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ABSTRACT KEYWORDS
By means of constructing the super-efficiency three-stage DEA model, Super-efficiency three-stage
this paper conducts a study on the environmental performance of electric DEA mode!;

Electric power industry;
Environmental performance.

power industry in 30 cities, provinces and municipalities of China. Firstly,
in consideration of the undesired output, this paper takes advantage of
super-efficiency one-stage DEA model (Super-SBM) to evaluate and
analyzethe environmental performance of China’selectric power industry.
Secondly, this paper makes a regression analysis on the macro-factors
influencing environmental performance of e ectric power industry of China,
by dint of super-efficiency two-stage DEA model (Tobit model). At last,
this paper cal culates the macro impact factors, aswell asincludesthemin
the super-efficiency DEA model to empirically analyzethethird stage. The
findings show that in consideration of the influence of macro-factors, this
paper works out that the regions such as Shanghai, Hainan, Beijing,
Zhejiang, and Hubei achieve comparatively high comprehensive
environmental performance, aswell as putsforward the policy suggestions
on the improving environmental performance of China’s electric power
industry. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION There are various research papers at home and

abroad theenvironmenta performanceof dectric power

Electric power indusiry isthemost important energy
industry of the nationa economic development Onone
hand, the structure of dectric power industry isnot well
bal anced, with ahigh energy consumptionand low effi-
ciency inresources utilization; on theother hand, alarge

number of pollutant emissionsincluding SO, and NO,

arecoursing severeenvironmental pollution problems,
whichviolaestheprincipleof “Energy Saving, Emisson
Reduction, Green Development, Low Carbon™.

industry., But very few of themison environmenta per-
formance of e ectric power industry. Most of scholars
only cond der economic output factor, they did not con-
Sider environmentd factorswhich areclosdly connected
with electric power industry, such asthe undesired out-

put SO, B9 Therefore, in order to be more compre-

hensiveand scientificin environmenta performance of
el ectric power industry in China, this paper, based on
theorigind DEA mode, build the Super efficiency DEA
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3 phasemodd, at thesametimeit effectively disposed
the Super - SBM model to the expectation.

RESEARCH METHODSAND MODELS

In performance evaluation with super efficiency
DEA method, it requires minimum input for maximum
output. However, different industries havetheir own
characteristics, for example, inthe processof produc-
tion, electric power enterprisesreaized the economic
vaueof eectricity, ontheother hand, itinevitably pro-
ducealot of environmenta pollutants, these environ-
menta pollutantsarenot desired, collectively known as
the undesired output. Based ontheradid Angleof SBM
model, a thesametime, in deding with undesired out-
put, thisthesis effectively solved the problem of the
dacking relation between input and output. Essentidly
gpeaking, it can reflect the essence of the performance
evaluation than other methods.

Based on SBM model, we can obtained the un-
desired output of the Super efficiency DEA modd which
isSuper - SBM model, onthe one hand, it can effec-
tively solvethe decision-making unit scheduling prob-
lems; Ontheother hand, it dso considered theissue of
the undesired output of the el ectric power industry in
thisthes's. Super - SBM model isasfollows:

St.

zij)ﬂj"'s_:)ﬂo @
i=1

Zij yrj _SrJr =Y
i-1

p isefficiency value, S-and S+ respectively meansde-
ficiency and excessoutpuit.

VARIABLE SELECTIONAND DATA
SOURCES

Selection of decison-makingunit and data sour ces
This paper uses cross-sectional data research

method on environmentd performanceof dectric power
industry in China’s 30 provinces and autonomousre-
gions (except Tibet). 30 provinces and cities autono-
mous regions are taken as samplesfor empirical re-
search. Dataismainly from China Power Yearbook,
China Environment Yearbook, China Energy Sa-
tistical Yearbook, China Satistical Yearbook and
China Labor Satistical Yearbook.

Selection of I nput and output indicators

thethesissdlectedindicatorsasfollows:

Capacity (KW) representsan important index of
€lectric power industry investment; it mainly showsthe
sum of active power inactua installation of generator.

