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ABSTRACT

Take the low energy consumption, the low pollution, the low emissions as the
foundation of the low — carbon economy are the fundamental way to tackle climate
change. It has become a common focus of research and discussion in countries around
the world about how to reduce carbon dioxide emissions and establish a rational energy
consumption structure while ensuring steady economic development to achieve a win —
win economic development pattern of social economic development and ecological protec-
tion. Meanwhile, when the developed country takes more and more action to tackle cli-
mate change, the biggest developing country, China, will commit to reducing carbon
dioxide emission intensity by 40 to 45 percent of 2005 levels by 2020. China must follow
the path of low — carbon economic development to realize the carbon dioxide emission in-
tensity target, which relates not only to economic growth and the total amount of energy
consumption, but also the energy consumption structure. China is still in the process of
urbanization and industrialization, and the key features are fast economic growth, rapid
growth of energy demand, rigid growth, and the consumption structure of energy relying
mainly on coal. Coal is the main fuel in the energy consumption structure which causes
higher carbon dioxide emissions and leads to severe challenges in the realization of the
carbon dioxide emission intensity target. Moreover, China covers a large territory, has
different resource endowments and regional economic developments, and hence a varie-
ty of regional energy consumption structures and the carbon dioxide emissions levels are
significantly different. With the development of the social economy, the difficulty of
emission reduction will get larger and larger, and the cost will become increasingly
higher. Therefore, it has important significance in the research of optimizing the prima-
ry energy consumption structure in China based on the low - carbon economy constraints
at the national and regional levels.

Based on this consideration that the primary energy consumption structures were
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comprehensively analyzed and studied at the national and regional levels, focusing on
the analysis of various issues about the primary energy consumption structure was based
on the low — carbon economy constraints. Comparative analysis, combining quantitative
and qualitative analysis, both theoretical analysis and empirical research, and the com-
bination of induction and deductive research methods were adopted.

In general, the main work and innovation of this study includes the following as-
pects:

(1) The related theories of optimizing the primary energy consumption structure in
China based on the low — carbon economy constraints were studied, which cover low —
carbon economic theory, the energy consumption structure optimization theory and the
regional coordinated sustainable development theory and so on. Moreover, economic
growth, energy consumption and carbon dioxide emissions were used as the objects to
be compared, and widely relevant information was collected. The situation of GDP, en-
ergy consumption and carbon dioxide emissions were analyzed in both various regions of
China and the whole country from the levels of the nation, the three major zones and the
eight economic regions by using horizontal comparison, vertical comparison and quanti-
tative analysis. The results showed that there were significant differences not only be-
tween China and the main developed country but also the various regions of China. Ac-
cordingly, the underlying reasons for these differences were analyzed. By use of a com-
bination of inductive and deductive methods the five principles of primary energy con-
sumption structure optimization and adjustment in China based on the low — carbon econ-
omy constraints were discussed, and the three goals of primary energy consumption
structure optimization in China based on the low — carbon economy constraints were con-
ducted.

(2) Firstly, the low — carbon economy constraints of primary energy consumption
structure optimization were analyzed. Built the model of optimal economic growth based
on energy economics and the economic growth theory, calculated the optimal economic
growth rate by 2020 on the two steady economic growth paths of both CO, control and no
CO, control, and made use of Partial Least — Squares Regression to calculate the opti-
mal economic growth rate in 2020. The results are as follows: on having no CO, control
scenario, the optimal economic growth rate is 8. 30% ; and on the CO,control scenario,
the optimal economic growth rate is separately 7. 67% and 7. 52% under the two differ-
ent controls of reducing carbon dioxide emission intensity by 40 percent and 45 percent
by 2020. On this basis, two different optimal economic development scenarios were set

Do
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during the period from 2012 to 2020 regarding the baseline scenario and low carbon
economy development scenario, the two optimal economic growth rates are respectively
9% and 8% , so forecasted economic output, energy consumption and carbon dioxide
emissions refer to two different economic development scenarios. Furthermore, realizing
the carbon dioxide emission intensity target under the premise of steady economic growth
cannot only accelerate the transformation of the traditional extensive economic growth
pattern, boost the formation of low — carbon economic development mode, but mean-
while also promote the comprehensive, harmonious and sustainable development of en-
ergy, economy and the environment.

