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1.�Introduction

,
Q�UHFHQW��HDUV��WKH�JOREDO�FOLPDWH�LV�GHWHULRUDWLQJ��DQG�

HQHUJ��VXSSO��VXFK�DV�RLO�LV�FRQVWDQWO��LQ�FULVLV�XQGHU�

WKH� LQIOXHQFH�RI�SROLWLFDO��PLOLWDU��DQG�RWKHU�IDFWRUV��

8QGHU�VXFK�D�ODUJH�LQWHUQDWLRQDO�EDFNJURXQG��DOO�FRXQWULHV�

DUH�ORRNLQJ�IRU�QHZ�GHYHORSPHQW�RSSRUWXQLWLHV��$PRQJ�

WKHP��WKH�GHYHORSPHQW�RI�ORZ�FDUERQ�HFRQRP��LV�RQH�RI�

WKH�FRQVHQVXVHV�RI�JRYHUQPHQWV��&KLQD�KDV�D� ODUJH�SRSX�

ODWLRQ��ULFK�UHVRXUFHV�EXW�OLPLWHG�SHU�FDSLWD��VR�WKH�JRYHUQ�

PHQW�KDV�DOZD�V�DWWDFKHG�JUHDW�LPSRUWDQFH�WR�WKH�FKRLFH�

RI�HFRQRPLF�GHYHORSPHQW�SDWK��,Q�������WKH�)LIWK�3OHQDU��

6HVVLRQ�RI�WKH���WK�&3&�&HQWUDO�&RPPLWWHH�FOHDUO��SUR�

SRVHG�WKH�ORZ�FDUERQ�GHYHORSPHQW�RI�HFRQRP���+RZHYHU��

IURP� WKH�SHUVSHFWLYH�RI�GDWD�VWDWLVWLFV��&KLQD�V�FDUERQ�

HPLVVLRQV�KDYH�EHHQ�KLJK�LQ�UHFHQW��HDUV��7KHUHIRUH�� LW�LV�

YHU��XUJHQW� IRU�&KLQD�V�HFRQRPLF�GHYHORSPHQW� WR�UHDO�

L]H�WKH� ORZ�FDUERQ� WUDQVIRUPDWLRQ�DQG�IRUP�DQ�HIILFLHQW�

ORZ�FDUERQ�SURGXFWLRQ�PRGH�DV�VRRQ�DV�SRVVLEOH�

6KDQGRQJ�3URYLQFH�LV�D�VWURQJ�FRDVWDO�HFRQRPLF�SURY�

LQFH��ZLWK�D�*'3�RI������WULOOLRQ��XDQ�LQ�������DQ�LQFUHDVH�

RI������RYHU� WKH�SUHYLRXV��HDU��DFFRXQWLQJ� IRU�������RI�

WKH�WRWDO�*'3�RI�WKH�FRXQWU���UDQNLQJ�WKH�WKLUG�DPRQJ�DOO�

SURYLQFHV��ZKRVH�HFRQRPLF� OHYHO�KDV�DQ� LPSRUWDQW� LP�

SDFW�RQ�WKH�QDWLRQDO�HFRQRPLF�GHYHORSPHQW��7KH� UDSLG�

HFRQRPLF�JURZWK�KDV�LQFUHDVHG�WKH�GHPDQG�IRU�HQHUJ���,Q�

������SULPDU��HQHUJ��FRQVXPSWLRQ�LQ�6KDQGRQJ�SURYLQFH�

DFFRXQWHG� IRU�������RI� WKH� WRWDO�QDWLRQDO�FRQVXPSWLRQ��

7KLV�SURSRUWLRQ� LV�KLJKHU� WKDQ� WKH�*'3�RI�6KDQGRQJ�

3URYLQFH��7KH� WRWDO�HQHUJ��SURGXFWLRQ�RI� WKH�SURYLQFH�

LQ�WKDW��HDU�ZDV���������PLOOLRQ�WRQV�RI� VWDQGDUG�FRDO��

ZKLFK�ZDV�FORVH�WR������WLPHV�RI�WKH�WRWDO�SURGXFWLRQ��,Q�
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WKH�HQHUJ��FRQVXPSWLRQ�VWUXFWXUH�RI�6KDQGRQJ�3URYLQFH��

FRDO�HQHUJ��KDV�D�KLJK�SURSRUWLRQ��$FFRUGLQJ�WR�WKH�GDWD�

LQ�������WKH�SURSRUWLRQ�RI�FRDO� LQ�WKH�WRWDO� HQHUJ��FRQ�

VXPSWLRQ�UHDFKHG���������SHUFHQWDJH�SRLQWV�KLJKHU� WKDQ�

WKH�QDWLRQDO� DYHUDJH��7KH�KLJK� LPEDODQFH�EHWZHHQ�HQHU�

J��VXSSO��DQG�HQHUJ��FRQVXPSWLRQ�PDNHV�LW� D�VWUDWHJLF�

FKRLFH�IRU�HFRQRPLF�GHYHORSPHQW�RI�6KDQGRQJ�3URYLQFH�

WR�WDNH�WKH�URDG�RI�ORZ�FDUERQ�HFRQRP��XQGHU�WKH�VHYHUH�

background.�In�2016,�the�13th��ve-year�plan�of�Shandong�

3URYLQFH�FOHDUO��SURSRVHG�WR�FDUU��RXW�HQHUJ��WUDQVIRUPD�

WLRQ�DQG�XSJUDGLQJ��WDNLQJ�ORZ�FDUERQ�HFRQRPLF�ZRUN�DV�

WKH�VWUDWHJLF�IRFXV�RI�IXWXUH�UHJLRQDO�HFRQRPLF�ZRUN�

%DVHG�RQ� WKLV�� WKLV�SDSHU�DQDO�]HV� WKH�GHYHORSPHQW�

RI� ORZ�FDUERQ�HFRQRP��LQ�6KDQGRQJ�3URYLQFH� IURP� WKH�

DVSHFWV�RI�HFRQRPLF�RXWSXW��HQHUJ��FRQVXPSWLRQ��ORZ�FDU�

ERQ�WHFKQRORJ���DQG�WKHQ�H[WHQVLYHO��LQYHVWLJDWHV�WKH�NH��

LQGH[�GDWD�LQ�LWV�GHYHORSPHQW��7KURXJK�WKH�LQGH[�V�VWHP��

WKH�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�LWV�ORZ�FDUERQ�HFRQRP��

OHYHO�LV�FDUULHG�RXW��7KH�HYDOXDWLRQ�FRQFOXVLRQ�FDQ�SURYLGH�

UHIHUHQFH� IRU� WKH�GHYHORSPHQW�RI� ORZ�FDUERQ�HFRQRP��

LQ�6KDQGRQJ�3URYLQFH�DQG�RWKHU�FRDVWDO�DUHDV��6R��ZKDW�

LV� WKH�GHYHORSPHQW� VWDWXV�RI�6KDQGRQJ�3URYLQFH�V�KLJK�

�LHOG�*'3�DQG�ORZ�FDUERQ�HFRQRP�"�+RZ�WR�LPSURYH�WKH�

DELOLW��RI�ORZ�FDUERQ�HFRQRPLF�GHYHORSPHQW�LQ�6KDQGRQJ�

3URYLQFH"�%DVHG�RQ� WKH�DERYH�EDFNJURXQG�� WKLV�SDSHU�

KRSHV�WR�FDUU��RXW�UHOHYDQW�UHVHDUFK�RQ�WKLV� LVVXH�RQ�WKH�

EDVLV�RI�H[WHQVLYH�GDWD�UHVHDUFK�

6FKRODUV�KDYH�FDUULHG�RXW�UHOHYDQW�UHVHDUFK�RQ�WKH�GH�

YHORSPHQW�RI�&KLQD�V�ORZ�FDUERQ�HFRQRP���$OWKRXJK�WKH�

WLPH�LV�VKRUW�� WKH�UHVHDUFK�UHVXOWV�DUH�YHU��ULFK��7KURXJK�

OLWHUDWXUH� UHYLHZ��ZH�IRXQG�WKDW� WKH�HYDOXDWLRQ�PHWKRGV�

DUH�JHQHUDOO��GLYLGHG�LQWR� WZR�FDWHJRULHV��RQH� LV�EDVHG�

RQ�WKH� WRWDO� IDFWRU�SURGXFWLYLW��WKHRU���XVLQJ�'($�PRG�

el-based�ef�ciency�evaluation.�Wu�Qi�(2009)�established�

D�'($�HQHUJ��HIILFLHQF��HYDOXDWLRQ�PRGHO�WKDW�FDQ�GHDO�

ZLWK�XQH[SHFWHG�RXWSXW��7KH�PDLQ�FRQWULEXWLRQ�LV� WR�SXW�

HQYLURQPHQWDO� HIILFLHQF�� LQWR�WKH�HQHUJ��HIILFLHQF��UH�

VHDUFK�IUDPHZRUN�>�@��%DVHG�RQ�WKH�PHWD�IURQWLHU� WKHRU���

:X�4LDRVKHQJ� �������LQFRUSRUDWHG�WKH�XQH[SHFWHG�RXW�

SXW�RI�62��HPLVVLRQ�LQWR�WKH�'($�PRGHO�� FRPSDUHG�DQG�

DQDO�]HG� WKH�UHJLRQDO�GLIIHUHQFHV�RI�WRWDO� IDFWRU�HQHUJ��

ef�ciency�of�urban�agglomerations�in�the�middle�reaches�

RI�WKH�<DQJW]H�5LYHU�IURP������WR�������DQG�WKHQ�VWXGLHG�

the�decomposition�of�energy�inef�ciency�and�the�real�and�

SRWHQWLDO�HQHUJ��LQWHQVLW�>�@��&KHQ�;LDRKRQJ��������LQWH�

JUDWHG�WKH�GXDO�REMHFWLYHV�RI�*'3�JURZWK�DQG�&2��HPLV�

VLRQ�FRQWURO��6WDQGDUG��XVLQJ�VEP�GHD�PHWKRG�WR�EXLOG�D�

G�QDPLF�SODQQLQJ�PRGHO��DQG�FDOFXODWH� WKH� ORZ�FDUERQ�

HFRQRPLF�GHYHORSPHQW�HIILFLHQF��DQG�FDUERQ�HPLVVLRQ�

UHGXFWLRQ�SRWHQWLDO�RI����SURYLQFHV�LQ�&KLQD>�@��7KH�DGYDQ�

WDJH�RI�WKLV�PHWKRG�LV�WKDW� LW�LV�QRW�DIIHFWHG�E��VXEMHFWLYH�

IDFWRUV��7KH�GLVDGYDQWDJH�RI�WKLV�PHWKRG�LV� WKDW� WKH�UDQ�

dom�interference�term�is�regarded�as�an�ef�ciency�factor,�

ZKLFK�PDNHV� WKH� UHOLDELOLW��RI� WKH� UHVXOWV�TXHVWLRQHG��

7KH�RWKHU�LV� WKH�FRPSUHKHQVLYH�HYDOXDWLRQ�RI� ORZ�FDU�

bon�development.�The�steps�are�as�follows:��rst,�set�up�a�

ORZ�FDUERQ�HFRQRPLF�GHYHORSPHQW�WDUJHW�V�VWHP�JXLGHG�

E��VXVWDLQDEOH�GHYHORSPHQW��ZKLFK�VKRXOG�EH�D�PXOWL�OHY�

HO�HYDOXDWLRQ�LQGH[�V�VWHP�FRYHULQJ�HFRQRP���HQHUJ���HQ�

YLURQPHQW�DQG�RWKHU�DVSHFWV��6HFRQGO��� WKH�PDWKHPDWLFDO�

GHFLVLRQ�PDNLQJ�HYDOXDWLRQ�PRGHO�LV� LQWURGXFHG� WR� LQWH�

JUDWH�GLIIHUHQW� LQGLFDWRUV��DQG�WKHQ�WKH�HYDOXDWLRQ�UHVXOWV�

DUH�REWDLQHG��)X�-LDIHQJ� �������SURSRVHG�DQ�HYDOXDWLRQ�

LQGH[�V�VWHP�EDVHG�RQ� ILYH�GLPHQVLRQV�RI� ORZ�FDUERQ�

RXWSXW�� ORZ�FDUERQ�FRQVXPSWLRQ�� ORZ�FDUERQ�UHVRXUFHV��

ORZ�FDUERQ�SROLFLHV�DQG� ORZ�FDUERQ�HQYLURQPHQW�� DQG�

VWXGLHG�WKH�GHYHORSPHQW�SRWHQWLDO>�@;�Qu�Xiaoe�(2013)��rst�

LQWURGXFHG� WKH�SHRSOH�V� OLYLQJ� LQGLFDWRUV�LQ�WKH�VWXG��RI�

WKH�GHYHORSPHQW�OHYHO�RI�ORZ�FDUERQ�HFRQRP��LQ�6KDDQ[L�

3URYLQFH��DQG�PDGH�D�KRUL]RQWDO�FRPSDULVRQ�EHWZHHQ�WKH�

VLWXDWLRQ�RI�6KDQ[L�3URYLQFH�DQG�WKH�QDWLRQDO�DYHUDJH>�@��

/L�:LWK�HFRQRPLF�GHYHORSPHQW�DV�WKH�FRUH��<XQ�DQ��������

XVHG�WKH�IX]]��FRPSUHKHQVLYH�HYDOXDWLRQ�PHWKRG�WR�SUR�

FHVV�WKH�ORZ�FDUERQ�GHYHORSPHQW�LQGLFDWRUV�RI�GRPHVWLF�

PXQLFLSDOLWLHV�GLUHFWO��XQGHU� WKH�FHQWUDO� JRYHUQPHQW��

DQG�REWDLQHG� WKH�HYDOXDWLRQ� UHVXOWV�DQG�SUHGLFWHG� WKH�

ORZ�FDUERQ�GHYHORSPHQW�WUHQG>�@.�There�is�a�de�ciency�in�

WKLV�PHWKRG��7KH�LQGH[�LQWHJUDWLRQ�LQ�WKH�FRPSUHKHQVLYH�

HYDOXDWLRQ�UHVHDUFK�QHHGV�H[SHUW�RSLQLRQ�DQG�KDV�FHUWDLQ�

VXEMHFWLYLW��

%�� VXPPDUL]LQJ� WKH�SUHYLRXV� UHVHDUFK� UHVXOWV�DQG�

V�QWKHVL]LQJ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�YDULRXV�

PHWKRGV��WKLV�SDSHU�DGRSWV�WKH�FRPSUHKHQVLYH�HYDOXDWLRQ�

PRGHO�EDVHG�RQ�(QWURS��:HLJKW�*UH��5HODWLRQ�7236,6��

The�steps�are�as�follows:��rst,�use�entropy�weight�method�

WR�GHWHUPLQH�WKH�ZHLJKW��VHFRQG��FDOFXODWH�WKH�LGHDO�YDOXH�

RI�UHOHYDQW�LQGLFDWRUV�� WKLUG��XVH�JUH��FRUUHODWLRQ�DQDO�VLV�

WR�MXGJH�WKH�FORVHQHVV��IRXUWK��XVH�7236,6�DQDO�VLV�PHWK�

RG�WR�FDOFXODWH�WKH�FORVHQHVV�RI�HDFK�HYDOXDWLRQ�XQLW�WR�WKH�

LGHDO� VFKHPH�� ILIWK�� UDQN�WKH�HYDOXDWLRQ�XQLWV�DFFRUGLQJ�

WR�WKH�IURQW�FDOFXODWLRQ��7KLV�FRPSUHKHQVLYH�HYDOXDWLRQ�

PHWKRG�DYRLGV� VXEMHFWLYLW��DQG�HQKDQFHV�WKH�FUHGLELOLW��

of�results.�Make�the�evaluation�result�more�scienti�c�and�

UHDVRQDEOH�

2.�Current�Situation�of�Energy�Consumption�
and�Carbon�Emission�in�Shandong�Province