Labor (person). Thetotal number of employees of
electric power industry indl provincesisdifficult to get,
wewill adopt the labor force of thermal power pro-
duction and supply whichishighly closed to e ectric
power industry.

Desulfuration Equipment Units (Set). AsChina’s
electricity industry ismainly coa-fired power, thema:
jor emission pollutant isso2, from the perspective of
environmental protection, we select desulfurization
equipment units.

Electricity Generation Coa Consumption ( g/kwh).
Inview of thepractical situation of energy savingin
el ectric power industry, we mainly cal culatefromthe
fuel consumptionindicators, it standsfor thevariable
cost of eectric power industry.

The consumption rate of power station (%). It re-
flectsthe power station’sown power consumption leve
intheprocessof generating e ectricity.

Two major indicators were selected, output and
theundesired output emissionsof Sorespectively.

Selection of macr o-affecting factor sindex

Thispaper selectsmajor influentia factorsasfol-
lows. GDPmainly reflect aregion’sgross domestic
production, it affectsthe devel opment of e ectric power
industry and offers certain support from all sides.
Region’spopulationreflectstheleve of eectricity con-
sumption, it directly affectsthe overall operation of
el ectric power industry; Theelectricity consumption
reflects regional economic development; Raw coal
production volumereflectstheregional resourcesen-
dowment.
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EMPIRICAL RESULTS

Empirical resultsof Super efficiency DEA Sage-|

To eva uate El ectric power industry environmenta
performancefor 2009in 30 provincesand autonomous
regionsin China(exclude Tibet) with software DEA -
Solver Pro5.0, we compared and analyzed results of
Super efficiency DEA mode without considering the
undesired output and Super - SBM model with undes-
ired output.

(1) Technical efficiency analysis

we can concludethefollowing result: under thecon-
dition of not consdering undesired output, theaverage
technicd efficiency is1.718; thereare 19 provincesand
regionsreached efficient frontier level. 18 provincesand
regionsreached efficient frontier leve; thetechnicd ef-
ficiency of considering the undesired output islower
than that of not considering undesired output; only
Jangsu and Shandong provincesremainthesamelevd.
It showsthat in environmentd performanceevauation,
inelectric power industry research, environmentd emis-
sionsof pollutants hasagreat influence on efficiency,
Super - SBM model can deal with the undesired out-

put moreeffectively and reflectsthered situation.
(2) Analysison decision-making unit

Thebiggest advantageof Super efficdency DEA modd
istosort decison-making unitsaccordingto theefficiency
of units. Through the abovetwo typesof modd cacula
tionand analysis, without cond dering theundesired out-
put, Under the condition of considering theundesired
output, thetopfiveareQingha, Shangha, Hubel, Hainan
and Beijing. Shanxi was decreased from No. 22™ to
No. 29". Through the above comparison, wefind that
provincesand regionswith high coa consumption and
severeenvironmentd pollution have comparatively low
technicd efficiency cons deringtheundesired output.

(3) Projection analysis

Toimprovethetechnical efficiency lessthan 1is
very important. After an analys sof the effectivenessof
30 provinces and regionsin Chinawith Super - SBM
modd, wefind that there are12 decision-making units
intheinvalid state; it can further draw input redundancy
and output deficiency, which contributeto solutionsfor
improving environmental efficiency in provincesand
regions. Foringtance, inInner Mongoalia, if theingtalled

TABLE 1: Analysison Sacksof | neffective decision-making units

Input Redundancy

Output Insufficiency

DMU

Sy S, S S, S S S,
Jilin 0.037 23 0 0 1.523 0 0
Tianjin 0 0 1.387 0 1.228 0 43.803
Guizhou 0 2228 117.397 0 0 85.471 0
Anhui 0 7731 725 0 1.263 0 0
Y unnan 0 11527 198.82 0 1.065 65.89 0
Sichuan 293.896 45984 12.278 30.968 0.359 0 0
Gansu 0 1479 325.565 0 4713 0 0
Jiangxi 0 32380 59.87 0.294 1.548 56.27 0
InnerMongolia 796.96 4157 298 2.234 0 0 0
Xinjiang 1215.26 1887 1389 0 0 0 0
Shanxi 128.453 2910 1500 51.89 1.89 0 0
Hunan 134.292 0 38.792 24.084 0 10.39 0