(3) Additionally, the optimization of the primary energy consumption structure in
China based on the low — carbon economy constraints from the national angle was stud-
ied. The Markov chains model was used to study the fluctuation patterns of the primary
energy consumption structure during the period from 2004 to 2011 and predicted the
trend of China’ s energy consumption structure in 2020 on both the no energy planning
constraint scenario and on an energy planning constraint scenario. A study of the
multi - objective optimization model of the energy consumption structure on the low car-
bon scenario by the multi — objective decision method was used. The experiment results
indicated lowering carbon dioxide emissions per unit of GDP by 40% by 2020 from the
2005 level can be realized on the no energy planning constraint scenario, and there is
great difficulty while cutting carbon dioxide emissions per unit of GDP by 45% by 2020
from the 2005 level on the no energy planning constraint scenario. Whereas, the reduc-
tion carbon dioxide emissions per unit of GDP by 40% ~45% by 2020 from the 2005
level can be realized on an energy planning constraint scenario because the consumption
proportion of coal was further lowered and non - fossil energy share increased significant-
ly so the primary energy consumption structure was optimized. Therefore, by comparing
the results of the primary energy consumption structure based on the Markov chains mod-
el and the low carbon scenario, the primary energy consumption structure achieved opti-
mization and adjustment under the three different optimization schemes based on the low
carbon scenario. The proportion of the consumption of coal is significantly reduced.
Meanwhile hydro, nuclear and other non - fossil energy is an important alternative ener-
gy in which the share of the primary energy consumption structure has a great increase,
so China’s energy multiple will be gradually realized.

(4) Moreover, the optimization of the primary energy consumption structure in
China based on the low — carbon economy constraints from the regional angle was stud-
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ied. First, the carbon dioxide emissions efficiencies were respectively calculated and
compared according to 30 provinces, municipalities and autonomous regions in China by
use of both the SBM model considering relaxation of the input — output problem and the
traditional CCR model. The situation of provincial carbon dioxide emissions efficiency
and differences were quantitatively analyzed. The evolution rule of carbon dioxide emis-
sions efficiency studied in the provinces and the characteristics of the energy consump-
tion structure by GIS technology was also studied. China was divided into five groups
based on the K — means clustering analysis and the partition of feature space. In addi-
tion, the provincial carbon dioxide emissions constraints of primary energy consumption
structure optimization were analyzed. A qualitative analysis of allocation methods, and
principles of distribution and assignment criteria for carbon dioxide emissions allowance
in China were made, summarizing the allocation the principle of provincial carbon diox-
ide emissions allowance in China. The total and average annual carbon dioxide emis-
sions quotas in their regions based on different economic development scenarios were
separately calculated. On this basis, a study was conducted of the primary energy con-
sumption structure for the five representative provinces or cities among their groups by
use of the multi - objective decision method, and compared their primary energy con-
sumption structure based on different carbon dioxide emissions allowance by 2020 under
the two economic development scenarios. The results showed that the primary energy
consumption structure of five representative provinces or cities all presented significant
differences by 2020 on the two different economic development scenarios while realizing
carbon dioxide emission intensity target by 2020 ; however, the overall energy consump-
tion structure in China gradually diversifies in the future energy consumption structure
optimization and adjustment.

(5) Finally, some useful countermeasures about China’s primary energy con-
sumption structure optimization and adjustment were put forward. A comprehensive stud-
y of optimizing the primary energy consumption structure in China based on the low -
carbon economy constraints to clarify the problems of China’s current primary energy
consumption structure was made, and the corresponding countermeasures and sugges-
tions were proposed. Therefore, some operable low carbon countermeasures about the
primary energy consumption structure in China were put forward at the management,
technology and policy levels. It has a certain practical reference value for optimizing and
adjusting China’ s primary energy consumption structure based on the low — carbon econ-

omy constraints.
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(—) HARER

RSB EEH REN 21 HEERESXENER. RTEE 19 #H
FKEGHRIE K Arrhenius BEEE — KR IR E RN A E, MK i R P ZEALBK
(CO,) HKEABKLSIHRBEER, TERHTALRKERFERSGLAEBIHR
BRI, HE, 1985 £ E R # BB E £ (International Council of Scientific
Unions, ICSU)., tHAKRHL (World Meteorological Organization, WMO) FlEk
A EFEHRE (United Nations Environment Programme, UNEP) ZE Villach 3t [F]
BIFTHEHRESW, XKW EESBEER R BRI — 1 E AR E, 1988 4
BUN BRI E 1712 R4 (Intergovernmental Panel on Climate Change, IPCC)
B WMO 71 UNEP 3t [R& ., FHRERHRSIRIEELRE, XinEEIEE
el gR T EFRBUA IR .