2.1�Description�of�the�Current�Situation�of�Ener-
gy�Consumption�in�Shandong�Province

7KH�UHPDUNDEOH�IHDWXUH�RI�ORZ�FDUERQ�HFRQRP��LV�WKDW�WKH�

HQHUJ��FRQVXPSWLRQ�SHU�XQLW�RXWSXW�DQG�FDUERQ�HPLVVLRQ�
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DUH�GHFOLQLQJ>�@��$V�D�PDMRU�HFRQRPLF�SURYLQFH�LQ�&KLQD��

6KDQGRQJ�LV�DOVR�RQH�RI�WKH�UHJLRQV�ZLWK�WKH�ODUJHVW�HQHU�

J��FRQVXPSWLRQ�LQ�&KLQD��,Q�������WKH�WRWDO�SULPDU��HQHU�

J��FRQVXPSWLRQ�RI�6KDQGRQJ�3URYLQFH�UHDFKHG���������

PLOOLRQ�WRQV�RI�VWDQGDUG�FRDO��DQG�WKH�WRWDO�WHUPLQDO�HQHUJ��

FRQVXPSWLRQ� UHDFKHG���������PLOOLRQ� WRQV�RI� VWDQGDUG�

FRDO��6LQFH�������WKH�DQQXDO�HQHUJ��FRQVXPSWLRQ�RI�6KDQ�

GRQJ�3URYLQFH�KDV�EHHQ�UHODWLYHO��VWDEOH��ZLWK�DQ�DYHUDJH�

DQQXDO�JURZWK�UDWH�RI�DERXW�����ZKLFK�LV�LQ�WKH�IRUHIURQW�

RI�WKH�FRXQWU���)URP�WKH�SHUVSHFWLYH�RI�HQHUJ��FRQVXPS�

WLRQ�VWUXFWXUH��WKH�GLVSRVDEOH�HQHUJ��FRQVXPSWLRQ�LQ�6KDQ�

GRQJ�3URYLQFH�PDLQO��LQFOXGHV�UDZ�FRDO��FUXGH�RLO��QDWXUDO�

JDV��HOHFWULFLW���HWF��$PRQJ�WKHP��UDZ�FRDO� DFFRXQWV� IRU�

WKH�KLJKHVW� VKDUH�RI�HQHUJ��FRQVXPSWLRQ� LQ�6KDQGRQJ�

3URYLQFH�� ,Q������� WKH� VKDUH�RI� UDZ�FRDO�FRQVXPSWLRQ�

DFFRXQWHG�IRU��������RI� WKH�WRWDO�FRQVXPSWLRQ��DQG�WKH�

SURSRUWLRQ�KDV�EHHQ�PDLQWDLQHG�DW�DERXW�����VLQFH�������

Until�2016,�the�proportion�dropped�signi�cantly,�becom�

LQJ���������LQGLFDWLQJ�WKDW�WKH�UHOHYDQW�ORZ�FDUERQ�PHD�

VXUHV�LQ�6KDQGRQJ�3URYLQFH�KDYH�EHHQ�VOLJKWO��HIIHFWLYH��

EXW�WKH�SURSRUWLRQ�LV�VWLOO�PXFK�KLJKHU� WKDQ� WKH�QDWLRQDO�

DYHUDJH�OHYHO��7KH�FRQVXPSWLRQ�SURSRUWLRQ�RI� FUXGH�RLO�

HQHUJ��LQ�6KDQGRQJ�3URYLQFH�KDV�EHHQ�UHODWLYHO��VWDEOH��

PDLQWDLQHG�DW�DERXW������ZKLFK�ZDV��������LQ�������EXW�

WKH�WRWDO�FRQVXPSWLRQ�RI�FUXGH�RLO�HQHUJ��LV�DOVR�LQFUHDV�

LQJ��HDU�E���HDU��1DWXUDO�JDV��HOHFWULF�SRZHU�DQG�RWKHU�UH�

QHZDEOH�HQHUJ��DUH�WKH�IXWXUH�HQHUJ��DGYRFDWHG�E��6KDQ�

GRQJ�3URYLQFH��7KH�WRWDO� FRQVXPSWLRQ�DQG�FRQVXPSWLRQ�

SURSRUWLRQ�KDYH�LQFUHDVHG��HDU�E���HDU��7KH�FRQVXPSWLRQ�

SURSRUWLRQ�RI�QDWXUDO�JDV�KDV�LQFUHDVHG�IURP������LQ������

WR������� LQ�������ZKLOH�WKH�FRQVXPSWLRQ�SURSRUWLRQ�RI�

HOHFWULF�SRZHU�DQG�RWKHU�HQHUJ��KDV�LQFUHDVHG�IURP������

in�2011�3to�1.87%�in�2016.�The�change�of�the�data�re�ects�

WKH�SROLF��RULHQWDWLRQ�RI�HQHUJ��FRQVXPSWLRQ�LQ�6KDQGRQJ�

3URYLQFH��,Q�WKH�ORQJ� UXQ��ZLWK�WKH�GHYHORSPHQW�RI�VRODU�

HQHUJ�� WHFKQRORJ��DQG�ELR�SRZHU�JHQHUDWLRQ�WHFKQRORJ���

HOHFWULF�SRZHU�DQG�RWKHU� UHQHZDEOH� ORZ�FDUERQ�HQHUJ��

ZLOO�JUDGXDOO��UHSODFH�WKH�VKDUH�RI�UDZ�FRDO�DQG�FUXGH�RLO�

LQ�WKH�HQHUJ��FRQVXPSWLRQ�RI�6KDQGRQJ�3URYLQFH��$W�WKH�

VDPH�WLPH��6KDQGRQJ�3URYLQFH�KDV�D�KLJK�SURSRUWLRQ�RI�

KHDY��LQGXVWU��DQG�FKHPLFDO�LQGXVWU��LQ�WKH�GHYHORSPHQW�

RI�LQGXVWULDO�VWUXFWXUH��DQG� WKHVH� LQGXVWULHV�KDYH�D�YHU��

KLJK�HQHUJ��FRQVXPSWLRQ�V�VWHP��PRUHRYHU��6KDQGRQJ�

3URYLQFH�V�HFRQRPLF�JURZWK�DQG�OLIH�UK�WKP�DUH�H[WUHPH�

O��UDSLG�� WKHVH�DVSHFWV�PDNH�6KDQGRQJ�3URYLQFH�V�SURE�

OHPV�RI�KLJK�HQHUJ��FRQVXPSWLRQ��KLJK�SROOXWLRQ�DQG�KLJK�

HPLVVLRQ�PRUH�VHULRXV�WKDQ�RWKHU�SURYLQFHV>��@�

2.2�The�Current�Situation�of�Carbon�Emission�in�
Shandong�Province

$V�DQ�DXWKRULWDWLYH�RUJDQL]DWLRQ�RI�ORZ�FDUERQ�HFRQRPLF�

UHVHDUFK�� WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�FOLPDWH�FKDQJH�

SRLQWHG�RXW�LQ�LWV�UHVHDUFK�UHSRUW�WKDW�WKH�ODUJH�XVH�RI�IRVVLO�

IXHOV�LV�WKH�PDLQ�UHDVRQ�IRU�WKH�LQFUHDVH�RI�FDUERQ�HPLV�

VLRQV>�@��7KHUHIRUH��WKH�FDOFXODWLRQ�RI�FDUERQ�HPLVVLRQV�LQ�

DFDGHPLF�FLUFOHV�JHQHUDOO��IRFXVHV�RQ� WKH�FDOFXODWLRQ�RI�

HQHUJ��FRQVXPSWLRQ��,Q�WKLV�VWXG���WKH�FDUERQ�HPLVVLRQ�RI�

6KDQGRQJ�3URYLQFH�LV�FDOFXODWHG�E��PXOWLSO�LQJ�WKH�FRQ�

VXPSWLRQ�RI�FRDO��RLO� DQG�QDWXUDO�JDV�E�� WKHLU�UHVSHFWLYH�

coef�cients.�The�formula�is�as�follows:�

,Q�WKH�DERYH� IRUPXOD��(�LV�UHSUHVHQWV�WKH�WRWDO� FDUERQ�

HPLVVLRQ��WRQ���(,�UHSUHVHQWV�WKH�FDUERQ�HPLVVLRQ��WRQ��RI�

FODVV�,�HQHUJ���&�UHSUHVHQWV�WKH�WRWDO�HQHUJ��FRQVXPSWLRQ�

�WRQ�RI�VWDQGDUG�FRDO���&,�UHSUHVHQWV�WKH�FRQVXPSWLRQ�RI�

FODVV�,�HQHUJ���WRQ�RI�VWDQGDUG�FRDO���5,�UHSUHVHQWV�WKH�SUR�

SRUWLRQ�RI�FODVV�,�HQHUJ�������&RHL�UHSUHVHQWV�WKH�HPLVVLRQ�

FRHIILFLHQW��WRQ��� WRQ�RI�VWDQGDUG�FRDO��RI�FODVV�,� HQHUJ���

DQG�WKH�FDUERQ�HPLVVLRQ�FRHIILFLHQW�JLYHQ�E�� ,3&&� LV�

VKRZQ�LQ�7DEOH���EHORZ�

Table�1.�Emission�coef�cients�of�different�energy�sources�
�,3&&�>�@

Energy�types 5DZ�FRDO� &UXGH�RLO� �1DWXUDO�JDV� (OHFWULFLW�

Discharge�coef�cient ������ ������ ������ �

6KDQGRQJ�3URYLQFH�V�HFRQRPLF�GHYHORSPHQW�LV� LQ�WKH�

IRUHIURQW�RI� WKH�FRXQWU��� LQGXVWULDOL]DWLRQ��XUEDQL]DWLRQ�

OHYHO� LV� FRQVWDQWO�� LPSURYLQJ�� ,Q� WKLV�SURFHVV�� WKH�FRQ�

VXPSWLRQ�RI�UHVRXUFHV�LV�KXJH��HQYLURQPHQWDO�GHJUDGDWLRQ�

DQG�RWKHU�LVVXHV�EHFRPH�PRUH�DQG�PRUH�LPSRUWDQW��6KDQ�

GRQJ�3URYLQFH�LV�D�SURYLQFH�ZLWK�ODUJH�HQHUJ��FRQVXPS�

WLRQ�DQG�FDUERQ�HPLVVLRQ��$FFRUGLQJ� WR�WKH�FDOFXODWLRQ��

WKH�WRWDO�FDUERQ�HPLVVLRQ�RI�6KDQGRQJ�3URYLQFH�LQFUHDVHG�

IURP�������PLOOLRQ� WRQV�WR�������PLOOLRQ� WRQV�LQ������

������ZLWK�DQ�DYHUDJH�DQQXDO�JURZWK�UDWH�RI��������WKH�

SHU�FDSLWD�FDUERQ�HPLVVLRQ� LQFUHDVHG�IURP������WRQV�WR�

������ WRQV��DFFRUGLQJ�WR� WKH�6KDQGRQJ�6WDWLVWLFDO�<HDU�

ERRN�SXEOLVKHG� LQ��������,Q�WHUPV�RI�HQHUJ��W�SHV�� FRDO�

VWLOO�DFFRXQWV�IRU�WKH�PDMRULW��RI�WRWDO�FDUERQ�HPLVVLRQV�LQ�

6KDQGRQJ�3URYLQFH��LQ�������WKH�WRWDO�FRQVXPSWLRQ�RI�UDZ�

FRDO�DQG�FUXGH�RLO�LQ�6KDQGRQJ�3URYLQFH�UHDFKHG���������

ZKLOH�UDZ�FRDO�DQG�FUXGH�RLO�DUH�UHFRJQL]HG�DV�KLJK�FDU�

ERQ�HPLVVLRQ�HQHUJ����7KHUHIRUH��6KDQGRQJ�3URYLQFH�

IDFHV�JUHDW�FKDOOHQJHV� LQ� HPLVVLRQ� UHGXFWLRQ��2I�FRXUVH��

DOWKRXJK�WKH�FXUUHQW�FDUERQ�HPLVVLRQ�RI�6KDQGRQJ�3URY�

LQFH� LV�TXLWH�FRQVLGHUDEOH��ZH� VKRXOG�DOVR�VHH� WKDW�ZLWK�

WKH�GHYHORSPHQW�RI�QHZ�HQHUJ��DQG�WKH�ZLGH�XVH�RI�QHZ�

WHFKQRORJLHV�� WKH�FDUERQ�HPLVVLRQ�LV�JUHDWO��UHGXFHG��DQG�

'2,��KWWSV���GRL�RUJ����������MIU�Y�L������
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ZH�VWLOO�KDYH�WKH�DELOLW��WR�DFKLHYH�WKH�WDUJHW�PHQWLRQHG�LQ�

WKH���WK�)LYH�<HDU�3ODQ��WKH�FDUERQ�HPLVVLRQ�SHU�XQLW�*'3�

E�������LV�����ORZHU�WKDQ�WKDW�LQ�����>�@�

3.�Establish� a�Comprehensive�Evaluation�
Index�System�and�Model� for�Low-Carbon�
Economy