Note: § isadjustment valuefor installed capacity, S, isadjustment valuefor thelabor force, S; isadjustment valuefor

desulfurization equipment, S, isadjustment valuefor standard coal consumption, & isadjustment valuefor eectricity

consumption rate of power stations, Sf is adjustment value for power generating amount, SZ+ is adjustment value

for SO, emission.
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capacity is reduced to 796.96, labor force to 4157,
desulfurization equipment to 298 and standard coal
consumption to 2.234, and then the effective frontier
level can beachieved.

SeeTABLE1:

By analyzing the projection theorem, weanayzed
theinput redundancy ratio and output insufficiency ra-
tio;. From Figure 1, we can seetheroom for improve-
ment for Labor and desulfurization equipment decrease
isbig. It showsthelabor personnel qualitiesand skills
inéelectric power industry need to improve; a thesame
time, thedesul furi zation equipment operation ability shdl
beimproved through technological improvement.
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Figurel: Potential Improvement for I nefficient Decision-
making unit Diagram I nput and Output

Empirical resultsof Super efficiency DEA Stage-
2

According to the characteristics of € ectric power
industry, the macro factorsaffecting environmentd per-
formance Tobit model of electric power industry isas
follows

y:ﬁo+ﬁ1)<1+ﬂzxz+ﬂ3x3+ﬁ4x4+g @
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Intheformula: y refersto efficiency valuesof the
super efficiency DEA modd; x, isregiond GDP; X, is
theregion’s population; x, isthe proportion of el ec-
tricity consumption of thesecond industry; x,isthere-

gional raw coal productionvolume; f,isthe constant
term; ¢ isstochasticterm.

TABLE 2: Result of Tobit M odel Regresson Analysis

Explanatory  Coefficient ~ Standard b
variable estimates error
C 0.4843 0.0975 45315  0.0000
Xy 0.5095 0.1927 6.3709 0.0184
X, -0.2036 0.3419 -2.4015 0.0293
X3 0.0095 0.0055 17327 0.0053
X, -8.3006 3.6619 -2.2687 0.0233

Note: the entire above variable coefficient have passed through
significance test

Using Eview6.0 to handle Tobit mode truncation
type and make the maximum likelihood estimation of
theprogram, results after Tobit regressonareshownin
TABLE2

By analyzing TABLE 2, we can seethat regional
GDPand e ectricity consumption of the second indus-
try arepositively related to theenvironmental perfor-
mance; the region’s popul ation and regional raw coa
production isnegatively related to the environmental
performance.

Allindl, that different macrofactorsaffect differ-
ent partsof the electric power industry, themacro fac-

TABLE 3: Calculation result for environmental impact factors

Environmental

Environmental Environmental

Region Impact Factors Region Impact Factors Region Impact Factors
Beijing 201 Zhejiang 9798 Hainan 553
Tianjin -2629 Anhei -93421 Chongging -36712
Hebei -60783 Fujian -14725 Sichuan -74099
Shanxi -532556 Jiangxi -25002 Guizhou -93028
InnerMongolia -413432 Shandong -100152 Y unnan -64666
Liaoning -47932 Henan -169385 Shannxi -197834
Jilin -30319 Hubei -4296 Gansu -32301
Heilongjiang -77558 Hunan -45858 Qinghai -10355
Shanghai 2777 Guangdong 16153 Ningxia -35466
Jangsu -6289 Guangxi -1070 Xinjiang -54196

s BioTechnology

An Tudian Yourual



124

Study on environmental performance of electric power industry based

BTAIJ, 8(1) 2013

FULL PAPER o

torsshould beconsderedintheeva uation sysemwhich
canredly reflect theenvironmenta performanceof elec-
tric power industry in China

Empirical resultsof Super efficiency DEA Stage-
3

According to theformer analysison macro influ-
encing factors, theresult can befurther calculated on
theinfluence degree of variousareas, so that the elec-
tric power industry environmenta performancein China
can bemore comprehensively analyzed. Through the
calculation of environmental impact factor of eachre-

analyze the environmental performance of electric
power industry in China.

