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Abstract

This paper aims to study the unified efficiency of china’s thermal power industry
in 30 provincial level administrative regions. Horizontally,coastal areas and inland
areas are compared and analyzed. Vertically,we investigate the change of unified
efficiency during 2004-2012.

In term of the method, this paper use the non-radial directional distance
function(NDDF) which overcomes the limitation that the conventional DDF may
overestimate efficiency when there are some slacks. It also incorporates inefficiency
of all input and output factors to measure the unified(operational and
environmental)efficiency of thermal power industry. This paper constructs both static
indexes and dynamic indexes to evaluate operational and environmental performance
of thermal power industry. In order to further discuss the dynamic change of the
unified efficiency of thermal power industry, we decompose the dynamic indexes into
efficiency change, best-practice change and technology gap ratio change.

As for the empirical analysis, this paper divide the 30 provincial level
administrative regions into two groups and use the input-output data of china’s
thermal power industry in 30 provincial level administrative regions during
2004-2012 to calculate the unified efficiency. The results show that UEI in coastal
areas is higher than that in inland areas. During the study period, the MMUEI in
coastal areas is often higher than that in inland areas, which means that the UEI in
coastal areas grows faster than that in inland areas. Then,this paper analyze the
influence factors of the unified efficiency and use the tobit model to do econometric
regression. The results indicate that energy consumption structure, coal resources
distribution, power generation technology level, economic development level are
significant influence factors of unified efficiency of thermal power industry. However,
energy price has no significant influence.

In the end, policy suggestions are provided to the government as follows. Firstly,
the policy of coal consumption control should be continued to reduce the proportion

of coal consumption in the thermal power industry. At the same time, clean utilization



of coal should be promoted. Secondly, the development strategy of thermal power
industry should vary with coal resources distribution. Inland areas with rich resources
should be encouraged to develop coal electricity integrated complex project. Coastal
areas lacking in resources should reduce coal consumption and develop clean energy.
Thirdly, technology innovation and the introduction should be encouraged to
improve the level of power generation technology. "setting up the large while shutting
down the small " should also be continued to eliminate small thermal power plants
with low efficiency. Fourthly, along with economic development, the growth mode
should be adjusted to improve the unified efficiency. Finally, market-oriented reform
should be continued and the price control should be relaxed to return the commodity

property of energy goods.

Key words: thermal power industry; directional distance function; unified

efficiency



BB BT BT oo 1
=R T L — SO 1
Sl vy v -3 7, OO 2
= T v 011 = 5
BEUAS R B2 oottt 5
2 i e v <, 6

ek — iy o 0 o 7
R e e s - - 7
ke o I |5 - 1y T, PO 8
B EATERIBER UE] oottt 10
FOH [Hl. B, £REFAEARMEEUEIBE.....cooeee 11

- Bl = e Ay 1 16
3 S EHIREA . B BIIBIE e 16
S o Ty o =l T 20

=Nt = A T [ES =3 o 31
T KBTS EMEERMIBEIE oo, 31
P 2EZEAWEREKR UEI B Tobit ZMEBYFSH ..o 32

-0 o U NS S o A 38
BT T oot 38
S oI5 i S 5 ) ARSI 39

L v 42

BB T oo 48



Contents

Chapter 1 INtroduCtion ........ccocveiiiiiiiiieee e 1
Subchapter 1 Research background............cccoooiiiiiiiiieee, 1
Subchapter 2 LIiterature FEVIEW .........coocveieiieiieieeie e 2
Subchapter 3 Innovation points of this PAPEr........cccceveiiiiniiiiireeeee, 5
Subchapter 4  DefiCIBNCIES ......ocviiieieie e 6
SUDChAPTEr 5 STIUCTUIE ...o.eeiieeee s 6