3.1�Comprehensive�Evaluation�Index�System

&RPSUHKHQVLYH�DQG�EDODQFHG�FRQVLGHUDWLRQ�RI� ORZ�FDU�

ERQ�GHYHORSPHQW� LQ�HFRQRP��� UHVRXUFHV�� HQYLURQPHQW��

WHFKQRORJ��DQG�RWKHU�DVSHFWV�LV�WKH�FRUH�WR�MXGJH�WKH�OHY�

HO�RI� ORZ�FDUERQ�HFRQRPLF�GHYHORSPHQW�LQ�D�FRXQWU��RU�

UHJLRQ�>��@��7KH�LQGH[�V�VWHP�VKRXOG�QRW�RQO��FRQVLGHU�WKH�

ZLGHO��DFFHSWHG�DQG�XVHG� LQGH[HV� LQ� WKH�FXUUHQW� WKHRU��

DQG�SUDFWLFH��EXW�DOVR�FRQVLGHU� WKH�HFRQRPLF�GHYHORS�

ment�status�of�countries�or�regions,�re�ecting�their�work�

IRU�WKH�WUDQVLWLRQ�WR�D�ORZ�FDUERQ�HFRQRP���%DVHG�RQ�WKH�

DERYH�FRQVLGHUDWLRQV�� WKLV� VWXG��HVWDEOLVKHV�D�FRPSUH�

KHQVLYH�HYDOXDWLRQ�LQGH[�V�VWHP�RI�ORZ�FDUERQ�HFRQRP��

IURP� WKUHH�OHYHOV�� WDUJHW� OHYHO�� FULWHULRQ�OHYHO�DQG� LQGH[�

level.�The�target�layer�should�re�ect�the�idea�of�sustain�

DEOH�GHYHORSPHQW�DQG�WKH�GHJUHH�RI�ORZ�FDUERQ�HFRQRP�

LF�GHYHORSPHQW�WR�EH�DFKLHYHG�XQGHU�WKH�JXLGDQFH�RI�WKH�

LGHD�� WKH�FULWHULD�OD�HU� LQFOXGHV� IRXU� OHYHOV�� ORZ�FDUERQ�

HFRQRPLF� LQGLFDWRUV�� ORZ�FDUERQ� HQHUJ�� LQGLFDWRUV��

ORZ�FDUERQ�HFRORJLFDO�LQGLFDWRUV�DQG�ORZ�FDUERQ�WHFKQL�

FDO� LQGLFDWRUV�� LQ�GLIIHUHQW�FULWHULD� OD�HUV�� LQGLFDWRUV�DUH�

VHOHFWHG�DURXQG� WKHLU�REMHFWLYHV�� DQG� WKHQ� WKH� VSHFLILF�

LQGLFDWRUV�DUH�VHOHFWHG�E��WKH�H[SHUW�JURXS��D�WRWDO�RI�����

7KH� LQGH[�V�VWHP�IXOO��UHIHUV� WR� WKH�SUHYLRXV�UHVHDUFK�

FRQFOXVLRQV��ZKLFK� FDQ�FRPSUHKHQVLYHO�� UHIOHFW� WKH�

LQWHQVLW��DQG�WUHQG�RI�UHJLRQDO�ORZ�FDUERQ�HFRQRPLF�GH�

YHORSPHQW��DQG�FDQ�DOVR�EH�XVHG�IRU�WKH�KRUL]RQWDO�FRP�

SDULVRQ�RI�UHJLRQDO�ORZ�FDUERQ�GHYHORSPHQW�ZLWK�RWKHU�

UHJLRQV�� VR�LW�KDV�VWURQJ�WKHRUHWLFDO�DQG�SUDFWLFDO�YDOXH�

�VHH�7DEOH���IRU�UHOHYDQW�LQGLFDWRUV�

3.1.1�Indicators�Re�ecting�Low�Carbon�Economy

6XVWDLQDEOH�GHYHORSPHQW�LV�WKH�VWUDWHJLF�JRDO�RI�ORZ�FDU�

ERQ�HFRQRPLF�GHYHORSPHQW��7KLV� LQGH[�FRYHUV� VL[� LQ�

GH[HV��*'3�SHU�FDSLWD�GHVFULEHV� WKH�DEVROXWH� OHYHO�RI�

HFRQRPLF�GHYHORSPHQW��*'3�JURZWK�GHVFULEHV�WKH�UHOD�

WLYH�OHYHO�RI�HFRQRPLF�GHYHORSPHQW��ZKLFK�PHDVXUHV�WKH�

FXUUHQW� VLWXDWLRQ�RI�HFRQRPLF�GHYHORSPHQW�IURP�GLIIHU�

HQW�SHUVSHFWLYHV�� LQGXVWULDO�VWUXFWXUH� LV�PHDVXUHG�E�� WKH�

proportion�of�tertiary�industry�in� this�study� to�re�ect� the�

PRGH�RI�HFRQRPLF�JURZWK��FDUERQ�SURGXFWLYLW��LV�PHD�

VXUHG�E��WKH�RXWSXW�YDOXH�RI�FDUERQ�HPLVVLRQ�SHU�XQLW� WR�

re�ect�the�ef�ciency�of�energy�consumption.�Urbanization�

index�re�ects�people’s�life�style;�Engel�coef�cient�is�used�

WR�PHDVXUH�SHRSOH�V� OLYLQJ�DIIOXHQFH�DQG�UHSUHVHQWV�WKH�

FRQVXPSWLRQ�VWUXFWXUH�RI�QRQ�LQGXVWULDO�JURXSV�

3.1.2�Indicators�Re�ecting�Low�Carbon�Energy

(QHUJ��XWLOL]DWLRQ�ZLOO�GLUHFWO��DIIHFW�WKH�OHYHO�RI�FDUERQ�

HPLVVLRQV��VR�WKLV�VWXG��XVHV�ORZ�FDUERQ�HQHUJ��LQGLFDWRUV�

WR�PHDVXUH�WKH�HQHUJ��XWLOL]DWLRQ�RI�D�UHJLRQ��DQG�WKHQ�GH�

WHUPLQHV�WKH�LPSOHPHQWDWLRQ�HIIHFW�RI�ORZ�FDUERQ�HFRQR�

my.�Speci�cally,�it�includes�six�indicators:�the�total�energy�

FRQVXPSWLRQ�GHVFULEHV�WKH�WRWDO�DPRXQW�RI�YDULRXV�HQHUJ��

FRQVXPHG�E�� WKH�PDWHULDO� DQG�QRQ�PDWHULDO� VHFWRUV� LQ�

6KDQGRQJ�3URYLQFH��PHDVXUHG�LQ�������WRQV�RI�VWDQGDUG�

FRDO��WKH�SURSRUWLRQ�RI�FRDO� FRQVXPSWLRQ� LV� OLVWHG�VHSD�

UDWHO��EHFDXVH�WKH�XWLOL]DWLRQ�UDWH�RI�FRDO�LV�QRW�KLJK��WKH�

SROOXWLRQ�LV�VHULRXV��DQG�LW�LV�WKH�PDLQ�HQHUJ��LQ�6KDQGRQJ�

3URYLQFH��WKH�SURSRUWLRQ�RI�UHQHZDEOH�HQHUJ��FRQVXPS�

WLRQ�LV�WKH�UHODWLYH�OHYHO�RI�]HUR�FDUERQ�HQHUJ��FRQVXPS�

WLRQ�� DPRQJ�ZKLFK� WKH� UHQHZDEOH�HQHUJ��FRQVXPSWLRQ�

DFFRXQWV� IRU� WKH� UHODWLYH� OHYHO�RI� ]HUR�FDUERQ� HQHUJ��

FRQVXPSWLRQ��(QHUJ��PDLQO��UHIHUV�WR�HOHFWULF�SRZHU�DQG�

other�energy�sources;�energy�carbon�emission�coef�cient�

re�ects� the�difference�of�energy�consumption�structure�in�

GLIIHUHQW�UHJLRQV�DV�D�ZKROH��HQHUJ��FRQYHUVLRQ� UDWH� UH�

IHUV�WR�WKH�HFRQRPLF�RXWSXW�SHU�XQLW�HQHUJ��FRQVXPSWLRQ��

which�measures�energy�consumption�ef�ciency;�per�capita�

carbon�emission�re�ects�per�capita�consumption�of�carbon�

HPLVVLRQ�TXDQWLW���ZKLFK�FDQ�PRUH�GLUHFWO��PHDVXUH�UH�

JLRQDO�HPLVVLRQ�OHYHO�

3.1.3�Indicators�Re�ecting�Low�Carbon�Ecology

7KLV�VWXG��XVHG�ORZ�FDUERQ�HFRORJLFDO� LQGLFDWRUV�WR�PHD�

VXUH�UHJLRQDO�HFRORJLFDO�TXDOLW��RXWFRPHV��7KH�LQGLFDWRU�LV�

PHDVXUHG�E��IRXU�VPDOO� LQGLFDWRUV��VPRNH��SRZGHU��GXVW�

HPLVVLRQV�DUH�XVHG�WR�PHDVXUH�WKH�HQYLURQPHQWDO�GDPDJH�

RI�LQGXVWULDO�SROOXWDQWV��7KH�GLUHFW�UHVXOW�RI�GXVW�SROOXWLRQ�

LV�WKDW� WKH�QXPEHU�RI�KD]H�GD�V�ZLOO�LQFUHDVH��IRUHVW�DQG�

JUHHQ�ODQG�DUH�FDUERQ�DEVRUEHUV�DQG�FRQYHUWHUV��ZLWK�KLJK�

IRUHVW� FRYHUDJH�� LQGLFDWLQJ�WKDW� WKH� VWURQJHU� WKH�DUHD�V�

DELOLW�� WR�DEVRUE�DQG�VWRUH�FDUERQ�GLR[LGH�� WKDW� LV�� WKH�

KLJKHU� WKH�DUHD�V�FDUERQ�VLQN�FDSDFLW���SHU�FDSLWD�DIIRU�

estation�area�re�ects� the�human�initiative�to�promote�the�

WUDQVLWLRQ�WR�D� ORZ�FDUERQ�HFRQRP��LQLWLDWLYH�7KH�KLJKHU�

WKH�LQGLFDWRU��WKH�PRUH�HIIRUWV�DUH�PDGH�� LQ� WKH�FXUUHQW�

VLWXDWLRQ�RI�UHVRXUFH�VKRUWDJH�� WKH�UHF�FOLQJ�RI�LQGXVWULDO�

VROLG�ZDVWH�FDQ� WDNH� LQWR�DFFRXQW� WKH�GXDO�REMHFWLYHV�RI�

HFRQRP��DQG�HFRORJ���7KH�KLJKHU�WKH�XWLOL]DWLRQ�UDWH��WKH�

JUHDWHU�WKH�SRWHQWLDO� IRU� VXVWDLQDEOH�HFRQRPLF�GHYHORS�

PHQW��7KH�SUREDELOLW��RI�D�VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�D�

ORZ�FDUERQ�HFRQRP��LV�JUHDWHU�

'2,��KWWSV���GRL�RUJ����������MIU�Y�L������
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3.1.4�Indicators�Re�ecting�Low�Carbon�Technology

