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ABSTRACT KEYWORDS
Decomposition analysis has been popular in the study on influencing CO, emissions;
factorsof industrial carbon emissions(ICE). Thispaper analyzesthe change LMDI;
of sectoral CO, emissions from the three main industriesin Chinaover the Structural effect;
period 1980-2009 based on the logarithmic mean divisiaindex (LMDI) Efficiency effect.

method. The research shows that economic activity effect is the main
influencefactor for | CE increasein Chinaover the entire period, Thedecline
in energy intensity and the adjustment of energy and change in the CO,
emission coefficient are major determinantsfor reduction of ICE, with the
former alone accounting for 85% of the reduction. However, the change of
industrial structure exhibit positive effect to the CO, increase. Theresults
indicate that China has made a significant contribution to reducing global
CO, emissions by decreasing its energy intensity. Moreover, according to
the situation of China, this paper analyzed the mechanism of CO, emission
changes and puts forward the pressure-driven environment protection

modd. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Theincreasngthreet of globa warmingand climate
change hasbeen themgor, world-wide, on-going con-
cerninthelast two decades. Amongst severa environ-
menta pollutants causing climate change, carbon diox-
ide (CO,) isheld responsiblefor 58.8% of the GHG in
areport of theWorld Bank (20074). Chinaistheworld’s
second-largest source of CO, emissions behind the
United States, it isnecessary for China’s energy and
environmenta policy makersto know fully changesand
thedriving forcesgoverning CO, emissionlevelsand
thar evolution.

The purpose of thisstudy isto decomposethefac-
torsthat giveriseto CO, emissions. Chineseeconomy
isdividedinto three aggregated sectors, namely agri-
culture, industry and services, and energy sourcesused
by these sectorsare aggregated into four groups: solid
fuels, petroleum, natural gasand el ectricity. Fromre-
lated studieswe can deducethat the output effect isthe
most important factor that affects CO, emission reduc-
tions. Thispaper will continueto provide adeeper un-
derstanding of thedriving forcesbehind theevolution
of energy-related CO, emissions between 1980 and
2009. A newly proposed factor decomposition method
isusedto quantify therel ative contributions of selected
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driving forces to the variations in CO, emissions,
thereby providing therelevant authoritieswith more
advanced and concretereferencemateria inregardto
policiestoreduce CO,emissions.

LITERATURE REVIEW

With the advantages of sound theoretical founda-
tion, high degree of adaptability, ease of use, and ease
of understanding and resullt presentation(®, theapplica
tion of decomposition anadysishasincreased sincethe
late 1970s, and has been especidly widdy applied for
investigating mechanismsinfluencing energy consump-
tion and itsenvironmental side effects. Sun@ used a
complete decomposition modd to analysisenergy con-
sumption and CO, emissions of the OECD from 1960
t0 1995. Subhes® analyzed the changesin industrial
energy intensitiesand CO, intensitiesfrom use of en-
ergy in Thailand during 1981-2000, and thenidentified
thefactorsaffectingthetwointensitiesusingthe LM DI
technique. Lee and Oh“l decomposed the changes of
CO, emissionsinAPEC countriesbased onthe LMDI
approach, and found that thegrowthin per capitaGDP
and popul ation are the two dominant contributorsto
theincreasein CO,emissions. Wietze™ analyzed the
changes of CO, emissions by undertaking acomplete
decomposition analysis for Turkey over the period
1980-2003, and concluded that the biggest contribu-
tor totherisein CO, emissionsistheexpansion of the
economy. Diakoulaki and Mandarakad® explained the
changesinindustrial CO, emissionsin 14EU countries
for the period 1990-2003 based on the refined
Laspeyresmode . Using the LM DI approach, Subhes”
analysed thereduction in greenhouse gasemissionsin
15 countriesof the European Union between 1990 and
2007 to find out the contribution of different countries.