Chapter 2 Methodology.........ccceiiiiiiiiieice e 7
Subchapter 1 Production teChnology ...........ooveurviiiiiiiieiisiiiiiiineeeee e 7
Subchapter 2 Non-radial directional distance functions .............ccccccovvenenne. 8
Subchapter 3 Unified efficiency iNdiCeS..........ocovviiiiiiiiiies e, 10
Subchapter 4 contemporaneous, intertemporal,global production
technology and dynamic index and the decomposition of the dynamic index
.............................................................................................................................. 11

Chapter 3 Empirical studies on unified efficiency indices............ 16
Subchapter 1 Samples, varibles and data............cccccevviieneein i, 16
Subchapter 2 Results and analysis.........cccoceviiiiiiinicicieeeee, 20

Chapter 4 Analysis of influence factors..........cccccevveeiiicveccceenee, 31
Subchapter 1 Influence factors of unified efficiency of thermal power
TNAUSTTY <ottt bbbttt 31
Subchapter 2 Two-stage tobit regressions on unified efficiency of total
72101 (0] TSR 33

Chapter 5 Conclusion and policy suggestions...........c.ccoccevveriennnn, 38
Subchapter 1 COoNCIUSION .......ocveiie e 38
Subchapter 2 Policy SUQQESTIONS.......cccoiiiiiiiiiiisiirieiee e 39



RETCIEINCE oottt e e eennnnnenes
N o] 011 T 1 S USSR

ACKNOWIEAGEMENT ..o



B ZEER

WHEZGRRELES ANEH, BLCBOs T B3 — RIS HH A, BIRG Y
HOTAERA BT, HJ2 2014 FEATISMRERE 7.4% )38 1H . LML HEh E 4
GER) AP R A CRIFRCIUE K, 5 2 AR RE I R RE RV 70 75 5K o AR AR VR =) BL &
R R AT EAE, 2014 4F, 4t AR 5.52 TG T LN . #E 2014 R,
R A HL A B 13.60 14 T 5L, a5 58— . FRIE e ri LA & kil 9.16
1CFT, AN RN 67.4%, BAR KA 5T ERA BT R, (HEkAe
e 4k 2> B LI B ORI o T E T IR R B S T, HERAE — KRR YR
HEH I 70% A 4 .

TEL IR TR S R i TR 5 R S A A TR O 248 FH A SR (R B A58 1) 8 5 N DR
FES A TUAFEMERI (2006-2010 ) HME], A E B2t A 2006 4 2 2010 4
PRACAEIRHEAE (B GDP FIREVRTHE 27 20%, LK M 2005 44 2020 4 F#{K 40%
Z A5%HRE (BAAL GDP 1ICOHEBO (s HAx. 2011 FEH A (=

FOW BRI SR EYE TAE T 52 B T AR H bR . RIEBURX T ke
Ak BEFERERBUR 1 Bk, BT X HAR, KR H) e/ HAE
YETH AR BRI R /)2 F o RIS 2010 4R, A E 19K 1 K ATk
ST 4 E R 500680 R 2 48% IR HERL (Liu and Wang,2011) M, Aix
ANFHREF RS, T K 77 A L R FE AR T B SO R AR B o SR RE R AR
EATARRAE M T R SARAA T 5 777 DA S8 I 4 A 32 B AT R 2 5 3 4
73

FES 11 A TUAFERRI (2006-2010 4F) o, w [ ik 7R B ALY T REAREA]
RIBHE LIS 2R B bR, AIEE RIIE 12T R EBUFIRH T —Fhik 8t
HH B SR 58 BORCHE F AR o BB 1 b K /N BUR A AN Ik (1 /8 K F L T
BRI, & 2010 EILFK T 76830 JKEL. 7R 11 ANFAEMRIMN, XAE
BV P BERIRA R LA 2005 SR HE4E, KR BERT > 1 17.4 A4mEE CO, FF
B (R E AR E 2, 2010).



