RN L, #AFES
BORMEMIURTEOL, EFEAEAKF RN Z) &
ITRENTERER: B —J7H, %) BT
0.999, KM% fEiziT M b 28 Rk,
AN TG EAE AR B AT BN BN , EIA U N
N2 HALE BT R K v, PSR IAR I 47 2%
R AL -

(=) Kruskal Wallis 1 56

Kruskal Wallis (KW) & —FF3E S $0k 56 10 5
TITZES M IT, ERT LA RAS IS A R B AT ) —
B SR AR BN B AR B, WK 22 ZH 30090 2 1) B 3 O
B ZE Rt o ASHIE SR A2 7 12000 15 7K A BE B 1) 32
1705 HBrt A B B8 70 2 18] (1 5k RBEAT R 56

315 ANBEA Bt A B BE 7 M B /NG 2 500m’ /d
B KM 26 x 10 m* /d A%, K BT REA L IR B E A
BRUR Gy A 5 ANRAL: Wil HARFEAE J17E 1 x10°m*/

dUTHRNTAL, 1x10°m’/d ~2 x10'm’/d {14 11
A, 2x10°m’/d ~3 x10°m’/d ffj24 1T &L, 3 x 10*
m’/d~5x10"m’/d [N IV B, 5 x10*m’/d K LL F
IV Y. igH SPSS XA #EAT KW Kuds, 19 345
HBWER 4. BT Hir RN Pvalue /NF0.05, HF
TGt E S T Chi-sq. B3 MH, FIKHE 48 null hypothe—
sis, RIS AN [FRUBLRE 2H 2 18] I R0 2 /K ARAE i 3 22
o Wt HAAFRREIHOR, MFETFHMEME. VG
KAk B it PR R 2T B e, 31X 31 0789, BHE
T HAth 4 AN TE KB Bt 47 BV B K Ak
Pt Th ik B DEA 2004 9 i, EEEIAF19. 2% ,
[FAE R T HoAh 4 N2 o] WL, fEBF FRE AR
15 7K A BB T R 3E AT AR AE U RS, BTt A 3L AE Bk
KI5 K AL B S AT R A iy > B A P AR P 184 K
AT DA SR 7K Ak B 15 i 28 51 A0 2 PR 4 1 o

*x4 15 KA BRI AT R S R b B R ) LU

el R | AR T |DEA 4208 DEA ALt E
it 315 0.623 32 10. 2%
126 35 0.427 2 5.7%
I 2% 83 0.509 2 2.4%
I 2% 95 0. 668 13 13.7%
vV 2% 55 0. 693 5 9.1%
V% 47 0.789 9 19.2%
KW 56
Chi-sq. 93. 898
P-value 0. 000

(=Z) BATLREHAZ ST

XTFEAS i ORIE B DEA 4324 (¥) 283 5 K ab 2 #%
T BEAT BN TCR AN A 2o B WO %75 K Ak 2E
BT S8 I 5 e B RSN T L 24 9 2 1) 45 T B N B2 4
B HbR. @i DEA I8 5 45 R a5 25 FEA B B AL %
AR, HTMARERATIRE S ERHFARZLL
PLE= AN 2 B 5 SE PR 7 Y B 22 B 23 045 BB TL
RFEMPHA LR, LS T 15 NIRRT
HER

xS RIEF] DEA fRHEA BN TR 577 A2 73 B

FEA BNTORER e A R

s F1AT A W B B | TR S| ERER R | TSR R | BOD, Bl A AHRE
2 0. 620 0.719 0. 809 0. 620 0.341 4.057 2.412
6 0.894 0.192 0.744 0.192 0. 000 0. 000 0. 000
9 0.451 0.911 0.706 0. 891 0. 000 17. 406 2.815

13 0.572 0.271 0.335 0.271 1.274 0. 000 0.964

47 0.627 0.436 0.753 0.436 0. 000 0. 693 0. 000
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s LRErs -

ERIES
N BNTTRE 7 A R
FFs T84T A [ B 7 A | To kAR AR | R AR R TSKAEALEL R | BODS IR RN
95 0.718 0.776 0.718 0.901 0. 000 21.077 17. 496
142 0.615 0.615 0.615 0.931 0. 000 26.743 7. 890
143 0.276 0.276 0.459 0.276 4. 644 0. 000 0. 000
154 0.560 0.852 0.463 0.463 0.767 0. 843 0. 000
175 0. 850 0. 549 0. 549 0.563 0. 000 2.046 0.298
195 0. 680 0. 865 0.595 0.595 0.309 2.905 4. 055
209 0.253 0. 697 0.253 0.742 0. 000 9.454 3.025
244 0. 855 0. 602 0.586 0. 657 0. 000 5.499 1.018
248 0.756 0.584 0.781 0.584 0. 000 2.476 0. 000
261 0.275 0.275 0.275 0.275 2.009 0. 000 0. 000