Recently someeffort has been paid to thefactors
for energy-saving and environment quality in China.
Wang et al .'® analyzed the change of aggregated CO,
emissionsin Chinabased on the LM DI method and
concluded that the total theoretical decrease of CO,
emissionswas 2466 Mt during 1957-2000. Wu et al.@
investigated theevol ution of energy-related CO, emis-
sonsfrom 1985-1999in Chinaand underlyingdriving
forcesbased ontime-seriesdecomposition of the LM DI
approach. Wu et al [ used the LM DI method to study

CO, emissonsfrom 1980to 2002, and concluded that
economic scale, fuel mix and energy intensity onthe
energy-demand sdemainly drovethechangesin China’s
CO, emissions, and thestructureand efficiency changes
on theenergy-supply sideplayed only aminor rolebe-
fore 1996. More, over the period 1996-2000, the ac-
celeration of efficiency improvement in end-useand
transformation sectors accounts for the decline in
China’s CO, emissionsthat wererelated to thetotal
primary energy supply. Liu et d. analyzed thechange
of industrial carbon emissionsfrom 36industria sec-
tors based on the LM DI approach, and concluded that
theindugtrid activity and energy intensty weretheover-
whelming contributorsto the change of China’sindus-
trid sectors’ carbon emissionsintheperiod 1998-2005.
Fan et al.*? employed the input-output approach to
computeenergy requirement and CO, emissionsunder
each scenarioin China, and showed that China’sen-
ergy needsand related CO, emissionswill grow expo-
nentially even with many energy efficiency improve-
ments. Guan et al.!*® assessed the driving forces of
China’s CO, emissionsfrom 1980 to 2030 by combin-
ing structural decomposition and input-output analys's,
and concluded that production-related CO, emissions
will increasethreetimesby 2030. Househol d consump-
tion, cgpita investment and growthinexportswill largdy
drivetheincreasein CO, emissions relyingonefficiency
improvementsalonewill not stabilize China’sfuture
emissions. Zhang et a.™ used the compl ete decom-
position method to analyzethe nature of thefactorsthat
influencethe changesin energy-related CO, emissions
and CO, emission intensity during the period 1991-
2006, and find that energy intensity effect isconfirmed
asthedominant contributor to thedeclinein CO, emis-
sionsand CO, emissionintensity. Zhang et al.* used
the complete decomposition techniqueto identify the
factorsinfluencing the sectoral changesin CO, emis-
sionsin Chinafor the period 1991-2006, and concluded
that economic activity hasthelargest positiveeffectin
CO, emission changesin al major economic sectors
and Chinahas achieved aconsiderabledecreasein CO,
emissonsmainly duetotheimproved energy intensity.He
et a." identified the main features of CO, emissions
fromfossil energy combustionin China. Li et al.™ ap-
praised |ow carbon energy potential in Chinaandiden-
tified low carbon energy devel opment Strategies.
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However, with respect to thetotal CO, emissions
in China, those studies do not take the importance of
sectoral dimensioninto account. This paper attempts
toidentify thefactorsinfluencing the change of indus-
trid CO, emissionsfromthethreemainindustriesbased
onthe LMDI method, determinesthe contribution of
thefactorswhichinfluence energy-related CO,, and
then andysisthemechanismof CO,emissonsin China
To better investigate changing trendsof thefactor’ rela-
tive contributionwithtime, thetime period of Satisticad
datafrom 1980 to 2009 used in thispaper isdivided
into three equal timeinterval s (sub-periods), namely
1980-1992, 1992-2000, and 2000-2009. The varia-
tions are attributed to the factors of overall
activity(activity effect), activity mix(structure effect),
sectoral energy intensity(intensity effect), sectoral en-
ergy mix(energy-mix effect) and CO, emission
factor(emission-factor effect).

METHODS

Thefollowing method isgiven by IPCC*# total
CO, emissionsintheith sector is estimated based en-
ergy consumption, carbon emissionfactorsandthefrac-
tion of oxidized carbon by fud asfollows.

