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resulted in serious pollution of acid rain in ohé&d regions of

Abstract—Benchmarking cleaner production performance is a@hina. Meanwhile, China’s carbon dioxide emissi@sw2000

effective way of pollution control and emission weton in coal-fired

million tons (13.5% of the world) in 2007 [3], incling 27000

power industry. A benchmarking method using twa@sta myjjlion tons (about 43.5%) from the electric powectors, and

super-efficiency data envelopment analysis for-Gioadl power plants
is proposed — firstly, to improve the cleaner picithn performance of
DEA-inefficient or weakly DEA-efficient plants, theto select the
benchmark from performance-improved power plants.efnpirical
study is carried out with the survey data of 24l-divad power plants.
The result shows that in the first stage the peréarce of 16 plants is
DEA-efficient and that of 8 plants is relativelyefficient. The target
values for improving DEA-inefficient plants are aogd by
projection analysis. The efficient performance 4f@wer plants and
the benchmarking plant is achieved in the seccagkstThe two-stage
benchmarking method is practical to select thenagitbenchmark in
the cleaner production of coal-fired power indusi@nd will
continuously improve plants’ cleaner productionfpenance.

it would reach 32000 million tons by 2010 [4]. Tharbon
emission reduction pressure of China is gettinggdiigand
bigger. With large amounts of carbon dioxide, sulfioxide,
nitrogen oxides, dust, wastewater and other paitata
discharged in the power generation, the developroérihe
power industry in China is severely restricted Hye t
environment and climate issues.

Cleaner production, a creative idea, applies aynated and
preventative environment strategy to the producprgducts
and services, so that the eco-efficiency can bre@sed and the
risks to the human and the environment can be setiuthis
thinking also highlights the important concepts mferall

Keywords—benchmarking, cleaner production performancegrevention, eco-efficiency, environmental strategitll life

coal-fired power plant, super-efficiency data enpehent analysis

|. INTRODUCTION

HE coal-fired power industry is an important part bét

electric utilities and about 80% electricity gerema is
from coal-fired power plants at present in Chima2007, the
installed capacity of the thermal power was 55442/,
accounting for 77.7% of the total; and 82.9% of ¢hectricity
production was from thermal power generation, withbo from

cycle, etc. and covers the whole procedure of raterals,
production, consumption and pollutant disposalchifias been

well recognized for years by all countries in therhd.

Implementing cleaner production technology and raea
production management in coal-fired power industoy
continuously improve the cleaner production perfanae (CPP)
of power plants is one of the most effective measto reduce
emissions. In 1980, the US launched the cleantecahology
to solve the environmental problems caused by looating

coal-fired power plants, which resulted in 34% coakng made remarkable achievements. From 1980 to, 1868

consumption of the total coal output in China [lfie dominant
position of coal in the primary energy structurel l® the
generating pattern of coal-oriented power industhe Energy
Research Institute of China forecasted that by 20Bhese
installed capacity of electric power would reaci@@0 MW,
with 600000 MW from the coal-fired power industrstill

accounting for 60% [2]. In 2007, China's sulfur xige

emissions were over 24.68 million tons, which ma&téna
become the largest emitting country of sulfur ditexiand
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coal consumption of coal-fired power plants inttigincreased
by 60%. Due to the cleaner production action, thésions of
sulfur dioxide and nitrogen oxide had decrease®®% and
12% respectively. The investment on cleaner tedgyblnd
management was 5200 million US dollars, while tbenemic
benefits were 100000 million dollars [5]. In theceat years,
Chinese government has promoted cleaner
technology and cleaner production benchmarking gramant

in the electric industry. A series of developingm have been
formulated, such a¥he Cleaner Production Promotion Law
approved by the National People’s Congress of Chiitee
Cleaner Production Evaluation Index System for Tiedr
Power Industryissued by the National Development and
Reform Council (NDRC), andThe Cleaner Production
Standards — Coal-fired Power Pladéveloped by the Ministry
of Environmental Protection (MEP). These policiesd a
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measures provide a basis for implementing clearsdyztion fully applied in electric power generation and ptbn

program in the coal-fired power industry. reduction [27]-[29].
For the DEA model involved in the benchmarking
II. LITERATURE REVIEW management, whether CCR, BCC, G/DEA or SE-DEA has

The benchmarking method of cleaner production fealy ~N€glected an important issue, namely, the benchmark
based on measuring the CPP. The benchmark iselgom acquired from measuring the original data with sobeA

the enterprise with relatively efficient performanand stable Model. It is a method of selecting benchmark in thad

efficiencies in the light of the benchmarks’ inmuttput 'a@w data. Thus the benchmarking DMU may not beltbst

indicators. Therefore, the key to selecting optipaiduction Choice. Therefore, it is practical to select benatinbased on
benchmark is to establish an evaluation index anasuring DEA-efficient DMUs after improving the DEA-ineffient or

method for the CPP in practice. weakly DEA-efficient DMUs.
At present, the evaluation index for cleaner preéiducvaries
in different countries. The commonly used and atmkp 1. METHOD AND MODEL

evaluation index mainly includes the following &dicators:
ecological efficiency, climate change, environménta
performance, environmental load, waste generatiatg and
emission-reduction trade. And in China, it gengraticludes
indicators of raw materials, products, resources @oilutants,
among which the index of environmental quality, lybn

reduction, raw materials, energy consumption, emvirental
management, as well as comprehensive utilizatioesdurces
are mostly applied [6]-[8]. From the assessing eatst of

cleaner production, the evaluation of cleaner petidn degree, M°del can be divided into two types: input-orienteadel and
CPP assessment and measuring the potential foneazlealutput-oriented model. The input orientation me@nachieve

production, etc. are involved. The assessment rdefoo the efficiency by reducing input under the existingput level,
cleaner production is mainly based on the Life €yshalysis While the output orientation tells what an effidiestatus is by
(LCA), which can measure the environmental impacthe "Créasing output under present input.

research objects [9], [10]. The LCA has been apptethe _ However, the CCR model can only figure out whettfer
cleaner production assessment (CPA) of the elgtitol DMUs are DEA-efficient or DEA-inefficient. It canfo
aluminum production, cement enterprises and sd.ah [12]. distinguish the efficiencies of the DEA-efficienMlJs. On the

There are still other methods like the percentagéhad, the Pasis of CCR model, Andersen and Petersen put fdrive
composite index analysis, fuzzy math method, ete izzy super-efficiency data envelopment analysis (SE-Diaajlel (1)

math method is widely used to evaluate the CPAasfldirms, N 1993 [32]. In this model, the efficiency valuélwo longer
electrolytic aluminum industry, cement enterprisemal P€ restricted in the scope of 0-1. That is to sag,efficiency
industry, paper industry, eco-industrial parks @ forth value will probably be bigger than 1. Thereby, the
[13]-[18]. In addition, the CPA measured with the/dmodel DEA-efficient and DEA-inefficient DMUs can be ranke
is a new method developed in the recent years. DA according to their super-efficiency values and lleachmark
commonly used to assess the relative performanegfioiency 2N be selected.

of cleaner production so as to select the benchraack to
improve the CPA [19].

The benchmarking methods mainly include the idéaes |MinVp =6 —(sc” +£s")
analysis [17], the relative performance evaluafi®@], [21], n n
and production frontier analysis [22]. And major dets S-t-zijxj +s; =0X; , Z/HYJ -si =Y, (1)
applied benchmarking are DEA model or extended DEA izl =1