7KLV�VWXG��XVHV�ORZ�FDUERQ�WHFKQRORJ��LQGLFDWRUV�WR�PHDVXUH�

WKH�WHFKQLFDO�FRQGLWLRQV�IRU�WKH�LPSOHPHQWDWLRQ�RI�ORZ�FDU�

ERQ�HFRQRP���ZKLFK�GHWHUPLQH�WKH�GHYHORSPHQW�SRWHQWLDO�

DQG�VSHHG�RI�ORZ�FDUERQ�HFRQRP��LQ�WKH�UHJLRQ��7KHUH�DUH�

four�detailed�indicators:�the��rst�indicator�is� the�investment�

rate�of�R&D�funds,�which�re�ects�the�potential�of�regional�

WHFKQRORJLFDO�LQQRYDWLRQ��WKH�VHFRQG�LQGLFDWRU�LV�WKH�DPRXQW�

of�patent�authorization,�which�re�ects�the�reserve�of�low-car�

ERQ�WHFKQRORJ���DQG�SDWHQWV�DUH�PRUH�FRPSHWLWLYH��ZKLFK�

VKRZV�WKH�DFKLHYHPHQWV�LQ�WKH�SURFHVV�RI� WUDQVLWLRQ�WR�D�

ORZ�FDUERQ�HFRQRP���WKH�WKLUG�LQGLFDWRU�LV�WKH�SURSRUWLRQ�RI�

IL[HG�DVVHWV�LQYHVWPHQW�LQ�ORZ�FDUERQ�LQGXVWU��LQ�WKH��HDU��

&KLQD�V�WRWDO�LQYHVWPHQW��7KHUH�DUH�PDQ��W�SHV�RI�LQGXVWULHV�

LQ�WKH�<HDUERRN��DPRQJ�ZKLFK�WKH�WHFKQRORJ��LQGXVWU��ZLWK�

]HUR�FDUERQ�HPLVVLRQ�DQG�LWV�GHYHORSPHQW�SURPRWLQJ�WKH�

LPSOHPHQWDWLRQ�RI�ORZ�FDUERQ�HFRQRP��LV�VHOHFWHG��,Q�WKLV�

paper,�it�is�classi�ed�as�low-carbon�industry,�mainly�includ�

LQJ�LQIRUPDWLRQ�WHFKQRORJ��LQGXVWU���ILQDQFLDO�LQGXVWU��DQG�

VFLHQFH�DQG�WHFKQRORJ��VHUYLFH�LQGXVWU���7KH�DQQXDO�IL[HG�

asset� investment�proportion�of�low-carbon�industry�re�ects�

WKH�JRYHUQPHQW�V�DWWHQWLRQ�WR�WKH�WUDQVIRUPDWLRQ�RI�ORZ�FDU�

ERQ�HFRQRP���7KH�ODUJHU�WKH�SURSRUWLRQ�LV��WKH�VWURQJHU�WKH�

UHJLRQDO�ORZ�FDUERQ�LQQRYDWLRQ�DELOLW��LV��WKH�IRXUWK�LQGLFDWRU�

is�the�number�of�practitioners�in�the�scienti�c�research�and�

WHFKQRORJ��LQGXVWU���ZKLFK�LV�WKH�GULYLQJ�IRUFH�RI�ORZ�FDUERQ�

WHFKQRORJ��UHVHDUFK�DQG�GHYHORSPHQW��7KH�PRUH�WKH�QXP�

EHU�LV��WKH�KLJKHU�WKH�VXFFHVV�UDWH�RI�ORZ�FDUERQ�WHFKQRORJ��

DGRSWLRQ�LV�

3.2�Model�Establishment

,W � LV � DVVXPHG� WKDW� WKHUH� D UH � P� HYDOXD WLRQ� XQ LW V�

LQ � WK H � ORZ� FD UERQ � HFRQRP�

Table�2.�(YDOXDWLRQ�LQGH[�V�VWHP�RI�UHJLRQDO�ORZ�FDUERQ�HFRQRPLF�GHYHORSPHQW

Arget�layer
�UL��ULR��

layer
Index�layer Code Index�Interpretation Direction�of�action

(YDOXDWLRQ�
LQGH[�V�VWHP�
RI�UHJLRQDO�
ORZ�FDUERQ�
HFRQRPLF�

GHYHORSPHQW

/RZ�FDUERQ�
HFRQRPLF�
LQGLFDWRUV

*'3�SHU�FDSLWD $� <XDQ���SHUVRQ 3

*'3�JURZWK $� � 3

,QGXVWULDO�VWUXFWXUH $� ���SURSRUWLRQ�RI�WHUWLDU��LQGXVWU� 3

&DUERQ�SURGXFWLYLW� $�
�������XDQ���WRQ��RXWSXW�YDOXH�SHU�XQLW�RI�FDUERQ�

HPLVVLRQ
3

8UEDQL]DWLRQ�OHYHO $� ���SURSRUWLRQ�RI�XUEDQ�SRSXODWLRQ 3

Engel�coef�cient $�
�)RRG�H[SHQGLWXUH�DV�D�SURSRUWLRQ�RI�WRWDO�FRQ�

VXPSWLRQ�H[SHQGLWXUH
1

/RZ�FDUERQ�
HQHUJ��LQGL�

FDWRUV

7RWDO�HQHUJ��FRQVXPSWLRQ %� 7HQ�WKRXVDQG�WRQV�VWDQGDUG�FRDO 1

3URSRUWLRQ�RI�FRDO�FRQVXPSWLRQ %� � 1

3URSRUWLRQ�RI�UHQHZDEOH�HQHUJ��
FRQVXPSWLRQ

%�
���(OHFWULFLW��DQG�RWKHU�HQHUJ��DFFRXQWV�IRU�WKH�

SURSRUWLRQ�RI�WRWDO�HQHUJ��FRQVXPSWLRQ
3

Energy�carbon�emission�coef��
FLHQW

%�
7RQV���WRQ�RI�VWDQGDUG�FRDO��FDUERQ�HPLVVLRQV�DV�D�

SURSRUWLRQ�RI�WRWDO�HQHUJ��FRQVXPSWLRQ
1

(QHUJ��FRQYHUVLRQ�UDWH %�
�������XDQ���WRQ�RI�VWDQGDUG�FRDO��RXWSXW�YDOXH�

JHQHUDWHG�E��XQLW�HQHUJ��FRQVXPSWLRQ
3

3HU�FDSLWD�FDUERQ�HPLVVLRQV %� 7RQV���SHUVRQ 1

/RZ�FDUERQ�
HFRORJLFDO�
LQGLFDWRUV

6PRNH��SRZGHU��GXVW�HPLVVLRQ &� 7HQ�WKRXVDQG�WRQV 1

IRUHVW�FRYHUDJH &� � 3

$IIRUHVWDWLRQ�DUHD�SHU�FDSLWD
&�

+HFWDUH���������SHRSOH��DYHUDJH�DQQXDO�DIIRUHVWDWLRQ�
DUHD�SHU�SHUVRQ

3

(IIHFWLYH�XWLOL]DWLRQ�UDWH�RI�LQGXV�
WULDO�VROLG�ZDVWH

&� � 3

/RZ�FDUERQ�
WHFKQLFDO�
LQGLFDWRUV

5�'�LQYHVWPHQW�UDWH '�
�5�'�H[SHQGLWXUH�RI�(QWHUSULVHV�DERYH�'HVLJQDWHG�

6L]H�DFFRXQWV�IRU�WKH�SURSRUWLRQ�RI�*'3
3

3DWHQW�DXWKRUL]DWLRQ '�
7HQ�WKRXVDQG��DQG�WKH�QXPEHU�RI�YDOLG�SDWHQWV�

DSSURYHG�LQ�WKDW��HDU
3

3URSRUWLRQ�RI�ORZ�FDUERQ�WHFKQRO�
RJ��LQSXW

'�

%The�proportion�of�the�total�investment�in��xed�
assets�of�the�information�industry,��nancial�industry�
and�scienti�c�research�service�industry�in�the�current�

�HDU

3

Number�of�employees�in�scienti�c�
UHVHDUFK�DQG�WHFKQRORJ��LQGXVWU�

'�
������SHRSOH��DQQXDO�HTXLYDOHQW�RI�5�'�SHUVRQQHO�

LQ�(QWHUSULVHV�DERYH�'HVLJQDWHG�6L]H
3

�R�����3�LQGLFDWHV�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�WKLV�LQGH[�DQG�WKH�HYDOXDWLRQ�HIIHFW��1�LQGLFDWHV�D�QHJDWLYH�UHODWLRQVKLS�EHWZHHQ�WKLV�LQGH[�DQG�WKH�
HYDOXDWLRQ�HIIHFW�
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LF� HYDOXDWLRQ� V�VWHP�� LQFOXGLQJ� Q� HYDOXDWLRQ� LQGH[�

HV �� 6HW� WKH� HYDOXDWLRQ� PDWUL[�

DV �ZKHUH� LV�WKH�DWWULEXWH�YDOXH�RI�WKH�

�WK�HYDOXDWLRQ�XQLW�XQGHU�WKH� �WK� LQGH[��7KHQ�WKH�HYDOX�

DWLRQ�VWHSV�EDVHG�RQ�(QWURS��:HLJKW�*UH��5HODWLRQ�723�

6,6�DUH�DV�IROORZV�

3.2.1�Determine�the�Normalization�Matrix

%HFDXVH�RI�WKH�GLIIHUHQFH�LQ�GLPHQVLRQ��RUGHU�RI�PDJQL�

WXGH�DQG�SRVLWLYH�DQG�QHJDWLYH�RULHQWDWLRQ�RI�HDFK�LQGH[��

WKH�UDQJH�PHWKRG�LV�XVHG�WR�QRUPDOL]H�WKH�REWDLQHG�RULJL�

QDO�GDWD��DQG�WKH�VWDQGDUG�PDWUL[�LV�VHW�DV �

)RU�SRVLWLYH�LQGLFDWRUV�

�

)RU�QHJDWLYH�LQGLFDWRUV�

�

������0HDVXULQJ�3RVLWLYH�DQG�1HJDWLYH�,GHDO�9DOXHV

$FFRUGLQJ� WR� WKH�HQWURS��ZHLJKW�PHWKRG�� WKH� LQGH[�

ZHLJK W � � IX U WKHUPRUH �� WKH � QRU �

PDOL]HG�GHFLVLRQ�PDWUL[�RI� WKH�ZHLJKW�FDQ�EH�GHILQHG�

DV �� LQ� ZKLFK ��

WKH�SRVLWLYH�DQG�QHJDWLYH�LGHDO�VROXWLRQV�RI�WKH�ZHLJKWHG�

QRUPDOL]HG�PDWUL[�FDQ�EH�GHWHUPLQHG�DIWHU� IXUWKHU�GDWD�

DQDO�VLV�

�

LQ�ZKLFK

� �

3.2.3�Calculate�the�Grey�Correlation�Degree

In�each�evaluation�index,�the�grey�correlation�coef�cient�

PDWUL[�EHWZHHQ� WKH�DFWXDO�YDOXH�DQG� WKH�LGHDO�YDOXH�FDQ�

EH�REWDLQHG�DIWHU� FDOFXODWLRQ��7KH�FRUUHODWLRQ�PDWUL[�RI�

SRVLWLYH�LGHDO�VROXWLRQ�DQG�QHJDWLYH�LGHDO�VROXWLRQ�FDQ�EH�

de�ned�as �� ZKHUH�

,Q�WKH�DERYH�IRUPXOD�� ��� �ρ ∈ ∞ � LV�WKH�UHVROXWLRQ�FR�
ef�cient�between�the�actual�value�and�the�ideal�solution;�

WKH�YDOXH�RI ρ �LV�LQYHUVHO��SURSRUWLRQDO�WR�WKH�UHVROXWLRQ��
DQG�WKH�QRUPDO�YDOXH�UDQJH�LV���������,Q�DFWXDO�RSHUDWLRQ��

the�value�can�be�taken�according�to�the�speci�c�situation,�

JHQHUDOO� ���ρ = �
7KHQ�FDOFXODWH� WKH�JUH��FRUUHODWLRQ�GHJUHH�EHWZHHQ�

HDFK�HYDOXDWLRQ�LQGH[�DQG�SRVLWLYH�DQG�QHJDWLYH� LGHDO�

VROXWLRQ� � �

3.2.4�Analyze�the�Distance�Between�Evaluation�
Scheme�and�Ideal�Scheme

7KH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ� WKH� UHDO�FRUUHODWLRQ�

GHJUHH�RI�HDFK�HYDOXDWLRQ�LQGH[�DQG�WKH�SRVLWLYH�DQG�QHJ�

DWLYH�LGHDO�VROXWLRQV�ZDV�FDOFXODWHG LG
+
� LG

−
�

�

'LPHQVLRQOHVV� WUHDWPHQW� LV�PDGH�IRU�WKH�FRUUHODWLRQ�

GHJUHH� LMU
+
�� LMU

−
�DQG�WKH�(XFOLGHDQ�GLVWDQFH�

LG
+ �

LG
− �UH�

VSHFWLYHO��

�

� � �

7KHQ��FRPELQLQJ�WKH�(XFOLGHDQ�GLVWDQFH�DQG� WKH�FRU�

UHODWLRQ�GHJUHH��ZH�JHW�WKH�IROORZLQJ�UHVXOWV�

� � �

:KHUH�α DQG� β � re�ect� the�evaluator’s�preference�for�

SRVLWLRQ�DQG�VKDSH��DQG� � >���@α β ∈ � �α β+ = ��'HFLVLRQ�
PDNHUV�FDQ�GHWHUPLQH�α DQG�α �YDOXHV�DFFRUGLQJ�WR�WKHLU�

SUHIHUHQFHV��
+

6L V�QWKHWLFDOO�� UHIOHFWV�WKH�DSSURDFK�GH�
JUHH�RI�HYDOXDWLRQ�LQGH[�DQG�LGHDO�VFKHPH��DQG�WKH�KLJKHU�

WKH�YDOXH�LV��WKH�EHWWHU�WKH�VFKHPH�GHJUHH�LV��
−

6L V�QWKHWL�
cally�re�ects�the�distance�degree�between�evaluation�index�

DQG�LGHDO�VFKHPH�� DQG�WKH�KLJKHU� WKH�YDOXH�LV�� WKH�ZRUVH�

WKH�VFKHPH�GHJUHH�LV�

3.2.5�Calculate� the�Relative�Closeness�of�Each�
Scheme�and�Get�the�Evaluation�Value