Hh ] K HAT b £ AR T 7 S A R 3R 43 BT

o ] B ok RAT Y gAMb — 5 T AR SE A Akt T R4 K o 54T, 3 —J5 T
T s PR 5 1) R ) 200K . i £ 03 10 RIS TA) R, op K RAT ML e 2 AN Rl 3t
XZ AR AR ER? ERER R R A T KRR KRN = U7 A J ?
AURF I 24 e 1) 5 UK BABUET K LAk i) i J SR B AR Z T ) SR 2R 7 X 2 )

L2 P9 1) 8 o
oy 5

LIRBH A R

Farrel( 1957)A 5 B2 1 7 DEA AL O T ¥ AE& 7= B (A5 76 R )
e Charnes et al. (1978)FPbE s —7 iy e A% 7= i etk . Fare (1994) Uiz
Malmaquist 2E 7= Fa 582 1 DEA ZCRIFN AL AT DL ARG 2™ I AR RCR I A
ETEN

(EBEH%E 2010)CIE iRl A FC RO ZERE AR T AT B R RCR B S22
Malmquist 8%, PASENFERE, XEA[E 28 MEIX T 1996—2007 4F 1) A L
FIHETBOS At T SEAERE 7S . Chambers(1996) 1 1 5 72 77 1] i) B 77 VR4 & 2
HH PR3 IR A R HE R0 [ BS N 77 T 2 25 R 5 SR AT S8R VAT o — LB
FOK I I2 H B PP A T B VUR AR AR BT R . il a0 Chang and
Hu(2010)[,  Oggioni et al.(2011)®1L) )z Riccardi et al.(2012)™.,

{E 2 Db BT BT F ) 5 1A) BE S BR UK AR 52 B 42 TRl (B i 29 R . Fukuyama and
Weber(2009)!% SiE B 1 XA B — MR SRR, BI 2405 R R e AR Z R B
S AR B2 51 R BRI AR I bR 0 i il - Fukuyama(2010)M K J&E T — ST
atb 2% 1R 7 ) 1 JE AR I FEE A Barros(2012)2 g N JE-4 2 i B 2 AL T 1)
PEBS R, MATTIIBI FOAE — e R R ORAN T AR B R BRI o 72 P 25 BT
Bt , ER% (20100 WIEIF M IR BRI IEH SBM Jy I I B iR 2
Malmquist-Luenberger 840K TR L RPN F &

Fare and Grosskopf(2010)™ 37 Hy 1 343 ) 77 141 B B R 5 Zhou(2012) iy it
TN R AP ECF R A ARAR 1R 77 1 PR RS BRI, ST AT BB IR S BcHE TR
AT SRR


http://www.baidu.com/link?url=fhpYkYfAwl6c8ZPugxENFE0Mo7Z0F7yB8tLFCy_GpkbUyN-v1vfV3rNVRIlYkDqORlvBO01tkf8qLMMxzTkWG_

B Al

2 M RIEFRRADIE

(Sueyoshi 2011)ME HfE T 7 Ay A A B I SIS Bl BN AREYE
HAEREIER N XA SO, St 7R H AR KA ISR S R 7%, Hd
H I ZR B RCR RN 58 T 28 SRR,

(Zhou 2012)#2 H BEIF B T8 5 EPI N SEBRBEIR ARSI RE IR R I L%,
BHE OSSR BR CPI AT E DI R 5 S B B (1 L 2

(Zhang 2014)1 7157 J 4 3 AHABE 5 fh1l 50 S5 ot e [T K R AT M B R FH -5 BT
RORWIFE . ST HAx, $H 7 MRS 1) 77 [ BR 5 Bk 280K 55 K H e J5R
SRHEER . Zhang 44 1 (Sueyoshi 2011)#1(Zhou 2012)() 751, #HT UEI
CEERCRESRR . A AEYE T (Zhang 2014) 256 RCE Fabr UEI 1IM9iE, A LAdE—
SS9 R ] KA I R £ B AR A 9 )

3 MEIBRHENTSH

(ERFfH%F 2010)76 R s AT 50 00 JEmih A 2 1wl B 5 20036 3h 25 A2 4k 1
Malmquist $5%%, CLHCAHIERE, XFrRE 28 MEIX T 1996—2007 M) 4 ALt
FHETBOS AR T SRR 7T