. .. . 1#]o %o
models, for example, the optimal decision-makingdeidor ] . -
benchmarking cleaner production with qualitativépimation 4;20)=12,..,n5 20,7 20
[23], benchmarking management of public sectors’
performance with DEA [24], super-efficiency DEA ma#dd  Literatures have studied the relationship betwdenGCR
applied in benchmarking management [25], and sSeitgit model and SE-DEA model (Fig. 1). When the sample 3Mre
analysis of DEA benchmarking model [26]. In additidhe measured by the SE-DEA model, the super-efficiamdyes of
benchmarking management has been evolved to yekdstithe DEA-inefficient DMUs are the same as their DEA
competition in enterprise management, that is, rprises efficiencies respectively, still smaller than Ig(goointB,' point
compete with each other to become the benchmarkruheé B, and in Fig. 1), and the input redundancies antpuiu
incentive regulation mechanism. Such a mechanissnbe&n deficiencies are consistent with the values froen@€R model;

A.Super-efficiency DEA Model

There are mainly two DEA models — CCR model and BCC
model [30], [31]. The CCR model can be used towatal the
efficiencies of scale and technique simultaneoubiyother
words, the DEA-efficient decision making unit (DM the
CCR model is either appropriate in its scale oicigfiit in the
technical management. The BCC model can only bd tse
assess the technique efficiency of DMUs. In addjtiDEA
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for the weakly DEA-efficient DMUs, their super-gfency maintaining DEA-efficient are:

values are equal to 1 and input-output redundangiksot 6,-1_ 2

change (e.g. poinA; and pointA; in Fig. 1); the production 6 >1,0<v< 9. +1 =1- 0. +1 )
0 0

frontier of the DEA-efficient DMUs has been changed their

super-efficiency values are greater than 1 (e.imt By, pointBs,,

point Cy, pointC,, and poinD,, pointD,, in Fig. 1) [25], [33].

Therefore, we can directly evaluate the CPP of-Gioad power

plants with the SE-DEA model, instead of using G@édel.

If all the DMUs change at the same time, considgtiire rest
DMU; change in the opposite direction of the changedtief
DMUj, (i.e. the most adverse cases), DIl changes based
on (3), while the rest DM{thange according to (5).

X; = 1% Xj
S S Input i Lm0 (5)

Yo =—— Yj

1-y
B
c Then, the necessary and sufficient conditions fdilD
t maintaining DEA-efficient are:
Dy
B
1
0z -1
o > > 6 >1, 0sys-%——=1- 42 (6)
@ Input 2 ®) Input 2 0 +1 08 +1

Fig. 1 CCR modelg) vs. SE-DEA modelt) We can see from (4) and (6) that DMUs with high the

super-efficiency values are with more stability avide range

B.Projection Analysis maintaining DMUs DEA-efficient, whether a single MM

The super-efficiency value§'}, input redundancies{) and  changes or all DMUs change simultaneously; thahes DMU

output deficienciess{) of all DMUs can be acquired with the With the highest super-efficiency can serve ashechmark
SE-DEA model in (1), which will be used for the jetion [25]. [33]-

analysis of DEA-inefficient and/or weakly DEA-efient D.Benchmarking Process of Coal-fired Power Plant'sSFCP
DMUs. And the input-out data of these DMUs may tisted On the basis of cleaner production benchmarking

according to the projected values (input-outpugets) so as to management and CPP evaluation, the benchmarkingss@f

improve the productive efficiency. The projectionalysis CPP for coal-fired power plants can be divided imo stages
model can be expressed as (2). (Fig. 2)

DMU; (i=1,2,...4,u+1,...,m) ]4—\

Adjusting
indicatorg

X, =0 X-s;

A +
Yi=YotS;

(2 [

According to the principle of projection analysithe
projected values of DEA-inefficient and weakly DEfficient
DMUs at the production frontier are DEA-efficier®4]. Thus
all DMUs can achieve the DEA-efficient efficiencies

Correlation analysis of
input-output indicators

Replace original inpubutput daty
and re-evaluate all DMUs

C.Sensitivity Analysis

The benchmarking method requires that the effigienc
benchmark be relatively efficient and stable withwide
variation range to maintain DMUs DEA-efficient. Thange
can be achieved through sensitivity analysis. ; > <1