AP KR, JE DEA 43 201075 7K Ab B %
MEFTEA R FEE BN TUA, RIS A . 55 8) 1Al
REVR =Bl VR AR R FL B O FEAH, [ Bt 7
S SEIBAT R 15K AR B MO N BRI AR L
4 TN T 00 4 R4 BN 40.4% . 36.9% .
36.4% F134.5% . Frh, FEAG6. 244, 175 [l 52 %
PR AEE S, AN 89.4% . 85.5% Al
85.0% ; FEA 9. 195. 154 (IEZETH AL R &
B A9 1% . 86.5% F185.2% ; FEA 2. 248,
47 W55 s I TUR B Ay 3N 80.9%  78. 1% F
75.3% ; FEA 142, 95, 9 MHEHBIURE R E, 7
S8 93.1% « 90. 1% F189. 1% -

A BNKF T, 35 DEA A 2075 K 4 B %
fitd FAEAEE— ERRE M AR, BIAAAERR S T5 K4
Ab R BOD il ok B2 FH 220 26 1 ek £ 1 25 R o 3 IO
FEHBE AN R 55 4.1% . 107.2% F1 45.7% «
Horb, FEA 1430 261, 13 (75K E A H S B A B R
B, ARk 464.4% . 200.9% i 127.4% ; FE A
142, 95. 9 ) BOD, Ml 8 & A & # i =5 FE A& 954
210, 142 MR A HNIREA B R i e AT H AR
A, FEA 2. 195 S57E = Fh = B AP IR R 72 FE 11
AR, FEAR 9. 950 142 F54E BOD Mz A Ml & 13
TR R = WA 2

0. ik

HRE DEA MIPFH 4553, FIH T 315 FEi5 Kb 2
Bt KRR HE Y > R A B T 1 AT ML I S0 2
B ARHE . A7 32 PTG /K b B Rt 38 AT 2058 B
P EAIRLZBONAT AR AT AL B SR e, HooR
RUORAS JE BTG K AL BV Bt 2 CABRAT AR A g B e, 445
B & B ARG ST BOR it . X T84T BOR AN B 2
(K1 155 Jaim K A BRI = [ B S Al oK 4

BTN A R A 2 DL R i R —A
3 A AE B 1) R, 3K T A b N R e i S 1 B
IR AR K Fr 8. s, [l 5E B8 7= B4 fe
B, BRI T HAl =T N, AT BAROA TS K AL
B4 5 1R Es AT R B s e T 1A

A 10 MEEA R 28R R IE B e AU E AR R
HIEAHIEF] DEA 8. X TIXEFEAR, HFANFER
ANTURFF ARG DL, 1 B A BT AR K - B
LR TR AT, R HEE A5 2 AL
Be. BRI 256 AR A 1L B . DEA 4R BR,
% 10 V5 KA BE WA 6 A N Y i KBLE AR, 5
Hb 4 JRERL BN B RS, DLSE B AR U 28 f KA
FIFE, A 8 MEAKI AR R AL 2] DEA H 2%, (HE
BT HAE AR EAE, HGE MR EA LR &N
XRZ 8 MEATEMAL L OAEE, HATERNM
P EAAE R TURMA L, A5 RS B THE
PMELAR Ko ERIEF DEA G RUMFEA S, H
198 e (70.0%) R REASE Ui 2 52 B0 36 306 IR 365
X 2% B o T AR K AL BRAT ML S AR b A T AR U 2
9 3 1) R B B N A 5 R AT M Y A
B, DUR HE I e 24 S Bz AT b B VR G B 1 i 3R 4
AL

St DEA 45 33t 17 Kruskal Wallis ¥:5 &K B, 78
MEREAR T, 57K A PR A7 A AR A 5 RO, AL
KIT5 KA FR B B I8 AT 0% T IR BN W&
Grae Bk, ARl AR e AR Ik B Bl o A P s BD
RGN o HIASE R0 L 2 AR 4R 320 B s A 328 i HE -5 H SR
TS| 4 5 NS e i D = N T S NP e S
B K2 J5, BT AZ AR [F) L 45 386 v [ 5 Al AR A 3%
PRI B 7 ity B A st 2 T B AT Al (9 28 3 Rk
e Bt KRBTSR AL BB (8 T % B VR AT B b i
M, f£—gfRE LA A /N AL E A B AR T
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fosi, Xt 5RE ERERFERS R D
R RIS KA 1 FARHE A

