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Abstract—Taking the provincial capital, labor and energy as China’s global share soared to 20.3% while the USA’s global

inputs, regional GDP as output from 1995 to 2007, plaper
quantifies the vertical and lateral energy saving pidénby

introducing the radial adjustment and slack adjestmof DEA. The
results show that by the vertical, the achievememneirgy saving in
2007 is better than their respective historical greninces. By
horizontal, in 2007 it can be found that Tianjinadning, Shanghai
and Yunnan do better in energy saving than othewipces. In
national wide, the higher of energy efficiency, theger of per capita
GDP and the proportion of the tertiary industry ire thational
economy, the more open to the outside, the lonertiergy saving
potential demonstrates, while the energy endowment neggtive
effect on energy saving potential.
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|. INTRODUCTION

INCE the exploration of oil crisis in the 1970s and

growing environmental awareness among societiespid r
development of energy-saving technologies has bekrced.
The uptake of these technologies is to reduce theuatmaf
energy required to provide products and servicesentioan
reducing energy use. It is, therefore, an importantsmeato
mitigate the depletion of fossil fuels and carbornssions while
give consideration to keep a stable economy grovethe@ally
for the developing countries. The developed counthiage
taken a large number of measures on energy saviighwave
swept the profession. Basically, in the past abmty years, the
focus of energy saving have experienced three peretergy
saving by living economically, energy storing andpioving

share decreased dramatically to 19%, which mean<Cthat
overpasses USA in energy consumption and has bedargest
energy consumer in the wofldAlthough there are differences
of the statistic standards, that China is a bigntguin energy
consumption has no dispute. Some projections suggesven
higher growth rate of energy consumption for Chinlaug; the
energy and the emerging environment issues are iaipec
prominent and vital to China sustainable develogmen
Nevertheless, China’s energy efficiency is still much lower

than many developed countries, even the average Iévubeo
world. In 2008 energy intensity (energy consumption pérafn

regionalgross domestic production) was 0.72 TPES/GDP (toe/timousa

2000 USD) in China compared to 0.20 in USA, 0.10 in Japan
and 0.31 in the word (IEA 2011). How to improve energ
efficiency has become an urgent issue that China hésce

a he Chinese government has launched a series ofovigo
programme. Over the past Eleventh Five Year (2Q060),
China successfully attained the goal of 20% drop oergy
intensity. For the next Twelfth Five Year (202D15), energy
intensity and C@emission are set to decrease by 16% and 17%
respectively. The central goals have been assigne@4t
provinces, autonomous regions and municipalities {Wain,
Macao and Hong Kong excludéd$ee Table 1. The objectives
to reduce energy intensity are classified into Gategories. The
four regions set for reducing 18% are from the kigleveloped
eastern coastal area of China and the industrydadiae take a
large proportion to their GDP (Tianjin 52.71%, Shanghai
43.47%, Jiangsu 50.57%, Shandong 48.43% in 2007).

energy efficiency. According to the International Energyconversely, the minimum goal of 10% is set for thaste

Agency, improved energy efficiency in various sectoosid
reduce the world's energy needs in 2050 by one, third help
control global emissions of greenhouse gases

developed regions. For example, in 2007 the average (@D
capita for Hainan, Tibet, Qinghai, Xinjiang are 144712049,
14196 and 16817 RMB at current price respectivelychmu

In China since the introduction of reform and Openim ulOWer than 21215 RMB of the national average levekreE is
policies in 1978, Chinia economic growth rate has average@n underlying issue whether the local places cémewe the
almost 10.01% per annum during 1980-2009. However, ti@®al, which seems largely depend on their individB&S.
rapid economic growth has been largely supported by tﬂ—é]erefore, its necessary to measure the PES for individual

energy consumption, with average growth rate o4% during
those thirty years. It grew even faster attainir28 at the fist
ten years of this century. The global shares of annenergy
consumption were only 6.3% for China and as high &6928or
the USA in 1978. By 2010,
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regions.