Clt:ZCG:ZEiExEij(l—CS;)XOjXM )
j j

Wherec| isthetota CO, emissionsof theithsectorin

year t,C; isthetotal CO, emissionsof theith sector

’ ij

based on fuel typej inyeart, E; isthetotal energy con-

sumption of theith sector based on fuel typej inyeart,
EF, isthe carbon emissionsfactor of thejth fuel (tC/

TJ), CS} isthefraction of thejthfue isnot oxidized as

raw materialsinyeart, Oj isthefraction of carbon oxi-
dized based on fuel typej, M isthemolecular weight
ratio of carbon dioxideto carbon(44/12). Inthisstudy,
theemission factors EF are assumedtobe25.8,21.1
and 15.3tC/TJof energy used for cod, oil and natura
gas, respectively, and thefractions of carbon oxidized
o] aretaken as 0.90, 0.98 and 0.99 for coal, oil and
natural gas, respectively, based onthe |PCC.
Angand Liu™*¥, and Ang?® argued that the loga-
rithmic mean Divisiaindex (LM DI) method should be
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preferred to other decomposition methods with the
advantages of path independency, ability tohandlezero
valuesand cong stency in aggregation. Therefore, we
have adopted thismethod to analysis CO, emissions.

Changesin CO, emissions of the economy canbe
decomposedinto changesin overdl economic activity,
activity mix, sectoral energy intensity, sectoral energy
mix and CO, emission factor.

RESULTS

According to theeconomic development of China,
Thecdculaed resultsaretentatively presented over three
periods, from 1980 to 1992, from 1993 to 2000 and
from 2001 to 2009.

In thissection, we apply the proposed modelsto
explorethe contributions of thevarious effectsto the
changesin China’senergy consumption. Tablel shows
the decompositionresults. It indicatesthat during 1980-
2009, Chinaexperienced spectacular economic growth,
the increase of CO, emissions caused by economic
activitieswas 9908.19 Mtons, accountsfor +194.52%
of CO, emissionchangesover theentireperiod of 1980-
20009.

Thecentra government’sdevel opment policy and
investment prioritieswerebiased towardsrapid indus-
trialization before 2000, whichincreased not only the
energy consumption of the whole economy, but also
CO, emissions, during the sub-period of 1980-1992
and 1992-2000, the structura shifts increased CO,
emissions 118.33 and 116.48 Mtons, accounts for
15.37% and 14.35% of CO, emission changes, re-
Spectively.

Theenergy intensity effect playsanimportant role
inmitigation of CO, emissions. Our resultsalso show
that technological change playsthedominant roleinde-
creasing CO, emissions, whichisconsistent with the
conclusionsof previousempiricd sudies. Theimprove-
ment of energy efficiency decreased CO, emissonsby
4351.85 Mtons, accounts for 85.43% of CO, emis-
sion decrease over the entire of 1980-2009. Due to
improvementsin energy efficiency, theaccumulative
theoretical decrease of CO, emissionsduring the sub-
period of 1980-1992,1992-2000and 2000-2009
amounted to 1043.85 Mtons, 1063.17 Mtons and
1195.02 Mtons, respectively, and the theoretical de-

Hn Tudian Jounual



BTAIJ, 8(8) 2013

Xiaoli Liu and Jinrong Zhu

1151

crease rate was 26.36%, 23.09% and 10.36%, re-
spectively. Thiscan be attributed to the encourage of
efficient energy policiestowardssustainability.

Asaresult of energy mix adjustment inindustry
and mostly contributed by clean electricity, the con-
sumption shareof eectricity increased whileinthesame
timeframethed ectricity wasmainly generated from cod-
burning therma power, which hasahigher carbonemis-
sion coefficient val uethan any other typeof fossl fuel.
Sothedecrease of carbon emissionsresulting from en-
ergy mix and the CO, emission coefficient is 397.49
Mtons and 268.55 Mtons during 1980-2009, respec-
tively.

————, FyurL PAPER
DISCUSSION

Based onthe aboveresearchresults, Wewill degply
andys sthemechanism of environment accordingtothe
situation of China. Environment quality’sscaeindexes
arethe decrease amount of CO,, SO,, solid offal and
etc. Inthemidindustrializationin China, many corpo-
rationsareindifferent to theideaof environment pro-
tection. Thedriver of environment protection comes
from stressof the central and district governments, in-
cluding compulsory policy andincentive policy. The
compulsory policy providesimpetusby administration
and Law meansto regul atethe contamination sandard.

TABLE 1: Decomposition of thechangesin CO, emissionsin China (Milliontons)

Decomposition of changesin CO, emissions Theoretical  Rate of theoretical
Index Real change . o
ACrs ACin ACq, ACix AC.q decreaseAC decrease (%)

1980-1992 -136.05 -91494 11833 -111.19 1814.08 770.22. -1043.85 26.36
-17.66  -118.79 15.37 -14.44  235.53 100 -135.53%
65.09 -1149.82 11648 -9491 1874.74 811.57 -1063.17

1992-2000 23.09
8.02 -141.68 14.35 -11.69 231.01 100 -131.01%
165.96 -1054.56 -155.43 -150.99 4605.37 3410.34 -1195.02

2000-2009 10.36
4.86 -30.92 -4.56 -4.43 135.04 100 -35.04%
-268.55 -4351.85 20345 -397.49 9908.19 5093.74 -4814.45

1980-2009 29.77
-5.27 -85.43 3.99 -7.80 194.52 100 -94.51%

Theincentive policy encourages environment protec-
tion by economic meanssuch ascollecting environment
tax and contamination emission fee. Inaddition, publi-
cizing environment-protecting knowledge promotes
socid willingnessfor environment protection aswell.
The centra government establishes environment
protection policy based on the environment improve-
ment. Meanwhile, theindustry and energy structure
reachesoptimization by itsinterna industry domino ef-
fect, region domino effect and energy domino effect,
and findly improvesenvironment quality andformsa
benign closed loop system (seeFigure 1).
Sincetheemissionsmainly result from consumption
of fossi| fud's, reducing energy consumption seemsto be
thedirect way of handling the problem. However, dueto
itsnegativeimpactson economic deve opment, reducing
energy consumption may not beviablefor China. Inthe
future, the Chinese government should actively absorb
successful international experiencesand draw out fea
sibleand operabl e policiesand measuresto encourage
energy conservation and environment protection.

————————————————————————————————————————————————

Compulsory policies

management level exaltation

i

Region domino offect:

Energy domino offect

1
| energy structurerationalization l¢ 1

energy price marketing

science and technology level advance

Figurel: Themechanism of pressure-driven environment
protection model in China

Firstly, themode of economic devel opment can af-
fect environment qudity. The second sector appearsto
havethehighest share of responsibility onthe continu-
ousriseof CO, emissions, the CO, emissionsmainly
comefromtheindustria sector and coa consumption,
inthe period of 1980-2009, theindustrial CO, emis-
sion accounts for about 66.31-85.93% of total CO,
emissions. If China’seconomic growth keepsrelying
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on theseresource and energy dependent industries, the
future of China’seconomic growth isdoomed. Hence
Chinashouldjump through the mesh of heavy industri-
dizationtoamoreefficiency-oriented andlessresource-
depleted development mode, so that moreenergy can
be saved and abetter environment can bereserved for
thenext generation.