(Oh and Lee,2010)812 4 [H] B 77 Malmaquist 464, 5T 58 E % 31
(TR R B 7, 15 S B 5 T B AR i v R Bl (R 34 DA K BRI [ SR 7E {7t
FR AT 4518

(Zhang et al.,2013)" 8 H T 3L FIRTHS T #3642 1) Malmquist — 2846 BEHERRL
FIEH (MNMCPI) 3k I 55 4= B CO, HE 0% Bt 4 I 18] i 3 28K B 38 . 1%
MNMCPI J7 il it g JLA BRI R 2% 0 i (DEA) AL, 2 ) 2 S Fi g
BRI N LU Malmquist — S0 BRHEBURERSaHR (MCPD . JEAEX H
2005-2010 4E 2k 3 & BAT M ER (0 SAE o M b 5 458, ik B 435K o, f
UK T 0.38%, FF HAFEI—A U BU MNMCPI #fiZk. 74 xSt 2s &
Y ke a8 F) i Ml S5 2 B AN AR U 1, JUBURE 7542 15 C O, HE U A R
ARG MNMCPI FIRIERN S iR, KX UEL £33 4R bRt AT s S0 2
MMUEI J =57 i .



Hh ] K HAT b £ AR T 7 S A R 3R 43 BT

4. KR ATI B AR IR AR

A —LEH ST BT 1 AT SR R HE ) B R Al SR A B B LA A B RO D
7% 77(Maruyama and Eckelman,2009%%; Ang et al.,2011) 1, 3% Fh 7 B et T4F
—EF KL, K IR KT BEE TR A ] St X S5 7K
BRI TR TR KIURA H, BREIEHE REE 605, Fre il Dol
R EF AT IR LR — A2 ER WA TR, FENRANEREEIRL L
EREURIIHEEN, BN Eh A B A, iltn Sueyoshi and Goto(2011) 22t A KE
FE— DR ER A HEZE T B E R I 255 R P O T )8 3 1 g e
P — B AFI0) WAE

MAEF R ML, RERA RN SHEERE (Zhou et al,
2008a)%%, K HRIX AN LR BT TT, s 455047 (DEA) HARTEREIFAIIE Bisk R
VAL T 3RS 7 )2 B (Song et al.,2012)4, L4, Zhou et al.(2006,2010) (21261
Picazo-Tadeo et al.(2011)?" DA% Wang et al.(2013a) ¢ H 3 7=k (g 2 45l v, 5 %
Wt e & i 7 DEA SR #r K 0k W) R (B Barros and
Peypoch,2008™:Liu et al.,20105%Jaraite and Maria,2012"%; Sueyoshi and
Got0,2011,2012a,2012b4%: Zhou et al.,2012,20130341%%); Bj et al.,20145%) {H 2 1R />
AW FRER] DDF 72K B\ RCRE N H . AT 2401 DEA #AL,
DDF W] Lliid [Fl i g A0 A 82 7= Y (v ) BLAs/DARHER 2 - (anC o, #F80
Sk EE., TERB MR, Fae et al.(2007)F5%H 7 DDF 773k ¥ &34 [
BRI BE R L) IR B ALK . Zhang et al.(2013) & T — AL [H ¥ DDF Fk
JEE 55 [ 1) K R AT B TR R HE TR . Zhang et al.(2014) 45 7 — >k
T+ DDF 7EREVR AN IABERIF 72 H N ) SCHRZR3A

L4 1) DDF J/bJEREE = (BN BRI EE = iy, gl —A
[t 2 B ELE, P PART DA 9 & — ME B RCR R &, FIRZHRRME. Hh—
AN RRR A, 247 4 it (Fukuyama and Weber,2009) 77 £E [R i, 4% 17 B2 & 45 A]
Remifdizk . 1M H, 1E40 Sueyoshi and Goto(2011) 1 &1y, 42 1) () 3k % 3 & ik
X o L) HYIR BR RN22 78 RG22 [ ) 22 7 o — BB 78 LT T R AR sth A A\ 2K
FJE & 27 (Fukuyama and Weber, 2009; Fare and Grosskopf, 2010; Barros et al.,
2012), ¥1L4:1¥ DDF & J& i NaEZ 1A ) DDF (NDDF) . ST R /&, Zhou et

