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: C .
: : C . C
: . A
1
( )
C m)
( kW-h
( )
( )
v
( )
C v
( )
( ) 2010 , .
: .
N N 27 2013—2017 N
. . . ()
| ’ (2014 20132017 L
2018) ), . 27 .
¢ (2014—2018) ), 2. 3 4. 20132017
¢
(2014—2018) ). , 3
2 2013—2017 EBM
) 2013 2014 2015 2016 2017
0.358 9 0.626 3 0.437 1 1.807 6 0.349 4 0.7159
0.985 7 1.116 1 0.989 3 2.762 0 1.016 2 1.373 8 1
0.999 7 0.687 5 0.7515 0.779 7 0.690 5 0.781 8 7
0.995 4 0.934 7 0.919 9 0.924 4 0. 806 6 0.916 2 3
0.854 0 0.946 4 0.728 0 0.750 8 0.826 1 0.821 0 6
0.680 5 0.610 3 0.633 0 0.563 9 0.582 9 0.614 1 12
2.089 2 0.845 9 0.480 9 0.854 9 0.347 7 0.923 7 2
0.544 0 0.637 2 0.699 9 0.614 9 0.5331 0.605 8 14
0.648 7 0.629 1 0.493 2 0.456 7 0.152 5 0.476 0 22
0.444 7 0.310 1 0.303 9 0.936 7 0.521 4 0.503 3 19
0.869 7 0.642 8 0.765 0 0.410 2 0.267 9 0.591 1 15
0.460 2 0.383 6 0.225 4 0.2255 0.192 7 0.297 5 27
0.617 4 0.6159 0.469 0 0.496 0 0.420 4 0.523 7 18
0.439 4 0.462 3 0.460 1 0.452 9 0.543 7 0.471 7 24
0.872 9 0.681 7 0.534 1 0.534 1 0.409 1 0.606 4 13




2
2013 2014 2015 2016 2017
0.825 8 0.828 7 0.886 9 0.8215 0. 864
0.360 8 0.914 6 0.349 4 0.862 8 0.385
0.843 6 0.968 6 0.754 1 0.929 1 0. 864
0.756 8 0.847 6 0.730 7 0.635 5 0.570
0.339 2 0.7615 0.852 8 0.640 5 0.853
0.674 0 0.395 7 0.461 6 0.434 9 0.397
0.397 6 0.437 3 0.472 3 0.574 5 0.598
0.913 3 0.828 3 0.563 3 0.5255 0.787
0.854 4 0.613 8 0.308 2 0.611 2 0.410
0.516 8 0.638 3 0.403 4 0.3811 0.379
0.361 4 0.347 9 0.646 1 0.646 1 0.436
0.470 4 0.412 1 0.407 1 0.429 2 0.569
0.710 2 0.6713 0.582 4 0.743 0 0.547
3 2013—2017 EBM
2013 2014 2015 2016 2017
0.806 5 0.295 1 0.205 4 0. 900 0 0.159
0.971 4 0.998 6 0.978 6 0.920 2 0.992
0.999 3 0.996 4 0.999 7 0.904 0 0.938
0.990 7 0.869 3 0.839 7 0.848 8 0.715
1.000 0 0. 906 6 0.549 2 0.988 4 0.652
0.394 4 0.3116 0.302 9 0.262 1 0.274
0.956 6 0.691 9 0.418 8 0.709 9 0.412
0.288 2 0.463 7 0.475 1 0.430 9 0.228
0.297 4 0.258 1 0.254 0 0.263 8 0.255
0.994 5 0.769 6 0.756 8 0.987 1 0.974
0.847 7 0.481 2 0.564 2 0.565 1 0. 454
0.725 0 0.807 7 0.612 1 0.613 3 0.515
0.760 6 0.757 1 0.657 3 0.401 7 0.564
0.725 4 0.658 6 0.582 9 0.442 7 0.347
1.000 0 0.734 8 0.582 2 0.624 8 0.612
0.847 0 0.783 1 0.773 8 0.743 7 0.728
0.513 3 0.829 3 0.693 0 0.725 7 0.498
0.977 5 0.937 2 0.982 4 0.894 5 0. 999
0.652 2 0.695 1 0.474 0 0.500 3 0. 449
0.730 4 0.979 5 0.705 7 0.990 1 0.706
0.613 4 0.891 6 0.775 2 0.560 6 0.465
0.9711 0.878 5 0.870 6 0.589 1 0.983
0.969 7 0. 656 6 0.479 9 0.344 8 0. 780
0.708 8 0.957 6 0.873 0 0.615 7 0. 250
0.664 9 0.735 7 0.631 6 0.583 4 0.491
0.583 3 0.340 4 0.292 1 0.292 1 0.522
0.479 1 0.523 6 0.549 2 0.488 8 0.467
0.758 1 0.711 4 0.625 2 0.636 7 0.572
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4 2013—2017 EBM

2013 2014 2015 2016 2017
0.384 2 0.957 40.699 0 2.137 3 0.572 6 L9501 5
1.000 0 1.159 6 1.000 O 3.513 6 1.026 7 . 540 0 1
1.026 0 0.595 2 0.693 4 0.772 5 0.620 4 L7415 12
1.000 0O 1.000 0O 1.000 0O 1.000 0O 0.940 2 . 988 0 3
0.836 1 0.986 1 0.937 6 0.755 2 1.000 0O . 903 0 7
0.966 5 0.922 2 0.963 8 0.885 1 0.902 2 .928 0 6
2.430 3 1.000 O 0.634 2 1.000 O 0.405 8 L0941 2
0.834 1 0.850 0 0.945 3 0.846 6 0.860 1 . 867 2 9
1.000 0O 1.000 0O 0.758 1 0.690 4 0.157 2 L7211 13
0.261 6 0.196 6 0.188 3 0.940 0 0.528 1 L4229 25
0.941 4 0.854 0 0.973 3 0.419 3 0.257 6 L6891 14
0.434 4 0.392 2 0.279 6 0.279 5 0.247 8 L3267 27
0.640 1 0.628 6 0.457 3 0.658 9 0.435 7 564 1 20
0.390 1 0.443 9 0.486 9 0.562 3 0.774 7 531 6 22
0.830 5 0.728 3 0.604 0 0.575 9 0.391 9 . 626 1 19
0.885 7 0.929 5 1.000 O 0.942 2 1.000 0O L9515 4
0.466 5 1.000 O 0.412 7 1.000 O 0.418 4 . 6595 17
0.827 9 1.000 O 0.708 3 0.974 9 0.819 9 . 866 2 10
0.916 1 1.000 O 0.991 5 0.816 6 0.748 6 . 894 6 8
0.229 4 0.678 1 1.000 0O 0.525 7 1.000 0O . 686 6 15
0.803 8 0.256 6 0.386 0 0.462 4 0.455 4 472 8 24
0.208 2 0.3217 0.353 7 0.661 6 0.473 2 .403 7 26
0.903 7 1.000 0 0.716 2 0.749 4 0.851 6 . 844 2 11
1.000 0O 0.627 1 0.329 1 0.756 6 0.628 5 . 668 3 16
0.612 6 0.673 8 0.450 1 0.445 3 0.413 0 518 9 23
0.3338 0.449 1 1.000 O 1.000 O 0.484 5 653 5 18
0.565 8 0.445 7 0.423 3 0.493 3 0.733 3 532 3 21
0.767 7 0.744 3 0.681 2 0.883 9 0.6351 742 4 —
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2, 3, 4 3 , N N N
2013—2016 27 (
) N ). ( N
DEA ( . N ) .
H ’ N ) N ( N
2016—2017 )N ( N N
) o 2 ) ). ( N . .
2013—2017 ( . ) s MaxDEA
, 20132017 . .
o 27
) 2013—2017
)
b
, 5. 6 7,
b
5 2013—2017 EBM
2013 2014 2015 2016 2017
0.834 9 0.841 1 0.774 4 1.568 4 0.7157 0.946 9
0.767 2 0.778 3 0.680 5 0.657 4 0.704 5 0.717 6
1.094 0 0.704 1 0.558 0 0.642 2 0.344 5 0.668 5
0.591 5 0.445 5 0.431 4 0.524 1 0.327 4 0.464 0
0.688 9 0.647 2 0.587 5 0.576 1 0.559 3 0.611 8
0.575 1 0.873 1 0.671 8 0.767 0 0.668 8 0.711 1
0.671 2 0.582 7 0.441 8 0.505 4 0.514 6 0.543 1
0.415 9 0.380 0 0.526 6 0.537 6 0.502 8 0.472 6
0.710 2 0.671 3 0.582 4 0.743 0 0.547 4 0.650 9
6 2013—2017 EBM
2013 2014 2015 2016 2017

0.942 0 0.789 9 0.755 8 0.893 2 0.701 6 0.816 5
0.697 2 0.609 1 0.426 1 0.625 2 0.463 1 0.564 1
0.514 0 0.471 2 0.382 6 0.468 2 0.298 8 0.427 0
0.8557 0.686 2 0.644 4 0.721 8 0.648 4 0.711 3
0.833 2 0.733 4 0.649 0 0.553 2 0.563 1 0.666 4
0.718 3 0.860 3 0.713 8 0.777 6 0.663 8 0.746 8
0.785 6 0.824 0 0.726 1 0.538 7 0.594 2 0.693 7
0.531 2 0.432 0 0.420 6 0.390 5 0.495 2 0.453 9

0.758 1 0.711 4 0.625 2 0.636 7 0.572 0 0.660 7




3 EBM
7 2013—2017 EBM
2013 2014 2015 2016 2017
0.852 6 0.928 0 0.848 1 1.855 9 0.790 0 054 9
0.901 3 0.954 1 0.950 7 0.820 2 0.951 1 L9155
1.4215 0.950 0 0.779 2 0. 845 6 0.474 4 .894 1
0.545 8 0.480 9 0.480 4 0.546 3 0.344 5 L4796
0.686 6 0.682 6 0.637 0 0.684 8 0. 650 6 .668 3
0.610 0 0.919 5 0.778 1 0.829 3 0.746 7 L7767
0.705 6 0.575 9 0.447 0 0.615 1 0.564 4 .581 6
0.449 8 0.447 4 0.7117 0.746 7 0.608 9 .5929
0.767 7 0.744 3 0.681 2 0.883 9 0.635 1 L7424
5. 6 7 , EBM
“ ” o
(0. 946 9) | (0. 816 5)
(1.054 9) .
; (2) )
(0. 717 6) . (0.564 1)
; (0. 915 5)
: . DEA
, , -
(0. 464 0) . - -
(0.711 3) . ;
(0. 479 6) ;
* ’
EBM
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2013—2017
.
(D EBM :

[1]Willard B. The sustainability advantages: seven busi-
ness case benefits of a triple bottom linel M]. Gabriola
Island: New Society Publishers,2002.

[2]BP. Statistical review of world energy 2014 EB/OL].
(2014-06-18). http://www. bp. com/statisticalre-

view.

[3]Stephan. Schmidheiny and the Business Council for
Sustainable Development. Changing Course: A global
Business Perspective on Development and the Environ-
ment[ M]. Massachusetts: MIT Press, 1992 .

[4] ) ,

[J]. ,2011,29(01):



16 ( ) 14

8-15. [Jl 22017,25(8): 166-174.
[5] , . SBM [11]
LIl ,2011,344(20) . 105-107. [D1. : ,2019.
(6] , . [12] . . . EBM
(AR ,2012,33(05) ; 56-63. [Jl. ,2016,61(6) : 10-17.
7] . [D]. : [13] . . EBM
,2012. (1.
[8]Yongbo Li, Amir-Reza Abtahi, Mahya Seyedan. Sup- ,2018,10(1) ; 9-16.
ply chain performance evaluation using fuzzy network [14] , s . E-NSBM
data envelopment analysis: a case study in automotive [Jl.
industry[ J]. Annals of Operations Research, 2019, ,2016,30(3): 101-107.
275(2): 461-484. [15] , , NN EBM
[9] , s . : 47
(1] ,2016,30(12) ; 38-42. [l ,2019,39(5)
[10] ) ) . 228-236.
EBM-DEA

Research on Ecological Green Development Measurement of China’s

Provincial Coal Industry Based on Network Super-efficiency EBM Model
Zhang Dandan, Yang Li

(College of Economy and Management, Anhui University of Science &. Technology, Huainan 232001, China)

Abstract:In order to promote the coordinated development of mineral resources development and
environmental protection and realize the construction of social ecological civilization. Based on the sin-
gle-stage EBM model considering unexpected output, a network super-efficiency EBM model is con-
structed to measure and analyze the comprehensive ecological efficiency, production stage efficiency
and environmental governance stage efficiency of China’s provincial coal industry from 2013 to 2017.
The results show that the network super-efficiency EBM model can deal with internal system problems
more effectively than the single-stage EBM model considering unexpected output. The sub-stage effi-
ciency plays a decisive role in the overall efficiency. From 2013 to 2017, the comprehensive ecological
efficiency of China’s provincial coal industry has improved, but it is still non-DEA efficient. In terms
of regional distribution, the stage efficiency and ecological efficiency of the coal industry in the north-
ern coastal area are significantly higher than those in other areas, while the ecological green develop-
ment level of the coal industry in the northeast area is relatively low. Finally, according to the analysis
results, some countermeasures and suggestions are put forward for the ecological, green and healthy
development of the coal industry.

Key words: EBM model of network super-efficiency; ecological efficiency of coal industry; produc-

tion stage efficiency; efficiency of environmental governance stage; green technology



