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Abstract: Quantitative evaluation of the efficiency of municipal wastewater treatment plants ( WTPs) is a problem for the sewage treatment
industry. Efficiency assessment contributes to making WTP development policy more scientific and reasonable. For this purpose under
the framework of the total factor productivity ( TFP) data envelopment analysis ( DEA) was employed to establish an evaluation model of
the efficiency of WTPs including input indices of gross fixed assets annual operating cost employment and annual power consumption

and output indices of wastewater treatment capacity and pollutant reduction of BODs and NH,;-N. A total of 74 samples were selected as
the empirical analysis objects which have the same discharge standard and treatment process. An efficiency index was obtained for each
plant by means of mathematical programming techniques aiming to determine the relationship between WTPs” efficiency and their scales

and to analyze the sample input redundancy and output slack using a quantitative method. In total 20 samples reached their relative
optimal efficiencies which means these samples could be benchmarks for other samples. There were 10 samples with pure technical
efficiencies but no scale efficiencies which are needed to improve their scale. 85.2% of the DEA invalid samples showed increasing
returns to scale which indicates the sewage treatment industry in China is in the process of rapid development with high potential to
increase the profits by augmenting investments in the industry. Furthermore through the Kruskal-Wallis Test it was determined that the
larger plants ran more efficiently than the small plants which indicates the scale effect in the industry as was expected. Different levels

of input redundancy or output slack existed in the 54 DEA invalid

samples; these samples would be the key objects to improve the
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Table 1 Summary statistics of inputs and outputs
BOD;
/ / / /10* m® It t
10* 104 10* kW+h
6 195. 64 627.55 26 272. 89 919.78 1 097.76 223.59
3 445.41 505. 09 11 255.99 712. 66 1 282.51 239. 87
1 454.00 126. 00 10 20. 52 82.00 131. 05 18.26
15 891. 00 2 455.00 53 1 492.00 3741.70 7262. 10 1 847.00
2.2 1. 000) 20
DEAP 2. 1 N
DEA 2013 74 74 .
2 2 (0.800=<C <1.000) (0.600<C <
0. 800) 21 15
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Table 2 Evaluation results of DEA model based on TFP
C Vv S irs/drs/— C 14 S irs/drs/—
1 1. 000 1. 000 1. 000 — 43 0. 834 0.938 0. 889 irs
2 1. 000 1. 000 1. 000 — 44 0. 832 1. 000 0. 832 irs
10 1. 000 1. 000 1. 000 — 41 0. 829 0. 847 0.978 irs
26 1. 000 1. 000 1. 000 — 73 0. 819 0. 990 0. 827 irs
30 1. 000 1. 000 1. 000 — 33 0.797 0. 844 0.944 irs
31 1. 000 1. 000 1. 000 — 59 0.793 0. 837 0. 947 irs
36 1. 000 1. 000 1. 000 — 63 0.783 1. 000 0.783 irs
39 1. 000 1. 000 1. 000 — 67 0.777 0.784 0.992 drs
45 1. 000 1. 000 1. 000 — 27 0.773 1. 000 0.773 irs
49 1. 000 1. 000 1. 000 — 5 0. 754 0. 800 0.943 drs
51 1. 000 1. 000 1. 000 — 46 0. 744 0. 835 0. 891 irs
53 1. 000 1. 000 1. 000 — 16 0.733 0. 741 0.989 irs
55 1. 000 1. 000 1. 000 — 20 0.727 1. 000 0.727 irs
56 1. 000 1. 000 1. 000 — 40 0.712 0.733 0.972 irs
57 1. 000 1. 000 1. 000 — 29 0.711 0. 741 0. 958 irs
58 1. 000 1. 000 1. 000 — 52 0.702 0.770 0.912 irs
61 1. 000 1. 000 1. 000 — 22 0. 668 0.798 0. 837 irs
65 1. 000 1. 000 1. 000 — 38 0. 637 0. 683 0.932 irs
66 1. 000 1. 000 1. 000 — 8 0. 632 0. 632 0. 999 —
71 1. 000 1. 000 1. 000 — 11 0. 585 0.732 0.799 irs
9 0. 998 1. 000 0. 998 irs 54 0.584 0. 587 0. 995 drs
69 0.974 1. 000 0.974 irs 32 0. 563 0. 601 0.938 irs
37 0. 956 0.973 0. 982 drs T4 0. 555 1. 000 0. 555 irs
60 0.934 0.939 0. 995 drs 12 0.552 0. 680 0.812 irs
35 0.925 0.936 0. 988 irs 23 0.526 0. 823 0. 639 irs
25 0.923 1. 000 0.923 irs 6 0.526 0.764 0. 689 irs
21 0. 920 1. 000 0.920 irs 19 0.516 0. 626 0. 823 irs
48 0.905 0.919 0.984 irs 72 0. 508 1. 000 0. 508 irs
50 0. 885 1. 000 0. 885 irs 7 0. 488 0. 885 0.551 irs
14 0. 877 0.913 0. 961 irs 24 0. 488 0.774 0. 631 irs
47 0. 874 0.956 0.914 irs 18 0. 485 0.513 0. 944 irs
64 0.872 0.971 0. 898 drs 13 0.477 0. 497 0. 960 irs
62 0.872 0. 969 0. 900 irs 34 0.473 0.557 0. 849 irs
42 0. 861 0.930 0. 927 irs 68 0. 454 0.500 0. 908 irs
4 0. 861 0. 864 0.997 drs 3 0.423 0.701 0. 603 irs
28 0. 850 0.991 0. 857 irs 15 0. 390 0. 642 0. 608 irs
70 0. 841 0. 846 0. 994 irs 17 0.312 1. 000 0.312 irs
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61.5% M (23.8%) .1 (23.8%)
74 I (10.5%)
12 ( 9.17.20.21.25.27.44.
50.63.69.72.74) DEA
S<1 DEA 2
12
Francesc DEA
3
12 Table 3 Comparison of operating efficiency among different
DEA 54 46 scale’s wastewater treatment plants
85.2% / DEA DEA
7 / 1%
1 I 19 0. 689 2 10.5
8( ) 1% 0.632 I 21 0. 769 5 23.8
| 21 0. 820 5 23.8
’ 1% 13 0.925 8 61.5
74 0.790 20 27.0
S 0. 999 2.4
DEA 54
( )
( )
2.3 Kruskal - Wallis DEA
DEA N
N 4
DEA 10 .
KW ( Kruskal- DEA
Wallis) . KW N
. 54 N
N 4
0. 200
74 1 500 t/d 46.3% +51.9% 46.3%  44.4%.
12 x10* t/d 4 13.18 68
<2 x10* wd 2 x10* t/d ~ 3
3 x10* t/d( ) I 3x10*t/d~5x10*t/d
( ) I =5 x10* t/d v . DEA
SPSS 19.0 KW 3.
(P =0.007) BOD, . 54
12. 254 Chi-sq 4 3 0. 200
13.0% .37.0%  29.6%.
v 3 3
0. 925 I 70.73 59 BOD;,
13 IV DEA 8
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Table 4 Input redundancy and output slack of inefficient samples
BOD,
3 0. 311 0.299 0.299 0. 440 0.563 0. 809 0.227
13 0.503 0.503 0.503 0.503 0. 000 0. 000 0. 000
16 0. 468 0.259 0.259 0. 259 0. 000 0. 000 1.295
18 0. 487 0.533 0.616 0. 487 0. 000 0. 000 0. 000
19 0.734 0.374 0.374 0.374 0. 000 0.365 0. 009
24 0.226 0.226 0.227 0. 226 0. 403 0.277 0. 000
40 0.267 0.267 0.267 0.267 0. 000 0. 878 0.208
68 0. 563 0. 055 0. 500 0. 500 0. 000 1.930 0. 960
70 0. 154 0. 484 0. 154 0. 154 0. 000 1.930 0. 960
73 0.010 0.010 0.010 0.010 0. 000 0.423 1.357
DEA 74
( 1)
. 20
(€ =1.000)
<< 113 ” >> 13
”»
DEA
18 N DEA 54
3
74 10 +BOD;
( V=1.000) DEA
A) ( )
DEA 10
74
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