4



B Al

al.(2012) X2 i 1 DA —Fh A BRAL IR 757 ST — /N B AT B I R
f¥) NDDF. Wang et al.(2013c)*® fH 1% NDDF 75 & 7 3 TR 1500 R 1 B 2L
FRAFE ],

4547 Zhang et al.(2013) A1 Zhang et al.(2014) I 5t, A48 ] NDDF #y %
TSNS FEFR R B LEE MR (GE MR LR E 1k 1k
I RETR SEREE AR . 55 Zhang et al.(2013) R FE AR R S, A SCAMXUA A ST
TER B RCRIRIRIT B B T B —E R IR, MR EHIE T AN R
AR . BN SORERIE— N EERM AT ERZ TR ENE. 5
Zhang et al.(2014) AN A2, ASCAMUHE T 455 R FATRIR, M T 45
B RRBBIRIRKRE 5L 2004 £ 2012 4F [ I RCRRAL . ASTEH] T 2004-2012 4
8] 4= [ 30 AN AT BUX M EE IR & AP SRR AN, I HAKIRHhER AL & DL &
NANRIGTE IIE AP, B TATT o BB AT B 2E, 1K R 23 2 I U AR AE T
8T LR MR MBI AR Z R, LRI SBUEARZE SR FE R, s
BRI N T EELGERCR, A H 423K NDDF (TNDDF) 7%,
EHTERANFHERNTRECEEN,

B=T XEHNRFHR

1. EJ7EMEENR BT T —E MK RE. £ NDDF J5iEH b, Bb#E#
R Bk B4 . L AT Zhang et al.(2014)$2 1 UEI #5245 R0R He s 35 R T
KA A BRI T L. RSO RS I RCRTEAR UEL R BCAENE IR
Fahr MMUEL R o0 [ K AT 48 BRI 256 AR PP R

2. {ESE b, ARSCEHL 2004 22 2012 4R [E 30 N8 AT BUX K AT MK #%
A GBEIRGSIEBRIEH O APl (G REIEG=E~H) RS, 1THEBEE K
AT E 5B 456 30 1R S48 F5 UEI M)A 48 b5 MMUEI

S FRZA

ETHRMTTER R, REEFRKIKT, AR iEa A2
ZAk.



Hh ] K HAT b £ AR T 7 S A R 3R 43 BT

B AR R SR R IR LB HEE . RE%rHZ )5
A AT, FATA BETHE A BRI AR IR R BR PEE  . o)
AR A T 2% 1 X TR) R SR e i A, o A SR EAR 3 I FR A PR A R
HKARCAVASE, it 73 75 s AR S Bk

B, AHESHER LT RBE T — ARG R, RICOHl. AHHE
PRI, ARKRMBTTNAZE T Z K5 R 2 M5 R HE, Blanso,%%,
AT DA SE 5 38 (10 7 FOR DA R [ KCRAT MK O EDR S PR B8R AR A v] 3R A5
FIEOLR, BSOINFE B K AT W43 & BER AR SR R U E A 3t — P 7

BRT XESH

NEILDPATAIY: BB, OFIEEE S, CGE, CEAH A
MARZAL BB IEN A NIABLETBOR, FFREATT R ERE, 4567
Rigbs, F. B, EREORLACRIEARNEIESC AT, 45 T RS
. H=FUEHT . AR AHE &) NDDF #74, J5 1 [
FHX 9 S A K AT A HAT WL RS BCRIF Ba 1 453, W45 REEAT 1 i
Wt o 55 DU RN X K A o X 43S RER 2w [ 5 5E 1EAT 1 3 B2,
HH tobit J7ixt EE R R AT TIFRELF R E AR, riE s
EREERAEE L. 58 TE B3O B85 IR — S BUR L.



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn



