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ABSTRACT

Based on Kayaformula, we established carbon emission estimation model.
LMDI decomposition method was used to establish the decomposition
model about increase factors of carbon emissionsin Hebei, and make a
quantitative analysis of the effects from energy structure, population,
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economic growth, energy intensity and industrial structure etc. on carbon
emissions in 1999-2010, in Hebei Province. Study found that economic
growth, the population were positive determinant factors; energy structure,
energy intensity were the decisive factorsin the negative, weak influence
of industrial restructuring. Then low-carbon economic politic

recommendations were put forward correspondingly.
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INTRODUCTION

Early inthe 90s, the characteristicsand influential
factors of carbon emissions have caused some schol -
ars’ attention. The famous idea of Kaya formula was
that carbon emissionsweremainly affected by four fac-
torg”. Then based on thisformula, carbon emissions
were pointed out that ninefactorswere contributed to
it¥, Also decoupling indicatorswere established based
on driving forceto research therel ationship between
economic growth and greenhousegasemissiong*y, The
Logarithmic Mean Divisialndex (LMDI) method of
completedecomposition isused to examinetherol e of
threefactorsaffecting theevolution of CO2 emissions
from electricity generationin seven countries'®. Energy
integration had aremarkable effect ontheemissionre-
duction*?. A study was conduct on China’s economic
development and carbon emissions based on environ-

menta kuznetscurve (EK C) and derivativecurved. An
increment factor decomposition modd isestablished for
carbon emissionsin Jiangsu province®. Onestudy ex-
aminesthelong-run relationship between carbonemis-
sonsand energy consumption, incomeandforeigntrade
inthecase of Chind®. A paper investigatesthedriving
forces, emission trends and reduction potentia of
China’s carbon dioxide (CO2) emissions based on a
provincial panel datd®. One paper analyzestherela-
tionship between the changesin energy consumption
structureand the carbon emissionsinHebe Provincd™.

Hebei provinceislocated in China’s core area of
the“‘beijing-tianjin-Hebei bohai economic circle”, con-
tainingrichironore, oil, coa etc primary energy and
wind energy, solar energy, biomassenergy — clean and
renewableenergy resources. It isexperiencingtherapid
devel opment of urbanizationandindudtridization. How-
ever, high carbonindustry in Hebel provinceisstill the
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dominant one supporting the devel opment of economy.
Inorder tofind out the driving factorsand sol utions of
carbon emissions, thispaper usesempiricd analysesof
carbon emission characteristicsand influential factors
by anew fomulabased on Kayaformulato alleviate
the contradi ction between economic devel opment and
environmenta resource.

DATAAND METHODOLOGY

Data

This paper selects GDP per capitaastheindicator
of economicgrowth, al kinds of energy accounted for
the proportion of the total energy as the measure of
energy structure, energy intensity asameasure of en-
ergy efficiency, the carbon intensity astechnology fac-
tors, Industrid energy intensity asindustria structure.
Energy consumption, energy structureindex, popula-
tion, carbon emissionsand carbon emissionsper capita
toreflect thestrength of carbon emissonsin Hebe prov-
ince. Thedatafrom the People’s Republic of statistics
bulletinin 1999-2010.

M ethodology

Based ontheKayaformula, anandytical model is
established about the carbon emissionsto anayze the
rel ationship between carbon emissionsand influentia
factors. Japanese scholars - MaoYang, put forward the
famousideaof Kayaformulain 1990:

_C, E GDP,

E GDP P
Where C is carbon emissions, E is one-time energy
consumption; GDPisgrossdomestic product; Pispopu-
lation. Carbon emission model can bechanged intothe
following formulabased on the basicformulafrom Xu
(2006):
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Refer Ang of the decomposition method of LMDI
without resdud, aswell asformula(2), carbonemis-
sionschangesfrom year t to year t +1 can beexpressed
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Where ¢ iscarbonintensity of i kind of energy; E, is
consumption of i kind of energy, whereE, / Eisthepro-
portion of consumption of i kind of energy. Per capita
GDP  reflects economi c devel opment and macroeco-
nomic indicatorsinlife measuring economic growth.
Energy intensity isunit GDP energy consumption, the
ratio of primary energy usage or final energy usageand
thegrossdomestic product. s isenergy structurey ef, is
the Coefficient of carbon emissions, PG isper capita
GDREI representsenergy intensity, &, /corp, isindustria