Secondly, energy conservation isso far the most
important meanto reduce CO, emissions, the compo-
gtion of energy consumptionin Chinaisunbaancedin
comparison with other countries. China’sheavy reli-
anceon cod will makeit thelargest emitter of CO, in
theworld. Furthermore, China’s energy mix has not
changed significantly. Intheearly 1980s, cod accounts
for 71% of total energy consumption. It droppedtoits
lowest point of 66% in 2002, but by 2009, it had
climbed back to 70%2Y. Thissituation hasimposed a
high cost on the economy in terms of environmental
damage associated with excessive use of cod. Theen-
vironmental impact associated with energy use dtracted
wideconcern asaresult of thenew evidenceleadingto
aheating debate regarding global climate changes?/.
Because other optionslikefuel switching and renew-
ableresourceshavemuch lesspotentia intheshort and
medium term. Chinaisacountry short of clean energy
(suchasail, natura gasand hydro power and others),
and nearly half of domestic oil consumption depends
onimport currently. Therefore, oneeffectivelong-term
policy istodiversify energy supply with preferenceon
renewable energy (hydro, biomass, wind, geothermd,
solar, andtiddl). In 2005, Chinafirstly enacted the Re-
newable Energy Act to providethelegal basefor the
development of renewableenergy and formulateitsprin-
cipleof R&D, industridization, popularization & appli-
cation and economic incentivefor renewable energy
exploitation and utilization. In 2007, theMedium and
Long Term Development Plan for Renewabl e Energy
stipulated aconcrete goal that theratio of renewable
energy intotal energy consumption should benoless
than 10% in 2010 and 15%in 2020, while the renew-
able should account for nolessthan 30% of tota power
generation capacity in 2020. Additionally, thereispo-
tential for changesthrough additional production of
nuclear energy and alternate energy sourcesin China
and/or through policiestoimproveenergy efficiency in
the Chinese economy.

BioTechnology — ammm—

Thirdly, the central government should placetight
limitationsontheexport of high energy-intensive prod-
uctsand theinvestment in the energy-intensive prod-
ucts. Asamajor exporter of energy-intensive prod-
ucts, Chinaconsumed much energy whileemitted much
GHG such asCO,. Increasesintheratio of exportsto
domestic demand of secondary energy exert anincress-
ingimpact on CO, emissionsrelated to primary energy
input for exportd'?. However, given China’shigh use
of coa in eectricity production andinefficient produc-
tion systemsrel ative to those nations exporting goods
to China, thisassumption largdly overestimatestheac-
tual embodied CO, in China’simports.

Fourthly, Technological innovationsand improve-
ments are oneof the most effectiveways of reducing
CO, emissions. Astheleading emitter of CO,, China
will come under increasing pressure to assume more
respong bility for itsemissons. Some Chinesebusinesses
areaready willing to take actions. Increasesin energy
efficiency will asolead to changesin other emissions.
Government-supported R& D, technical assistance,
training, and information exchangecontinued to play an
important rolein China’senergy efficiency improvement
in 1990s. Introducing the CO, tax is an effective way
to decreaseemissions. Whenever feasible, energy con-
servation and reduction of output share of energy-in-
tensive sectors areimportant strategiesfor reducing
energy intensity.

Lastly, itisurgent to set up and compl ete an effec-
tive environment-protection management system, in-
creaseinvestment of environment-protection, and en-
act theenvironment-protectionlaws. In addition, pro-
moting regul ation measuresand enhancing supervison
of pollution emission can aso guaranteetheredization
of environment-protectiongoas. At thesametime, itis
important to emphasizethecritica roleplayed by loca
governmentsin environment-protection. The central
government hasforbidden somelow efficiency produc-
tion, including shutting downinefficient generatorsinthe
electricity sector and terminating inefficient mining op-
erations. Inthefuture, the Chinese government must
implement moreeconomicincentive policiesto enhance
energy efficiency.

Chinaplanstorehabilitate old plantswith largeand
relatively efficient units. Theseinitiativescould be ex-
pected to play arolein continued reductionsin China’s
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carbonintengity, thusreducing fuel consumption and
improving theenvironment. With thegrowth of average
labor productivity, which hasadominant positive effect
on CO, emissions, is expected to recover inthe near
futuredueto reformsin theindustrial sectort®,
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