SEHIET TR LR DEA 45 7 KI5 F] DEA
A4 001 283 JRETT 7K A BRI F LN TU AR A A 2 1
Bl XA BT — BT K AL B B 1 B 2R 2 KCF T
MEATRCRBUE, LASSILBE A 55 3 IR0 A 5 BE U I
PRICE - 33 A RN (0T 25 70 A2 56 L K 4% 397 1 £
TIIA RIS, A 15 7K A B 6 17 7L B R ™ B 1Y
BOTURRE AR TUARSBR, — 51 5]
FEARAEA S R P I RS PR N B %, 53— 5 1
A B 1 BRI BRI 7. FRE R
AR, YIS KA B BOD, Bl R A
PREL AR T A I ST K LD FE Bt A R AT
B BAKTHRTE ST AR B 1 A

fiv Hi

EHEETEBERAET RN, L DEA J7iEx
2014 LR [E 315 JR3R ARG 7K A0 BE B 18 AT R HEAT
TVt IRIEFEASE, DEA 45 T BT REAS I 0%
iy, S RA BTN AN 32 MRFREA,
ARBERAS L WIPEAS B 2 DABR AT A A O 2 HEREAT AV AN

22 3CHR

itk . FET X ARIAF] DEA A 241 283 MEEA K 24
70. 0% (PRI i S B3 BERAS,  IX SR B [ V5 /K ik
PRAT DB AR b A T ROUAS I T 328 38 FRY B BB [0 I+, 336 PR
Hh ]G 7K AL S T A AR AS AL 15 K AL BRAT AT Ak
TR, ARG B8 S i i 77 .
i8IS Kruskal Wallis #5560 & B, 7514 2 808 & =5 7
MBI, IS5k s AT B A RN, M
BBk R, B KA J5 B2 BAK AL 5 7K Ak 22 it
IR T N T, R RIEEAT G KB DR & AT
RO W Hr-FITUR BN A R R K, Sl
IS 7K AL BRI A7 AR BB 7 E RN T AR A AN
JE s IR AT K AL FRAT Ml A A PR ) — A EE ] A

AR, B AR R R VP S« BUM I SE
REEZ BN, WolttaBTeS 5% 2z
EWEG KA B, fEREE E R OKIS RBiia AT
KDY WA AREGE (PPP) fARINE, K
] 5 7K Ak AT Mo 38 Sk B K 1 43 % R A1 R R AL .
WAL 5| F i 54, R KT A SR &
IThEE, WEKIS GG TR, SCILIE KA HE A AR
NEBAT R & 2 AR R NP, Rk V5 KAk
FAT R B R B PITAE

0] &, £X0, 8, % REWREUSKGHET 28 LIRS U, hE%KHEK, 2011, 37 (8) @ 35-39.

2] x5, DR. WG KesEeVEERcREs U] REEE¥R, 2013, 22 (3) @ 437 -440.

B] B, 295, B RE R X NG KA BRI [ wh AR E DAl KRS 24 4%, 2010, 42 (4) @ 588 —591.

(4] RIEM, BEWN, BFE, 5. REWEGGKEET EEUET IR EAZZE RSB . 4KHEK, 2013, 39 (3): 39 -43.

(5] MfRIE, BT, ARBE M. SRS RARE T MRS MeRar gt U . B E kK, 2004, 20 (5) @ 35 -38.

6] =%, SKMEE, 2235, 5. HT DEA J3H7 5% B R FF v Kb B8 T MUBEH AR A ot 5¢ 0D B3R % 440 AR BH2AR, 2006, 23

(2) : 211 -215.

O] w9, BT, 4B, 5. ERATS KT BRI B AR r b O], P EERETRLY:, 2004, 24 (2) 1 242 -246.
[8] Hernandez-Sancho F, Molinos-Senante M, Sala-Garrido R. Energy Efficiency in Spanish Wastewater Treatment Plants: A Non-radial DEA Approach
[J]. Science of the Total Environment, 2011, 409 (14) : 2693 —2699.

[9] Silva C, Quadros S, Ramalho P, et al. Translating Removal Efficiencies into Operational Performance Indices of Wastewater Treatment Plants l.

Water Research, 2014 (57) : 202 -214.

[10] Tsui M P, Leung HW, Lam P K'S, et al. Seasonal Occurrence, Removal Efficiencies and Preliminary Risk Assessment of Multiple Classes of Or—
ganic UV Filters in Wastewater Treatment Plants [J]. Water Research, 2014 (53) : 58 —67.
[11] Abbott M, Cohen B, Wang W C. The Performance of the Urban Water and Wastewater Sectors in Australia [J]. Utilities Policy, 2012, 20 (1) :

52 -63.

[12] Hernandez-Sancho F, Sala-Garrido R. Technical Efficiency and Cost Analysis in Wastewater Treatment Processes: A DEA Approach [J]. Desalina—

tion, 2009, 249 (1) : 230 -234.

03] K52, IMEW, A& S . 3F DEA [ E TAoK SRR H e U], T2 X3 538, 2014, 28 (11) @ 42 -47.
[14] Cooper W W, Seiford L M, Zhu J. Data Envelopment Analysis: Models and Interpretations [M]. Boston: Kluwer Academic Publisher, 2004.
[15] Herrala E M, Huotari H, Haapasalo H. Governance of Finnish Waterworks-A DEA Comparison of Selected Models [J]. Utilities Policy. 2012

(20) : 64 -70.

128

22 F)