energy intensity, represented by I: industria struc-
turecor, /cop IS represented by IS.ct1is the carbon
emissonsinyear t+1; ¢ isthecarbon emissionsinyear
t+1 of | kind of energy; agil indicatesthe effect of

industria energy intensity; AEls meanstheindustrial

structure effect; ACg means that carbon emissions
caused by energy structure changes; AC, means
changesin carbon emissions caused by the changein
populationsize; ACpg changesincarbonemissonsdue
to changesin economic growth; AC, meanschanges
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in carbon emissionsfrom the combined effects of in-
dustrid energy intensity and industrid structure. ¢

Carbon emissionsare ca culated based ontheformula
(2) — (13). According to the IPCC hypothesis, carbon

emissionsfactors (ef; ) of someenergy arethe same.
Vauesof carbon emissionsfactorsmirror theresearch
dataof NDRC’s energy research institute, see TABLE
1.

TABLE 1: Carbon emission factor sof all kindsof energy

Index

coal oil gas Water and dectricity

CO2 emission factor (tons of coal/ten thousand tons of standard coal)

0.7476  0.5825 0.4435 0

Characteristicsof carbon emissions

Figure 1 reflectsalong-term devel opment trend of
carbon emissionsin 1999-2010in Heba province, fig-
ure 2 showstherelationship between carbon emissons
and per capitaGDP.
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Figurel: Development trend of carbon emissionsin 1999-
2010in Hebei province
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Figure2: Theinverted U shaped curve existed in carbon
emissionsand per capita GDPin 1999-2010in Hebei

View fromfigurel and figure2, carbon emissions
havethefollowing feasturesin Hebel province:

(1) Thecarbonemissonsshow arisingtrendin Hebel
province. Accordingto thelaw changesinthedope
of thegraphline, it canberoughly divided into three
stagesyThe first stage is 1999-2002, slow rising
phase; the second stage for carbon emissionsin
2003-2007 isfast incremental growth. Thethird
sageiscarbonemissons’ decreasing growth stage

in 2008-2010. Compared the data through cal cu-
lation, thecarbon emissionsin 2010in Hebel prov-
inceaccounted for 9.36% of thenationa totd emis-
sions, annua carbon emissionsin 1999-2010 ac-
counted for 8.88% of nationd annua carbon emis-
sions, was1.69timesasthenationd annua carbon
emissons.

(2) CarbonemissonsinHebe province, presentedre-
versed U relationship along with per capitaGDP’s
increasing. Aseconomic growth (per capitaGDP),
carbon emissionsshowed arapid riseat first, then
aslow rise, thedynamicinverted U typerelation-
ship revealed that there was an environmenta
kuznetsinverted U type mechanism in somede-
gree between economic growth and carbon emis-
sions. After 2008 years, the increase of carbon
emissions showed a tendency of rise caused by
economic growth. Supposedly, Hebea carbonemis-
sionsin Hebei will increaseto 252,863,900 tons
by 20151,

Analysesof influential factor sof carbon emissions

Carbon emissionsof final energy consumptionin
Hebe wasdividedintofivedrivenfactorsincludeeco-
nomic growth, industrial structure, popul ation, energy
consumption structure change, energy intendity change,
to analyzethevariousfactors on theimpact of incre-
menta carbonemissionsin Heba. (AV representsAn-
nud variation, CA represents cumul ative amount Unit:
Tenthousand tens)

Ascanbeseenfrom TABLE 2, thecumulative ef-
fect of theenergy structureis-1,528,900 tons,; demo-
graphic changes of popul ation on carbon emissions
amounted to 12,005,000 tons; the cumul ativeimpact
from economic growth on carbon emiss onsamounted
t0 189,278,600 tons, significantly affected; effect from
changesin energy intensity on carbon emissionsas-
75,165,100 tons, significant impact; industrid structure
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changes on theimpact of carbon emissionsamounted
to 807,300 tons, theimpact isnot very big. Thetotal
increasein carbon emissions 123,597,000 tonsin 1999-
2010. Thefollowing areanayses of theimpact on car-
bon emissonsfromall factors.

(1) Economic growth factor. From analysesabove, it

can befound acloserd ationshi p between per capita
GDPand carbon emissions. Thispaper addressed
per capita GDP asthe independent variable and
carbon emissions asthe dependent variable, and
make regression analysis between per capitaGDP
and carbon emissions, resultsshownin TABLE 3.