This remainder of the paper is organized as followstién 2
reviews previous studies on PES. Section 3 outlinesétaod
to be used to estimate the PES. Section 4 predentgettical
and horizontal PES. Section 5 reports determinantsegion
PES and the final Section conclude.

1 Data source: Sophie Hebden (2006-06-22). “Invest in dieeimology says
IEA report”.
Scidev.net.http://www.scidev.net/News/index.cfm?fuieacreadNews&ite
mid=2929&language=1. Retrieved 2010-07-16

2 Data source: BP Statistical Review of World EnengyeJ2011.

3 We call province for short in the following sections.

542



International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:6, No:8, 2012

T TABLE | . . METHOD
HE ENERGY 'NTENS'TYﬁﬁ’/’;ig;"g‘;é‘i‘i’_%ﬁ;‘ov'NCE IN'HE TWELFTH Recently, data envelopment analysis (DEA) has become
Provinces (Autonomous regions, Energy intensity decrease mor.e Commqnly adopted in th.e energy ef‘fICIeI’.le and
T ' environment literature ([9] for a review). It is alvestablished
municipalities ) goal (2011-2015) . . . . -
Tianjin, Shanghai, Jiangsu, Zhejiang 18% nonpargmetrlc frontier analy5|_s technlque_ on efficiency
Beijing, Hebei, Liaoning, Shandong 17% evaluation, developed by [10], which only requires the observe
Shanxi, Jilin, Heilongjiang 16% guantities of inputs and outputs. In traditional DEamework,
Inner Mongolia, Guangxi, Guizhou 15% DEA can derive the efficient decision making units (D8)U
Yunnan, Gansu, Ningxia from multiple inputs and outputs, and the non-effici®MU
Hainan, Tibet, Qinghai, Xinjiang 10% can move to the efficient one by linear programmingthé
DMU is not efficient, several efficient DMUs are desighased
II.LITERATURE ““areferenceet’” and the efficiency score of DMU is calculated

As noted above, extensive literatures have devotegplore based on the distance between the DMU and a production
the driving forces of economy-wide energy efficiearyl try to  process possibility frontier constructed by the refeeeset.
improve it. The widely used index decomposition ariglys T0 do further analysis, we assume that there aoeiytpes of
(IDA) technique is a good way of this practice, whicn inputs: energy and non-energy. When the outputfxee and
decompose the predefined effects. For example, it ci€inputs are to be minimized, it can be showed@slFPoint

differentiate efficiency and structure drivers of emgy A @nd B are the observed inputs and are not in theieft
consumption, energy efficiency and carbon intensiEhe surface. The efficiency of DMUA and DMUB are O®A and

Logarithmic Mean Divisia Index method (LMDI) proposed byOB'/ OB and they are expected to move to pointsi#d B by

. R .. “radial adjustment. Moreover, they continue to mofkeirt
Ang (2004) is a perfect decomposition in energy emc'en%osition and are stopped at point C by slack adjesstnwhich
accounting framework using the IDA approach [1]. lislely

- - happen under the assumption that production surfacet
used to decompose energy consumption, energy effigier

e d 27 smooth and segmented. More specially, the primamtpad
carbon emission at the national level or sectofiegions. and B run as the existence of non-efficiency loshjchy

detailed comparison about the existing IDA-based energy:orporate two parts. One part is about excessive inputs of
efficiency accounting systems can be found in the resenly  factors because of the technology inefficiency, teyAA and
from [2]. BB'. The other part stems from the inappropriate allocation of
The literature on PES is thin, primarily on specifictsec factors, which leads to the slack quantities thexse AC and
Some researchers presented PES for residentiar §8tt[4]. B'C. Therefore, AC (AA+A'C) and BC (BB+B'C) are the
[5] estimated the electric energy saving potentiadldystitution possible quantities of energy saving. PES is medsbne
of domestic refrigerators. For China, [6] calculated theomparing them with their initial values. The largethe gap,
energy-saving potential of the regions in China by carmg the larger is the PES. When the value is zerefli¢cts the best
their energy efficiency with the highest one, and shandl the usages of energy.
PES are 38% for the eastern, 29% for the central&asl for
the western of China. The method applied is easys®, A
however, the diversities of industrial structure aedource
endowments are not fully considered when give tearaption
that the energy efficiency of each region can corestrglt
S . . Energy/
seems unrealistic that in the future all the regienuld have the Output . B
same energy efficiency with no consideration of tdpand
labor inputs which equally contribute to GDP. [7] idéetl the C
effects of investment ratio, energy price and tetdgioal B
progress on energy demand by building an energy-eapno
model, and based on some possible economic growtlaigosn D
they forecasted China's energy demand and saving fatent
during 2006-2010. Their results of PES are based on the Non—cgcrg_v input/
] B utput
forecf’;lsts_ of energy (?ﬁICIency |mprovement. [8.] anatyhe Fig. 1 The radial and slack adjustrr:ﬁents of DEA under emiseturns
contribution of technical progress and industrial strectiar to scale
energy saving from 1995 to 2007 by Laspeyres index
decomposition model, and the energy-saving potenfidhe IV. THEVERTICAL AND HORIZONTAL PES
Yangtze River Delta were compared. Actually, theiaim A. Data
contribution is that they detected the driving &s®f energy Due to lack of availability of longer time seri€emergy data
efficiency. The present paper extends and reinforites for provinces, the time period for the study is ited to
previous literature. 1995-2007 only. Xizang and Hainan are excluded berai
their incomplete data and Chongqing is added to Si Chuan, and
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the panel sampling is 28jiving us a panel database with a total This may be influenced by the Asian finance crisisl an
of 364 observations. The data retrieved for the study dmme accompanying the industrial restructuring
(1) China Statistical Yearbook as published by China’s National
Bureau of Statistics [11], (2) various years of GhiEnergy 25.00%
Yearbodk as published by China’s National Bureau of Statistics
[12]. Our panel data study is based on three inputgitéta
stock, labor and aggregated energy) and one outpuP@D | 500, | o e
various provinces. W

The fundamental issue is how to accurately measipitata 10.00% —
(K) which is the most controversial. Theoreticalbgpital is
composed of direct and indirect stocks that can foren tt 500% -

production capability. Both fixed and current assets a ol =" . ., = e

—o—K —m—L
E GDP
20.00%

involved, together with all kinds of services and \agdf 1096 1997 1998 1099 2000 2001 2002 2003 2004 2005 2006 2007
facilities. However, these data are not ready. Wédtigalculate  -5.00%
the capital stock by the perpetual inventory methdere Fig. 2 The trend of growth rate of input and outjpulicators

K=K1(1-3)+1;[13]. Here, K is capital stock for year t-1, is ) )
the additional capital investment for year t andehee assign B Vertical PESof regions , ,
Total Investment in Fixed Assets to represerit it. the capital W& concern ourselves first on vertical PES. It iddtect that
depreciation rate. The total capital stock comesnfif14] at " Wh'ch year each province can use energy.moree.ritlly by
constant prices of 1952 and we make an update wéthapital COMParing its own history performances, which cafirished
stock series mentioned above. With respect to laipmrt (L), by radical adjustment in DEA. The computaﬂonal pE3C#as
theoretically, it should reflect both the quantitydahe quality "N PY DEAP2.1. As can be observed in Table 2, coetbty
of labors. Nonetheless, the quality of labors igllta measure the h|story series, PES in ,2007 is the smallest for all the 28
and there are no published data at the provineiall Wwe Provinces. It can be explained by the perspectivernergy
denote the average value of number of employed perabnseff'c'ency' The statistical data show that the eneffjgiency in
year-beginning and year-end from CNBSa &sThe primary 2007 is the highest one in the period studied for all the presin
energy (E) is aggregated by coal, oil, natural gasedectricity ,(CNBSb,)' Arrpng thgm, the largest decline of energgr!etty
by converting them into the same unit (ten thousstaddard S S€€N in Beijing, with 6.04% drop compare_d to that in 2006.
coals). Total output (Y) is represented by region G&P Even the smallest decrease rate of energy inteoaityget to
constant prices of 1952. 2.2% for Qinghai in 2007. These performances arecéstgd
We present a summary description of the four irtdisafor with the important steps in promulggtign an implementaﬁcg
the whole countrylt’s easy to find that the trend of capital is E'€venth Energy Plan at the beginning of 2007 by National
similar with that of GDP, which experienced mairtiyo pevglopment and Refor.m Comm|53|on, and printing and
segments, 1995-2001 with a slight drop in growth rate afgPuing the comprehensive working programme of energy
2002-2007 with a stable rise. For the whole period, the growtiV'"9 and carbon reduction by the State of Councﬂ.@aﬁaed
rate of capital shows larger than that of GDP, Whicpollues_ put forward _clear goals and as_certalned the
demonstrates that the economy of China is partyedrby the resp9n5|b|l|t|es of cutting energy consumption foacle
capital contribution. With reference to energy, ancbe seen Province. . _ _
that the growth rate of energy series cannot beltstationary Mor.e specifically, taking Beijing as sample, 'tﬁ PES
in particular. Since 1998, it keeps a powerful risaching the experiences a stable downward trend, which revkat®Beijing

peak with 21.94% in 2004 and onwards it shows a vigoro&" Use energy more efficiently as time goes on. 8\thi PES
decline. This can be explained by the excessive fmasst of ©Of MOst of the provinces are unstable, which méay fail to
energy intensive industries, such as steel, megaial; use the energy efficiently at the present technology
chemical power, and building matgrials indgstries since 2002.0 Horizontal PES of regions
T_he growth _rate of labor qug:tuate; in _the perl_od 1995-2000 Focusing further on horizontal PES by slack adjustnient
since 2003 it shows small rise which is to satisfy the demﬁndBEA, it is hypothesized that the technology of pnges can
fast economy development (average 11.66% growth rate (%nvergent. Taking the new data of 2007 as samplingthend
GDP in 2003-2007). It should be noticed Fhat in years E9@B results of horizontal PES are showed in Table 3. Ash=en
1999, the growth rates of labor are negative. seen, in 2007 Tianjin, Liaoning, Shanghai and Yunnan are
energy efficient compared to other regions. Then cowi¢h

4 Chongqing was approved by the State Council on 181 Ag97 and Fujian, Zhejiang and Jiangsu provinces, the horizdrES is

formerly it was a sub-provincial city within SichuanoRince. With a viewto  gmaller than 30%. The largest PES is from Qinghah wi

the consistent statistic standard, in the present pap@ngging is combined 0 . . . .
with Sichuan. 128.36%, followed by Ningxia and Guizhou with 91.98%d

5 Before 2002, there is no term named Total InvestmeRixed Assets in 76.6%.
CSY and it is constituted by Capital Construction and Nencreased
Investment two items.
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TABLE Il
THE VERTICAL PESOF PROVINCES
Provinces 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 05 20 2006 2007
Beijing 05071 0.4831 0.4586 0.4177 0.3699 0.3382 0.27802288 0.1814 0.1444 01094 0.0604 0
Tianjin 0.1486 0 0.0059 0.0426 0.0475 0.0445 0.0384 0.0336.0316  0.0049 0 0 0
Hebei 0 0 0 0 0.0036 0.0025 0 0 0 0.0128 0.0137 0 0
Shanxi 0.3233 0.0772 0 0 0.0030 0 0.0334 0.0361 0.0303 0 0010 0
Inner Mongolia 0 0 0.0999 0 0.0918 0 0 0 0 0 0.0227 0 0
Liaoning 0.3959 0.3485 02707 0.1783 0.1371 0.1806 0.0978 0 0 0 0.0198 0 0
Jilin 0.3255 0.2452 0.2058 O 0 0 0 0 0 0 0 0 0
Heilongjiang 0.1080 0.0044 O 0.0257 00384 0.0394 0.03860295 0.0192 0.0043 0 0 0
Shanghai 0 0.0735 0.0990 0.1177 0.1173 0.1016 0.0883 0.0760546 0.0257 0.0556 0.0201 0O
Jiangsu 0 0.0116 0 0 0.0001 0.0034 0 0 0 0 0.0754 0.0430 0
Zhejiang 0 0.0017 0 0 0 0 0 0 0.0015 0.0516 0.0505 0.0351 O
Anhui 0.1854 0.1345 0 0.0057 0.0075 0.0143 0.0095 0 0 0 0.0040 0
Fujian 0 0.0207 0 0 0.0036 0 0 0 0 0.1548 0.1212 0 0
Jiangxi 0 0 0 0 0 0 0 0 0.0101 0.0901 0.0712 0 0
Shandong 0 0 0 0 0 0 0.0037 0 0 0 0.0395 0 0
Henan 0 0 0 0.0127 0.0153 0.0167 0.0099 0 0 0 0.0107 0 0
Hubei 0 0 0 0.0037 0.0098 0 0.0088 0.0145 0.0250 0.0176 O 0
Hunan 0 0.0638 0 0 0 0 0.0045 0.0009 0 0.0233 0.0449 0.0390 0
Guangdong 0 0.0104 0 0 0.0022 0.0011 0 0.0003 0.0015 0.00219®. 0.0239 0
Guangxi 0 0.0027 0 0 0 0 0.0185 0 0 0.0046 0.0352 0 0
Sichuan 0.3564 0 0 0.0276  0.0293 0.0349 0 0.0145 0.0397 (B0680.0587 0.0324 0
Guizhou 0 0 0 0 0 0.0088 0.0086 O 0.0623 0.0566 0.0427 0.0248 0
Yunnan 0 0 0.1142 00287 0.0250 O 0.0065 0.0052 0 0.0098  8.04® 0
Shaanxi 0.1811 01977 0 0.0035 0 0 0.0055 0 0.0045 0.0001 4500 O 0
Gansu 0.0818 0 0 0 0 0.0026 0 0 0.0312 0.0372 0.0410 0 0
Qinghai 0 0.0034 00221 0 0.1406  0.0200 0.0026 0 0 0.0245 1BO5 0.0250 0
Ningxia 0.1654 0.0660 O 0 0 0 0 0 0.3634 0.1675 0.1048 O 0
Xinjiang 0 0.0837 0 0.0045 0 0 0 0 0 0.0392 0.0480 0.0322 0
TABLE Il
THE HORIZONTAL PESOF PROVINCES
Provinces (Etgﬁrtiyoﬁsp;r:d aRde}Sglment gd?ﬁ:tme " PES Provinces (Egﬁr%)ghnsglg(sda}ﬂzlmem ?d?sls(tme " PES
ton) ton)

Beijing 6285.04 -2144.29 0 0.3412 Henan  17841.00 -10258.74 0 0.5750

Tianjin 4944.49 0 0 0 Hubei 11860.59  -5011.40 0 0.4225

Hebei 23489.86 -10881.94 0 0.4633 Hunan  10796.51 -5199.23 0 0.4816

Shanxi 14619.76 -9470.59 298.35  0.6682 Guangdong21912.11  -9008.19 0 0.4111

mﬁ;o“a 12723.24 7966.79 -191.79  0.6412 Guangxi 6136.67  -2252.96 0 0.3671

Liaoning  17379.47 0 0 0 Schuan  18902.02  -8199.13 0 0.4338

Jilin 7346.11 -3308.50 0 0.4504 Guizhou  7691.96  -5891.94 0 0.7660

Heilongjiang 9374.49 -4326.41 0 0.4615 Yunnan 717326 0 0 0

Shanghai  9767.75 0 0 0 Shaanxi  6639.48  -3333.96 0 0.5021
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Jiangsu 20604.43 -5718.43 0 0.2775
Zhgjiang 14532.91 -3182.32 0 0.2190
Anhui 7752.06 -3238.48 0 0.4178
Fujian 7574.16 -527.78 0 0.0697
Jiangxi 5053.76 -2974.61 0 0.5886
Shandong 28554.40 -10695.58 0 0.3746

Gansu 5100.00  -2688.91 0 0.5272
Qinghai  2094.89  -2688.91 0 1.2836
Ningkia ~ 3047.00  -2688.91 11372 0.9198
Xinjiang 657573  -4407.07 0 0.6702
Henan 6575.72  -4407.0674 0 0.6702

Furthermore, we classify the provinces into six regions
according to their geographical position. The inputs and output
in 2007 aretreated as observations and the horizontal PES at the
region level is estimated. As shown in Table 4, the largest PES
witnesses 43.94% in the northwestern area, coming with the
southwest and the central-south.

Looking forward, the central-south has the largest radical
adjustment which suggests that there is much room to process
the energy utilization technology. At the same time, there are
slack adjustments for southwester and central south areas. It
addresses the issue that to improve the alocation efficiency in
these two areas is necessary.

TABLE IV
ANALYSISON HORIZONTAL PESBY REGIONS

Region Energy input (ten thousand ton) Radia adjustment Slack adjustment PES
North China 62062.39 -3396.89 -6962.92 0.1669
Northeast 34100.07 0 0 0

East China 93839.48 0 0 0
Central South 68546.88 -18644.42 0 0.2720
Southwest 33767.24 -9054.57 -3654.68 0.3764
Northwest 23457.10 -10307.11 0.00 0.4394

V. THE DETERMINANTS ON PES
Asillustrated above, there islarge PES both at the provincial
and region level. The question arises as to how to explore the
potentials and reduce energy consumption. Therefore, an
insight into identifying the factors that may influence PES is
necessary.

To get the value of dependent variable, we estimate the
horizontal PES for each year to capture the year-to-year change
(Section 4.3 is only for 2007). And based on the previous
literatures, we choose energy efficiency, living standard,
industry structure, energy resource endowment and opening
degree as independent variables. Table 5 provides descriptive
statistics of these variables for the data set.

TABLEV
THE STATISTIC DESCRIPTION OF DEPENDENT VARIABLES
Variables Definition Observat Average  Standard  maximu minimum
ions errors m
Energy Efficiency (EE) GDP/Energy consumption (ten 364 0.1958 0.1063 0.5586 0.0379
thousand/ton standard coal)
living standards (AGDP  Average GDP (ten thousend/capita 364 0.3160 0.3729 0.2937 0.0390
) 1952 RMB)
Industry Structure (STR  Theadded value of thetertiary industry/ 364 0.8200 0.2400 2.6900 0.4900
) the second industry
Energy Resources Energy production (ten thousand ton 364 0.5539 0.7149 0.5463 0.0194
Endowments (ENP ) stardard coal)
Openness degree (OP ) Investment from foreign enterprises’ 364 0.5300 0.5100 2.7400 0.0200

GDP

Note: the quantity of energy production is obtained by multiplying the fuel by their coefficient of converting to coal. Investments from foreign

enterprises are converted into RMB by exchangerateatthatveryyear.

PES, = a, + BEE + B,AGDR  + £,STR  + S,ENR, + S,OR + 14, (1) Where, PES, isthe PESfor theiy, provinceinthetyear. a, is

the intercept variable and g, ~ f; are the parameters to be
estimated. x , represents random disturbance term.
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With a view to the region divergence of driving fasde the
PES, we do the regression analysis both at thenzdtievel and
by grouped the eastern, central and western rediospanel
context, we fist judge the model types (fixed effecrandom
effect) by the Hausman test. The values of Chi-8tissic show
that the models for the nation and the central fitehe fixed
effect, while that for the eastern and western regjiare
appropriate to random effect. The regression resales
reported in Table 6. From the table, we can find the foutaiso

factors. On the other end, because they are shenengy, how
to use it more efficiently is paid more attention to
With the exception of the central area, the nation ard th

other regions present negative relations betweemstng
structure and PES. Generally, the tertiary industrgss kenergy
consuming compared to the industry and it can neegy more
efficiently. The eastern area has the highest shaterthéry
industry, and the degree of influence of industrycttrce is not
as large as expected. It is clear that different drivorgds on

have strong explanation power which means the choasing PES can be found across the studies.

driving forces is reasonable. When the t-valueganiables are
not significant at the at the 10% level, we rejeenthand do
regression again. Fortunately, this step only sefieithe model
for the eastern area.

From the results, it is observed that no matteatigregated
or by region, the higher is the energy efficiency, sheller is
the PES. It reflects when the region can efficientig energy,
the PES is obviously small. With respect to averagd’Gthe
larger is it for the eastern and the western ardws|arger is

The regions with fluent energy have larger PES, asghgal
and the east, which suggests that the waste of eiethese
areas do exist. In the west the results turn odiegtdhe very
reverse of the others. The reasoning is involvedtti@testern
is relatively short of energy and can use them reffieiently as
noted above. Besides, the western has improved ¢heirgy
efficiency with the help of technology spilling frotime east and
the foreign investment.

We observe that when one place has high openingeldtge

their PES, while in the central the relation is the opposite. THRES is small. This rule is true for the central #relwestern of

reasons are firstly, the economies in the easterrengdestern
areas are partly driven by energy consuming. Wiiike central
is comparatively lack of energy and constrained thg
resources and the capital, labor have been therniapot

China. However, the eastern runs the opposite. ©@ssilmility
is that the eastern is the first to put forward angdlément the
reform and opening-up, and these policies have bdatively
mature and the effects on PES are not so prominent.

TABLE V |
THE REGRESSION ANALYSIS OF THE DETERMINANTS ORES
Variables Country East Central West
EE -0.5611 -0.7367 -0.7398 -1.4999
(-2.6805)** (-5.9727 )%= (-4.8008)*** (-1.8623)*
AGDP -0.1578 0.7322 -0.1256 1.1883
(-3.3724 )% (3.4913)** (-2.2328)** (4.0670)**
STR -0.0878 -0.000076 -0.2735
(-1.7788)* (-7.9599)** (-1.7038)*
ENP 0.1227 0.5233 0.4664 -0.2065
(8.7438)*** (1.6869)* (8.7515)*** (-3.3777)*
oP -0.0749 -0.0659 -0.2102
(-2.5206)** (-1.6921)* (-1.6752)*
Constants 1.5434 0.3195 0.5771 0.8452
R? 0.8419 0.4627 0.8581 0.6511
Observation 364 130 104 130
Chi-Sq Statistic 7.5293 0.6264 79.9504 3.683

Note: Figures in parentheses are t-statistics * Sigmifiat the 5%-level. ** Significant at the 1%-level

VI. CONCLUSION
Energy saving and carbon reduction have been thes fot
the government and the society in China. We conmarselves

When dividing the country into six regions, the norgieand
east China appear to be highly plausible in energy Tigring
to the determinants of PES, it is found that therage GDP,

at the provincial lever in time series 1995-2007, and apply theéhe tertiary industry/ the second industry and opexiegree

radiation and slack adjustment of DEA to exploreRES both
on vertical and horizontal levels.

have negative effect on PES, while the energy enumw take
the positive effect. China has given high prioriysave energy