IPCC FE MRS BEAEAIAERENARE R, ARELFHHSEHTES
KEERHER . AMARRKELAREIE, FrHEM UL 8B EHNRESKE
ST 2R X —SBEAEMFEM B, RRBEBASH AW R
BHER.

REXT B RA LB R A RERE T, EHERT, BEE 1992 4
(B ESEZIHELE/AZ) (United Nations Framework Convention on Climate
Change, UNFCCC) . 1997 4 (F#LE ) (Kyoto Protocol) , 2007 4 [ JHBE LR
& (Bali Road Map) #2009 4£ (B A ML) (Copenhagen Accord) ZFHI%
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BERGL , RIEBRADFRIBZESEBHATS), RERETHA,

BEE P E T A AT AR R HESE, P ERBIR T R FpaL b K H Rk
BHBREHUERAE, E—REFERLBFTFSHERE 0% £, St
[FEf, DAEER R ERRETRIE B A R T BB — EALBHEER, SR K S
&, HPEWRTENESIHERE, B 2RI, E (Netherlands Envi-
ronmental Assessment Agency, MNP) & B/x~, FEECHEITEERIHAE —K
—E kA EQ, EFREEPHLA (International Energy Agency, IEA) 4 BiR,
2007 4Erp E R E R AR LR BEAFBN —EAREREREZHER,
HERR R 60 {2mifk, 7EthFHEm SR EIRD 21% . FH HEE 1990 ~2007 4
], o E TR RSB 3 A, AR LR K IE R R, 2003 4F
WK 16% . 2004 4EHEE K 19% . 2005 4EF1 2006 4E39% 11% . 2007 AEAEHXT
AN, BHER 8%, H5h, ATFFEMEINE, RERKRER, SHRHNLFE
RARA VA, BT & XA REIIE RS — EBRHEBUK F R EE R K 2
7, MEMEHSSFHRR, BHEESBERBA, RANBMSBREH. FE
EAERERNRKBPER. BEHEZAM_AUWRABHERESNER, mikE
Br L 2RRIEARIEZE 5 S UK B AR REHRAFEIE R ENEZEE S,

e, PFEEARRKHERTERMATEKRE, X T RXLRIEEL,
2009 £ 11 A 25 HEB AR L EE AR D 2020 4F = &R HEMGR B Lt
2005 LE[EfR 40% ~45% . “+—H" B, EBUFHKBBIRIERBE S —WRIE N BB
HERRPMERANRBEIR, HB0X —ARIEIR 288 A RB IR 3R B A — S b i HE
BORERE, BTSSRV E KN EIRBORK £ R ® IR A R & |,
N E AR IR BN SARZE AL A

T AGBRHEOR B TR AR R AR — I S X A — i B N SR [ N A TR S R
SRR, WA ENAT=BE . RER T RRHE R B A R B AT AT
THZBIr. H5h, Ei R R B FERE =l L > — E AL HE R & AT LU
LY E AR BCRE BAR, EXTIRESFRAFHEATR, 5IREFEH., o
W, LR EACBRHERGRE B AR ST K MEERE B B8, B RER
BRI,

R B E— KBTI RS, SERBUER. AHMMEXAS, ELAfk
FIE R L E AR YK, 402012 EE—KABIRIH S BB PR 5 o 66.60% , A
M E A 18.80% , RAK AR 5.20% , LA BB LR 9.40% 2, HAHE

@ MNP. China Now No. 1 in CO, Emissions; USA in Second Position [ EB/OL] . http: //www. mnp. nl/
en/dossiers/ Climatechan — ge/moreinfo/ Chinanownol inCO, emissionsUSAinsecondposition.

@ WESHFE2013 [M]. RESHARM:, 2013,
619,
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AT A RRUR AL RE AN B F R MR IR IR AR, SRRt R B AKFHIET T R
BER, FRERZEMTHERTREENER, BHit, E&MWIFFETGEN R
AE MR B 28 K8 2RBHHRE BRTEE T, P ELUERS F #RETRTH 2
SmRE IR E, BRXKEHERRBRETHAREARRERTRERRE
F 2 Z B o

B RREXE U MR, KITH. RHR" PEME, KLEL
3 P R R RE TR I FE AR D — A, B S BMRBIRIE 4, Wik
IHLS2FRREESIERPIBH—MEF LRSS, Hit, WERRZ
T Pi8 R R A RTIR T 38> — SRR HE R AL R B RRURTE B 45 B RO R 4%
ERFEFRMTTROER . ERERT, ABENERETFTLHRT + EH—RERH
BRI RT T HRREDI

(Z) HREX

ERKEFRRRXBITHERT, BRERSERNAY ISR AR
FHEE, AMIZRBRFREXEN (RFELF=HER), EXBBFEHRE
B R AR RMAR . MEEPEEAGBETR. MREEZ5 R R
AW R, PE-REFRERSHRATIREARABIRANAR. WfI7E
REEZYFREROFTR T — S & R a g —RERIE RS,
B— M RERALHE AP KEE,

FEIR T, FiREFHERER A YRR A K M37s00 L RE5H
KMEABRAER, MEAREL A WERLFHERWOBRBI T, EERFRHE
FHSMERR, BEREER X FERATFMKMERL T ZL N EE RIE%
W, FEMAREREREVEFIBFATRIMER ., A BERIELT-FRE
KWRMHRT, LB P KERNERM, 2T Solow £FFHKHAE, Kk
W BA, FHERETIAMA - EARBOHAETRE, FIRRE S mHE
BORE B, SRR CO, MHHE G HRE AL R KHTHRE, WEHBE
TEUBRBHAR T AT KRR, SRR AR R AR ERT
TRERMMATIE K

ERLRBXTTE, LRI IBEELAERERORKTRT, FENRL
rEaFSRERRHE S, HREREEZ . £5HFRRBENENKR, TE
BT RBEEX, BREAFEBNETRREX, WETHRT AR MRS AL
M EREF a2 REX, ANhTHERRIIE, &4, 7. HRRKHES
S RRANFERBFERRKOATE, SHXHLFEM. ADRR. BARK
FHRERERER, SHHERERSGHLERHERNER, BERHEREWR
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B B B KR 3o

BE5h, BEURBTIR R — AP B R A BRI, UL RBTRIH P4 LR S —
FABRHEHGRE B ARRRZ —, BIRIRRETT AR AT B — KRBT 2%
MR, MTRERERERRRNSELESHELFNRERRAFE
HRELBREIFEIG RN, Z25EXARPLREEGTE (BIXSUREELHHE R
BEIRARAR AU BRI 5 BURBE T 71L73141) FLva 4 EFRRRHEE1ETE (K%
BETRERARALA I B0 AR B A2 B BT 5T 2013081070) AR EEF, RHABHHR
WA, HBIFIE. BB R R DU At i [ 58 0 e 1 T R AR A A8 2 AN
PHE-

—. HAASHEE

A BEISHEKETT AR T —REERIE RS & Fh R AR, FERA R
O TTE . ERSEWMITENRSE . BT S LIERR TS S B
TP LEAR LGS B DT 07 ¥ A2 B A XS A2 T X — UK BB R 3 5 At 1) A Fé
T HIBT SR . R

B, EERHRTE, MMEREFLART —KERHE RSN EIS R
i RBRETTEIS . RBIRERSWHERERS (ATfrg R REIRFARIRM LA E &
W) KK A RFERRERHT THI; HUKLFHER., BERERMN K
WBHEBON LB &, TR KRBT, N2l = KHHEMAKXLS
K=, 2FRARE B Y LB FE R 7 N F B & X LA R
£E# GDP, BEIRIH . —EMBHBER A RAHERTT T, AR RIAFERM
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