TABLE 2: Decomposition Analysison theincremental effect of carbon emissionsin Hebei

Energy structure Population Economic increase Energy intensity Industrial structure Carbon
Y ear emissions
AV CA AV CA AV CA AV CA AV CA AV CA
1999-2000 1803 18.03 6583  65.83 719.49 71949 71123 -711.23 14140 14140 23352 233.52
20002001 1855 3659 3117  97.00 729.59 144908  -5413 -765.36 -65.05 7635  660.13 893.65
20012002 -12.34 2425 4850 14550 797.75 224683  -4272 80808 17.96 9431  809.16 1702.81
2002-2003 3206 5631 5144 19694  1459.56 370639  -318.37 -112645 22615 32047 145083  3153.64
20032004 -43.27 13.04 6844 26538  2386.09 609248  -1319.23 -244568 186.60 507.07 127863 443227
20042005 2049 3353 8128 34665  1671.27 776374 148556 -960.13 -18221 32486 307638  7508.65
20052006 -658  26.95 10130 447.96  1909.84 967358  -708.64 -1668.77 103.03 42789 139895  8907.60
2006-2007 2598 5293 10510 553.06 266024 1233382 -1591.42 -3260.19 91.81 51970 129171  10199.31
2007-2008 -11.13  41.80 11279 66585  2666.61  15000.43 -2448.33 -5708.52 299.32 81902 61926  10818.57
20082009 -3.08 3872 11376 77961  1191.37  16191.80 8597 -562255 -732.39 86.63 65564  11474.21
2009-2010 -191.60 -152.89 420.90 120050 2736.07  18927.86 -1893.97 -751651 -590 8073 106550  12539.70
TABLE 3: Tthelinear regression relationship between carbon emissionsand per capita GDP
Regression equation R Square Adjusted R Square F Std. error t Sig.
Y =4253.933+0.585x 0.944 0.938 167.945 0.045 12.959 0.000

Seenfromtable 3, thegoodness-of-fit decision co-
efficient g2 is 0.944 in the regression model, the
revisedis0.938 which represented fitting degreeisvery
good, showed that economic growth and carbon emis-
sonsarehighly relevant. Makeavarianceanadysis, F=
167.945, and sig. = 0.000, indicating alinear relation-
ship between carbon emissionsand economic growth.
Regression coefficientis0.585, theerror of theregres-
son coefficient is0.045, thevalueof tinregressontest
is 12.959, the sig. Value is zero, consistent with
variance’s analysis, regression coefficient is significant.
(2) Energy intensity and carbonintensity factors. From

the curve’s shape of energy intensity in 1999-2010

infigure 3, energy intensity peak in 2003 in Hebel

provincethen beganto gradually reduce. But com-
pared with other big provincesgoodin energy and
economy in 2010, such as Guangdong 0.664 tons
of standard coal/ten thousand Yuan, Shanghai
0.712, Beijing 0.582, Jiangsu 0.734, and Hebei

provinceisashigh as 1.35, morethan 2timesas
above provinces, itisabig gap.

—+— Energy intensity

—— Carbon intensity

Tons of standard coal per ten thousand yuan
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Figure 3: Energy intensity and carbon intensity develop-
ment trend chart in 1999-2010in Hebei

Asshowninfigure4, theenergy intensty of second
industry ismuch higher than thefirst and third indus-
tries, thefluctuation range of the secondindustry isvery
largein our country in recent ten yearswhich can be
seen from graphictrendwWhilethefirst and third indus-
tria energy intensity inthefirst and third industriesis
reduced year by year, downto 0.3 in 2009.the down-
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wardtrend of thelinesindicatesthat the devel opment
inthefirst and third industries can still maintain high-
incomeand low-carbon devel opment pattern inthefu-
ture period of time. In recent years, some areas adjust
measuresto devel op eco- tourism and sightseeing agrri-
culture; Thestrength of thelifeenergy consumptionis
also gradually reducing, mainly the change of energy
consumption by residents’ life in Hebei province, such
ascombustion, hesting.