Environment impact factor Calculation

Thispaper cal culated theregion environmenta im-
pact factorsWith Tobit mode, thecalculation formula

is C =Zﬁjxij,(i =12,..n,j=12...,m) geethe
j=1

result asfollows;

Resultsanalysisof super efficiency DEA stage-3

Accordingto caculation result of TABLE 3, envi-
ronmental impact factorsin someregionsarenegative.
So dataconversion isneeded here. After process, the
minimum environment factor isZero. Thecdculation
results of Super efficiency DEA Stage-3 model are
shown in TABLE 4. The contrastive analysis with
TABLE 1 super-efficient DEA Stage-1 modd ismade
a thesametime.

Through the contrast drawn from above, we can see
that rank for regionsarea so changed. Thetopfiveare
Shanghal, Hainen, Bejing, Zhgiangand Huba.. Effidency
vauesin Zhgiang, Guangdong and someother regions
areelevated, theranks are a so higher compared with
last stage. It showsthat |ocal GDP and power consump-
tion of the second industry give, to some extent, sup-
portsto the devel opment of theregiona electric power
industry. Inthecal culation of stage-3, both environmen-
td indicatorsand other technica indexesof dectric power
industry aretaken into consideration, along with other
meacro factorswhich human being cannot change.

TABLE 4: Contragiveanalyssof Super-efficient DEA Sage-
| (SE-DEA-1) modeland Sage-3(SE-DEA-3) M odel

Region SE-DEA-1 Rank SE-DEA-3 Rank
Beijing 1.337 5 1.346 3
Tianjin 0.990 20 0.924 10
Hebel 1.015 12 0.907 11
Shanxi 0.792 29 0.665 30
Inner Mongolia 0.810 27 0.706 28
Liaoning 1.010 13 0.856 18
Jilin 0.991 19 0.812 21
Heilongjiang 1.002 16 0.833 19
Shanghai 2.012 2 1.874 1
Jiangsu 1.000 17 1.016
Zhejiang 1.075 8 1.287 4
AnHui 0.893 22 0.800 22
Fujian 1.003 15 0.872 14
Jiangxi 0.832 26 0.799 23
Shandong 1.000 17 0.866 15
Henan 1.036 10 0.865 16
Hubei 1.554 3 1.157 5
Hunan 0.744 30 0.733 26
Guangdong 1.024 11 0.975
Guangxi 1.262 0.933
Hainan 1.389 1.602
Chongging 1121 0.889 13
Sichuan 0.868 24 0.797 24
Guizhou 0.949 21 0.815 20
Yunnan 0.875 23 0.740 25
Shannxi 1.007 14 0.860 17
Gansu 0.845 25 0.722 27
Qinghai 4.013 1 0.998 7
Ningxia 1.039 9 0.905 12
Xinjiang 0.806 28 0.670 29

Note: SE - DEA - 1 refers to performance value of Super
Efficiency DEA Sage-l, SE - DEA - 3refer to performancevalues
of Super Efficiency DEA Sage-3.

SUGGESTIONSONHOW TO IMPROVE
THE ENVIRONMENTAL PERFORMANCE
OFELECTRIC POWER INDUSTRY IN
CHINA

From the above analysis, we can see that unbal-
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anced regiona devel opment gap of electric power in-
dustry in Chinaisbig, power generation and energy
consumptionfor theindustry itself arebigwith serious
environmenta pollution. we should strengthen carbon
technology research and use of electric power industry,
to enhance people’smentality through low-carbon edu-
cation, to construct asystem of production-teaching-
research of low carbon devel opment system, to make
more effortsto learn theinternational advanced tech-

nology.
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