The results demonstrate that compared to the hiatoric @nd protect environment. Butdbesn’t mean the PES can be

performance, the use of energy shows the most effigiéemt

filled up in short time. There are many ways toesamergy-

2007 during the times studied. With regard to horizontal level,St29€ by stage and province by province. Each proviaséd

in 2007 Tianjin, Liaoning, Shanghai and Yunnan perforest b
in energy use. The radial adjustment suggests ther@igd m

room to improve energy-saving technology in Hebei,

Shandong and Henan, while Shanxi, Inner Mongoliathe
inappropriate allocation on energy.

compare with its history performance and should do besein th

resent year, which is possible for them achieve with
available technology. In terms of regions, the cdrdnd the
western can save energy by increasing the sharertidry,
expanding openness and introducing new technology.
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In addition, al the provinces should avoid wasting energy,

whichisadirect and long measure to save energy.

ACKNOWLEDGEMENTS

The author is grateful to the financial support provided by

the China Postdoctoral Funding No. 20100471329, Education
Ministry Doctor Program No. 20113218120032 and No.
12Y JC630004, Jiangsu Postdoctoral Funding (1002044C) and

NUAA Research Funding No.

NJ2011011 and No.

NR2012002.

REFERENCES

Ang, B.W., 2004. “Decomposition analysisfor policymaking in energy:
which is the preferred method?” Energy Policy, 32, pp. 1131-1139.
Ang, B.W., Mu, A.R., Zhou, P., 2010. “Accounting frameworks for
tracking energy efficiency trends,” Energy Economics, 32(5), pp.
1209-1219.

Murat, K., Kamola, K., 2007. “Energy saving potential in the
residential sector of Uzbekistan,” Energy, 32, pp. 1319-1325.
Ouyang, Jinlong., Hokao, K., 2009. “Energy-saving potential by
improving occupants’ behavior in urban residential sector in Hangzhou
City, China,” Energy and Buildings, 41(7), pp. 711-720.
Arroyo-Cabafias, F.G., Aguillén-Martinez, J.E., Ambriz-Garcia, J.J.,
Canizal, G. 2009. “Electric energy saving potential by substitution of
domestic refrigerators in Mexico,” Energy Policy, 37(11), pp.
4737-4742.

[6]
[7

(8]

[9

[10]

[11]

112

[13]

[14]

Shi, D., 2006. “Regional differences in China’s energy efficiency and
consavation potentials,” China Industrial Economy, 10, pp. 49-58.
Wel, Y.M., Liao, H., Fan, Y. 2007. “China s energy demand and
consevation potential forecastduring the 11th Five- Y ear Plan period,”
Bulletin of Chinese Academy of Sciences, 22(1), pp. 20-25.

Wang Di et a., 2011. “Analysis of regional differences in energy
consumption and energy saving potential for Yangtze River Delta,”
Energy Procedia, 5, pp. 690-694.

Zhou, P., Ang, B.W., Poh, K.L., 2008. “A survey of data envelopment
analysis in energy and environmental studies,” European Journal of
Operational Research, 189, pp. 1-18.

Charnes, A., Cooper, W.W., Rhodes, E., 1978. “Measuing the
efficiency of decision making units,” European Journal of Operational
Research, 2, pp. 429-444.

CNBSa (China’s National Bureau of Statistics), 1999, 2000, 2001,
2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010. “China
Satistic Yearbook 1998-2009,” China Statistical Press,Beijing.
CNBSb (China’s National Bureau of Statistics), 2000, 2003, 2005,
2006, 2007, 2008, 2009. “China Energy Statistic Yearbook 1997-1999,
2000-2002, 2004, 2005, 2006, 2007, 2008,” China Statistical Press,
Beijing.

Goldsmith, R., 1951. “A perpetual inventory of national wealth,” NBER
studiesin income and wealth, 14, pp. 1143.

Shai, H.J, 2008. “Reestimating the Capita Stock of China
1952-2006,” The Journal of Quantitative & Technical Economics 10,
pp. 17-31.

548