}

Energylntensity
" N

Figure4: Theenergy mtensty in threeindustri%and life
in 2000-2009 in Hebel province

(3) Energy consumption structurefactor. Coal hasoc-
cupied theabsol ute dominant positionintheenergy
consumption structurein Hebel, in which the car-
bon emissions produced by coal combustion ac-
counted for 85% of thetotal emissions, theaver-
ageleve of cod consumption accounted for 84.11%
of averagetota energy consumption, far higher than
the average level of national coal consumption
69.8%; averageleve of oil consumption accounts
for 6.85% of the averagetotal energy consump-
tion; Natural gasfor 0.72% —far below the na-
tiona overall consumption ratio 2.9%; Water and
€l ectricity consumption accounted for only 0.07%
of thetota energy consumption, whilethenational
consumptionratio of water and eectricity is7.1%.
The present situation of the energy of “rich coal,
leanoil, lessgas” is the main reason for the phe-
nomenoninHebe province, just asshowninfigure

= water and electricity

- oil
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Figure5: Energy consumption structurein 1999-2010in
Hebe province

(4) Industrid structurefactor. Asshowninfigure6, the
average proportion of thesecond industria energy

consumptionin 1999-2010in Hebel provincewas
ashigh as 77.25%, the average levels of energy
consumptioninfirst and thirdindustriesareonly
3.13% and 11.18%, whilethecontributionratesto
GDPof threeindustriesin 2010 were 12.6%, 52.5%
and 34.9% respectively. It can be found that the
leved of energy consumption and thelevel of output
inthe second industry don’t match in Hebei prov-
ince, thustheindustry system presentsthe charac-
teristicsof high carbon.
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Figure6 : The propor'uon of ener gy consumption of three
industriesin 1999-2010in Hebei province

POLICY RECOMMENDATIONSAND CON-
CLUSIONS

Thepolicy suggestions

(1) Establishalow carbon economic system. Hebel is
abigeconomic provincewith high energy consump-
tion, need agood low carbon system to support.
First, enact aseries of laws clearly which define
rel ated concept, scope, and therelevant measures;
Through direct control, tax regulation and financia
subsidies; Alsoafinancial policy support isvery
essentia, through financial meansto promotethe
development of low carbonindustry.

(2) Optimizeindustrid structure. Theproportion of the
second industry in Hebel provinceislarge, indus-
trial structureisnot reasonable. It isimportant to
upgradeindustries, improvetheutilization efficiency
of energy; weed out those backward, smdler, pol-
luting enterpri ses, strengthen cooperation, introduce
advanced technol ogy, optimize production process.
Promotetheindustrial structure optimization and
upgrading actively.

(3) Optimizetheenergy structure. Increasetheresearch
and investment of wind power technol ogy, assoon
as possibleto create high quality equipment suit-
ablefor air and ground environment in Hebel, re-
duce wind power generating cost, accelerate its
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popularization and gpplication. To makefull useof
abundant wind power, solar and other renewable
energy in Zhangjiakou and Chengde, and expand
the use of aternative energy such asbiomass, and
finally achievethereduction of carbon emissions.
Besdes, vigoroudy promote the application of so-
lar photovoltaic equipments by government sub-
Sdy.

(4) Strengthentheinnovation of low carbon technolo-
gies. Thegovernment shouldincreaseinvestmentin
related research units, enhancetheability of scien-
tificresearch andraisetheleve of research. Intro-
duce advanced and applicable technology, to
achievealow-carbon devel opment of economy at
aleve of jumpwith low cogt, optimizedl ocation of
resource and utilization of energy, participateinin-
ternationa cooperation actively.

CONCLUSION

Through the analyses above, we can get the fol -
lowingcondusons

(2) Per capitacarbon emissionsand carbon emissions
in Hebel provincepresent arisingtrend, with the
existenceof ahigh degreeof linear re ationship be-
tween economic growth and carbon emissions,
which aretheresults of the combined effectsof in-
dustrid structure, economic growth, carboninten-
Sity, energy intensity and structure of energy con-
sumption.

(2) Thelight and wind industry group in citiessuch as
Baoding and Handan has already begun to come
into scale, the devel opment of new clean energy
industrial clustersisvery good to reduce carbon
intengty. But high-carbon industry playsabig part
in heavy industry, and theinhibition of new energy
isnot enough to offset high carbon emissions.

(3) Someeconomic policiesplay animportantrolein
guiding industriesand enterprisesto produceina
way of low-carbon.
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