Suppose that the input-output data of a single Divtbs into

Target value

Projection
analyvsit

(1 £y) times of the original data, namely, DMthanges as: Stage Il
Benlchr_nark > j:u+19£i; m
“ selectiol lStage | o
=(1+
{’f" "% ooy 3) v
yo - (1_ V)yo [ Improving performance ]
Then, the necessary and sufficient conditions fodlp Fig. 2 Benchmarking process of cleaner productierogpmance
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Stage |: To carry out the correlation analysishef triginal

requirements of the model. From the perspectiveledner

input-output data to test whether the input anghoiutlata meet production, pollutant emission, as a DMU of outpist,an

the requirement of isotonicity; then the SE-DEA rbith (1)
will be used to evaluate the relative performantaliopower
plants DMU (i = 1,2,
value ¢,"), input redundancys(”), and output deficiencys(")
of each power plant can be figured out; the benckiBaand

undesired output and it should be minimized. Wiendeaner
production assessment is carried out based onutipeitctDMU

...u, utl, ... m); and the super-efficiency of pollutants, neither CCR model nor SE-DEA modsl i

available. Therefore, only when the pollutant eroiss are
considered as negative outputs or inputs, the lzdion and

the sensitivityy; in Stage | can also be achieved. Then the targetaluation can be operated by means of the DEA hi88¢

values of DEA-inefficient and/or weakly DEA-efficieDMUs
(j=1,2,..,u) are calculated by projection analysis in (2).

Stage II: Suppose that the DEA-inefficient and/crakly
DEA-efficient DMUs adjusting their input-output dabased on
the projection analysis to improve their CPP, th@ioal
input-output data of corresponding DMUs may beaegtl with
the target values achieved in Stage | and thisdaa/set will be
evaluated by the SE-DEA model to get the new seffaiency
value ¢ ), input redundancys{ ™), and output deficiency{").
Using the sensitivity analysis by (4) and (6),fihal benchmark
B, and the sensitivity, of Stage Il can be determined.

IV. EMPIRICAL STUDY

A.Input-output Indicators

At present, the DEA method has been applied in rfiefds.
As to application to the cleaner production assessnthe key
is to introduce the inefficient output of pollutanto the DEA
model. In measuring efficiency, the more outpussally the
better, but the pollutant emission is just the gijgo Obviously,
to treat the pollutant as the output indicator canmeet the

[36].

Combined withThe Cleaner Production Evaluation Index
System for Thermal Power Industrgnd The Cleaner
Production Standards — Coal-fired Power Plaissued by
NDRC and MEP of China, the input-output indicatdos
measuring the CPP of the coal-fired power plansés up,
considering the requirements of operating the SEDiodel
simultaneously.

Input indicators (per unit power generationy;, coal
consumptionyx,, water consumptiors, energy consumption;
X4, flyash output volumexs, smoke dust emission volume;,
sulfur dioxide emissionsx;, nitrogen dioxide emissionsg,
wastewater emissions.

Output indicatorsy, utilization rate of flyashy,, utilization
rate of recycled waterys, total output value per unit power
generation.

B.Sample Data and Isotonicity of Input-output Indarat

Golany & Roll proposed the good rule of thumb foet
number of DMUs in applying DEA model, namely, thember
of DMUs should be at least twice the number of tepand

TABLE |
SURVEY DATA OF 24 COAL-FIRED POWERPLANTS

Input indicatorg®

Output indicator§

Power plant
X1 X2 X3 X4 X5 X8 X7 X8 Y1 Y2 Y3
PO1 815 563 0.184 3296 2.99 5.06 2.129 1550 0.886 .8490 0.823
P02 514 723 0.154 6293 2.66 4.10 2.774 1830 0.643 .7450 0.734
P03 416 441 0.086 2303 2.89 2.70 0.631 810 0.632  6490. 0.701
P04 440 820 0.104 3527 1.95 2.94 0.611 820 0.631  7500. 0.598
P05 729 850 0.172 7091 3.17 2.24 1.560 1130 0.837 .8230 0.668
P06 404 800 0.108 2953 2.83 3.26 0.547 1330 0.568 .6500 0.621
P07 616 912 0.199 8849 3.35 4.99 1.568 1680 0.772 .7850 0.711
P08 533 494 0.135 7648 2.87 4.05 1.692 1780 0.651 .6200 0.655
P09 711 776 0.178 7345 1.96 2.82 0.993 1230 0.729 .6990 0.801
P10 854 903 0.184 2355 2.24 3.69 2.354 1645 0.898 .8000 0.794
P11 568 874 0.099 7327 2.57 3.66 0.897 999 0.821  8020. 0.886
P12 707 768 0.178 6684 3.99 4.99 2.205 1456 0.698 .9000 0.900
P13 495 692 0.186 6503 2.32 3.51 1.367 1698 0.768 .7330 0.653
P14 803 658 0.156 4897 1.98 4.35 2.094 1765 0.649 .8530 0.780
P15 799 593 0.171 5635 3.23 3.29 1.779 1811 0.850 .7840 0.787
P16 663 990 0.149 8735 3.17 4.45 0.999 1258 0.900 .8000 0.706
P17 623 789 0.128 6742 2.76 2.87 1.643 1603 0.822 .8650 0.863
P18 700 808 0.181 4963 2.12 3.35 2.680 1633 0.651 .8300 0.741
P19 822 954 0.172 5005 2.68 4.21 2.011 1599 0.729 .7390 0.805
P20 586 897 0.176 6120 2.54 4.25 1.782 1135 0.588 .8250 0.871
P21 737 803 0.165 6563 2.32 3.17 2.020 1369 0.773 .7580 0.820
P22 675 762 0.158 5869 2.16 3.88 1.886 1238 0.726 .8650 0.795
P23 642 735 0.155 4937 2.21 2.96 1.835 1457 0.689 .8300 0.785
P24 708 783 0.168 6097 2.49 4.12 1.692 1326 0.805 .7410 0.856

2The carbon dioxide emissions from the power gaimeraan be estimated based on the coal consunspdiot the thermal efficiency of the boiler. There i
the coal consumption indicator) in the resource consumption indicators and bo¢hcairbon dioxide emission and coal consumptiotraated as the input
in the model operation, so it is unnecessary taicen the indicator of carbon dioxide emissionthiemwaste discharge.

b The evaluation in the SE-DEA model is dimensiosila® the unit of each indicator is omitted.
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outputs considered [37]. There are 8 input indicatand 3 TABLE Il
OUtpUt indicators in measuring the CPP Of the M pOWGr CORRELATION COEFFICIENTS OANPUT-OUTPUT INDICATORS
plant. Thus at least 22 DMUs should be involvetliming the Y1 Y2 Y3
model. To satisfy this rule, this research investg the power X1 0.5802 0.5327 0.5437
eneration of 24 coal-fired power plants with samilechnolo X 0.2203 0.3205 0.1582
9 P P _ echnology X 0.3401 0.3957 0.2693
and scale. The survey data based on the input-bingicators Xa 0.2463 0.1308 0.1434
and the requirements of SE-DEA model is listed &bl€ 1. X5 0.2399 0.1074 0.0824
DEA model requires that the DMUs be homogeneouh wit iﬁ g'gggi 8'%22 g'ié%
comparability and the input-output indicators meihie Xg 0.1450 0.1146 0.0692
requirement of isotonicity, namely, the output witit decrease
along with the increase of input [38]. This cantbsted by TABLE I
correlation analysis of the input-output datahibsld be noted EVALUATION RESULT OFCPPOF 24 COAL-FIRED POWER PLANTS (STAGE I)
that this paper does not use the indicator of $tyaischarge F;;(I):rlﬁr DEA-efficient " ot esﬁlifc-izﬁg Rank
per _unlt power gen_e_ratlon becausg it cannpt sattkie 501 v 00876 0044 11801 5
requirement of isotonicity. The correlation anadyssult of the P02 N _ _ 0.9508 20
input-output indicators of 24 power plants is lisia Table I, P03 Y 0.2381 0.1208  1.6249 1
from which we can see that the input-output indicstare P04 Y 0.1680 0.0846  1.4039 3
"y T . - . P05 Y 0.1513 0.0761  1.3565 4
p95|t|ve related, indicating thgt the mpu.t-outmui.lcators in P06 Y 0.0351 00175  1.0727 13
this research meets the requirement of isotonanity reflects P07 N - - 0.8242 24
the input-output relationship of implementing clean Po8 N - - 0.0135 21
duction of coal-fired power plants Po9 M 0.0778 0.039 11687 !
produ P plants. P10 % 0.1718 0.0865  1.4148 2
. - P11 Y 0.1153 0.0578  1.2606 5
C.Evaluation of the Original Data P12 N - - 08694 22
The original data in Table | is calculated with EM&tware P13 Y 0.0461 0.0230  1.0966 10
and the result is listed in Table Ill. The restibws the CPP of gig i g-giig 8'8333 i'éé% 191
16 plants is DEA-efficient and that of the rest Bngs is P16 N T T 09516 19
relatively inefficient with input redundancy and tput P17 Y 0.0622 0.0311  1.1327 8
deficiency. The super-efficiencies of the 24 powkmts are pis Y 0.0005 0.0003  1.0011 16
hieved and P03 is with the biggest super-effaieand P19 N . o 0.8630 23
achieve 99 P o P20 Y 0.0125 00063  1.0254 15
sensitivity. P21 N - - 0.9743 18
o , P22 Y 0.0347 0.0173  1.0718 14
D.Projection Analysis P23 Y 0.0362 0.0181  1.0752 12
P24 N - - 0.9961 17

The purpose of benchmarking CPP is to adjust atichize
relevant indicators of inefficient or weakly efficit DMUs so TABLE VI
that the performance of coal-fired power plantstoaimproved.  EvaLuaTion RESULT OFCPPOF 24 COAL-FIRED POWERPLANTS (STAGE Il)

By operating (1) with super-efficiency values (Talll) and Power - SE-DEA
. . DEA-efficient 72 y2* . Rank

input-output slacks (Table 1V), the projected valuef 8 plant efficiency
DEA-inefficient power plants can be figured out (&), and P01 Y 0.0653 0.0327  1.1398 6
these 8 power plants may improve the power gemeratiocess E’gg z 8'2282 8'8222 i'ggg’% 233
and input-output data based on the target valuasI€TV). P04 v 0.1314 00660  1.3026 4
hmark Selecti P05 Y 0.1513 0.0761  1.3565 2
E.Benchmark Selection P06 Y 00351 00175 1.0727 13
According to the benchmarking process in the cdntire Eg; z 8-88(1)2 8-8882 i-ggi’; ig
_orlglnal input-output data of the 8 DEA-inefficigmbwer plants P09 v 00666 00333 11427 5
is replaced by the target values in Table V. TheD&A model P10 % 0.1718 0.0865  1.4148 1
in (1) is applied again to gain the measuring testiICPP of P11 Y 0.0636 0.0318  1.1359 7
improved coal-fired power plants (Table VI). It da@ seen that E,g i g'ggg 8'8282 i'ggég ﬂ
the CPP of all power plants are DEA-efficient. he tsecond P14 v 0.0569 00285  1.1207 9
stage, the super-efficiency and sensitivity of Bi@bigger than P15 Y 0.0418 0.0209  1.0873 10
those of any other plant, that is, the final benatais no longer P16 Y 0.0009 0.0004  1.0018 18
| 03 b 0 P17 Y 0.0622 0.0311  1.1327 8
plant PO3 but P10. P18 % 0.0005 00003  1.0011 20
P19 Y 0.0003 0.0002  1.0007 21
V.CONCLUSION P20 Y 0.0125 0.0063 1.0254 15
_ ] P21 Y 0.0000 0.0000  1.0001 24
The benchmark selection of CPP for the coal-firkzshfpcan P22 Y 0.0341 0.0171 1.0706 14
be divided into two stages. In the first stage GR® assessment P23 Y 0.0362 0.0181  1.0752 12
P24 Y 0.0002 0.0001  1.0004 22

of the original data of all power plants and thejection
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TABLE IV
INPUT-OUTPUT REDUNDANCY OF 8 DEA-INEFFICIENT POWERPLANTS

Input redundancy

Output deficiency

Power plant - - - - — - - - — — -
St S S 4 S5 S S7 % S1 S S
P02 0 0 0.040 1822 0.00 0.75 1.830 830 0.050 0.000 0.000
Po7 0 63 0.020 2415 0.00 0.65 0.230 41 0.000 0.000 0.030
P08 0 0 0.010 4334 0.00 0.58 0.540 635 0.000 0.030 0.010
P12 0 0 0.020 1732 0.00 0.51 0.710 93 0.140 0.000 0.030
P16 12 0 0.020 1549 0.00 0.22 0.000 80 0.000 0.120 0.250
P19 0 0 0.000 0 0.00 0.05 0.000 0 0.070 0.050 0.000
P21 22 0 0.000 0 0.00 0.00 0.680 0 0.000 0.000 0.000
P24 0 0 0.020 0 0.00 0.24 0.290 0 0.000 0.070 0.000
TABLE V
INPUT-OUTPUT TARGET VALUES OF8 DEA-INEFFICIENT POWER PLANTS
Power plant Target input Target output
X1 X2 X1 X2 X1 X2 X1 X2 X1 X2 X1
P02 489 687 0.106 4161 2.53 3.15 0.808 910 0.693 0.745 0.734
Po7 508 689 0.144 4879 2.76 3.46 1.062 1344 0.772 0.785 0.741
P08 487 451 0.113 2653 2.62 3.12 1.006 991 0.651 0.650 0.665
P12 615 668 0.135 4079 3.47 3.83 1.207 1173 0.838 0.900 0.930
P16 619 942 0.122 6764 3.02 4.01 0.951 1117 0.900 0.920 0.956
P19 709 823 0.148 4319 231 3.58 1.735 1380 0.799 0.789 0.805
P21 696 782 0.161 6394 2.26 3.09 1.288 1334 0.773 0.758 0.820
P24 705 780 0.147 6073 2.48 3.86 1.395 1321 0.805 0.811 0.856

analysis for the DEA-inefficient DMUs are conductedyet the
target input-output values, and the benchnmBykn the first
stage is achieved simultaneously. The DEA-ineffitiplants
may adjust their input-output data according to phejected
values. In the second stage, the CPP of the DEAiexft plants

continuously improve the CPP in the coal-fired poimeustry,
and can the benchmarking of CPP guide the powegrggan
and the emission reduction.
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the premise that all DMUs are DEA-efficient. In timst stage,
DMUg; is DEA-efficient and its input-output data doest no
change during the second stage; in the second, skexgle
DMUg; and DMUs, are DEA-efficient, but the super-efficiency[l]
of B, is bigger than that oB,. In fact, theB;, andB, can be
regarded as “to select the best in the bad ordrgthod”. The [2]
second stage can be considered as a re-benchmarkiogss. (3]
Therefore B, is a more appropriate benchmark and we can pj
the two stages above into practice and improveQR® of
coal-fired power plants. (5]

The above analysis shows that the CPP of coal-ficager
plants can be measured, benchmarked, ranked, gndved [6]
through the SE-DEA model. An empirical study ofc@al-fired
power plants gives the fact that the efficiencydbenark will 7]
probably change. The benchm&kachieved in the first stage
may be not the best choice and the benchrBargot in the
second stage is better thBn To selecB, as a benchmark will (8]
be more conducive to improve the CPP.

It should be noted that the benchmarking basedsBDEA  [9]
model is a relative measuring method. In the procek
implementing cleaner production and in the courfseatuing
and improving CPP of coal-fired power plants, tlagional or
industrial standard methods should also be usexsdess the 1]
developing level of cleaner production. Only to ¢ame the
relative assessment with the absolute evaluatiom ca

(10]
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collect the research data.
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