7KH�UHODWLYH�FORVHQHVV�RI�HDFK�VFKHPH�FDQ�EH�FDOFXODW�

'2,��KWWSV���GRL�RUJ����������MIU�Y�L������
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HG�DV �� ��7KH�FDOFXODWHG�

YDOXH�RI�UHODWLYH�FORVHQHVV�LV�GLUHFWO��SURSRUWLRQDO�WR�WKH�

HYDOXDWLRQ�HIIHFW�� WKDW� LV�� WKH�JUHDWHU�WKH�YDOXH�� WKH�EHW�

WHU� WKH�HIIHFW��DQG� WKH�EHWWHU� WKH�HYDOXDWLRQ�HIIHFW�RI� WKH�

VFKHPH��RWKHUZLVH��WKH�OHVV�LGHDO�WKH�HIIHFW>��@��

4.�An�Empirical�Analysis�of�the�Development�
of�Low�Carbon�Economy�in�Shandong�Prov-
L�F�

7KH�DERYH�PHQWLRQHG�FRPSUHKHQVLYH�HYDOXDWLRQ�LQGH[�

V�VWHP�DQG�HYDOXDWLRQ�PRGHO�DUH�XVHG�WR�DQDO�]H�WKH�VLW�

XDWLRQ�RI�6KDQGRQJ�3URYLQFH�LQ�������������VHH�7DEOH���

IRU�FDOFXODWLRQ�UHVXOWV�

Table�3.�6KDQGRQJ�3URYLQFH��HYDOXDWLRQ�LQGH[�GDWD�RI�ORZ�
FDUERQ�HFRQRP�������������

8�L� �� �� �� �� �� �� B1 B2 B3 B4

���� �������� ���� ������ ���� ������ ������ �������� ���� ���� �����

���� �������� ���� ������ ���� ������ ������ �������� ���� ����� �����

���� �������� ���� ������ ���� ������ ������ �������� ���� ���� �����

���� �������� ���� ������ ���� ������ ������ �������� ���� ���� �����

���� �������� ���� ������ ���� ������ ������ �������� ���� ���� �����

8�L� B5 B6 �� �� �� �� �� �� �� ��

���� ���� ���� ���� ���� ������ ����� ����� ������ ���� �����

���� ���� ���� ���� ���� ������ ����� ����� ������ ���� �����

���� ���� ���� �� ����� ������ ����� ����� ������ ���� �����

���� ���� ����� ���� ����� ������ ����� ����� ������ ���� �����

���� ���� ���� ���� ����� ������ ����� ����� ������ ���� �����

�D�D��R�������6KDQGRQJ�6WDWLVWLFDO�<HDUERRN�������������

(QWURS��ZHLJKW�PHWKRG�LV�D�NLQG�RI�REMHFWLYH�ZHLJKW�

PHWKRG�ZLWK�PDWXUH� SULQFLSOH��7KH�ZHLJKW� LV� FDOFX�

ODWHG�DFFRUGLQJ� WR� UHOHYDQW� LQIRUPDWLRQ��7KH� VSHFLI�

LF�FDOFXODWLRQ� SURFHVV� LV� DV� IROORZV��/HW� WKH�HQWURS��

RI � WKH � M� WK � LQGH[ � EH � �� ZKHUH�

�� ��DVVXPLQJ� LV�

���WKHQ�WKH�HQWURS��ZHLJKW�RI�WKH�M�WK�LQGH[�LV�

���7KH�ZHLJKW�YDOXH�RI�HDFK�

HYDOXDWLRQ�LQGH[�DIWHU�FDOFXODWLRQ�LV�VKRZQ�LQ�7DEOH���

Table�4.�6KDQGRQJ�3URYLQFH�V�ZHLJKW�WDEOH�RI�ORZ�FDUERQ�
HFRQRPLF�HYDOXDWLRQ�LQGH[HV������������

index �� �� �� �� �� �� B1 B2 B3 B4

ZHLJKW ������ ������ ������ ������ ������ ������ ������ ������ ������ ������

index B5 B6 �� �� �� �� �� �� �� ��

ZHLJKW ������� ������ ������ ������ ������ ������ ������ ������ ������ ������

)URP�WKH�LQIRUPDWLRQ�JLYHQ�LQ�WKH�DERYH�WDEOH��ZH�FDQ�

GUDZ� WKH�FRQFOXVLRQ�WKDW� WKHUH� LV�OLWWOH�GLIIHUHQFH� LQ�WKH�

weight�of�indicators;�after�ranking,�we�can��nd�that�indi�

FDWRUV�'���SURSRUWLRQ�RI� ORZ�FDUERQ�WHFKQRORJ�� LQSXW���

&�� �HIIHFWLYH�XWLOL]DWLRQ� UDWH�RI�LQGXVWULDO� VROLG�ZDVWH���

$���*'3�SHU�FDSLWD���%���WRWDO�HQHUJ��FRQVXPSWLRQ��KDYH�

UHODWLYHO�� ODUJH�ZHLJKW�YDOXHV��ZKLFK�DUH���������������

������DQG�������UHVSHFWLYHO��� LQGLFDWLQJ� WKH� OHYHO�RI�

ORZ�FDUERQ� WHFKQRORJ��DQG� FDUERQ��)RUHLJQ�H[FKDQJH�

FRQVWUXFWLRQ��HQHUJ��HQGRZPHQW�DQG�KXPDQ�OLIHVW�OH�ZLOO�

KDYH�D�JUHDWHU�LPSDFW�RQ�WKH�GHYHORSPHQW�RI�ORZ�FDUERQ�

HFRQRP��

$IWHU� WKH�ZHLJKW�LV�FDOFXODWHG�E�� WKH�HQWURS��ZHLJKW�

PHWKRG��WKH�JUH��FRUUHODWLRQ�GHJUHH�DQG�(XFOLGHDQ�GLV�

WDQFH�EHWZHHQ�WKH�HYDOXDWLRQ�XQLW� DQG� WKH�SRVLWLYH�DQG�

QHJDWLYH� LGHDO� VROXWLRQ�DUH�FDOFXODWHG�� DQG� WKH�PRVW�GL�

PHQVLRQOHVV�WUHDWPHQW�LV�FDUULHG�RXW

When�α�=�β�=�0.5,�the�grey�correlation�degree�and�Eu�

FOLGHDQ�GLVWDQFH�DUH�FRPELQHG�WR�REWDLQ�

$FFRUGLQJ�WR�WKH�SUR[LPLW��GHJUHH�IRUPXOD��WKH�IROORZ�

LQJ�HTXDWLRQ�FDQ�EH�FDOFXODWHG�

7KH�FULWHULRQ�IRU�WKH�FORVHQHVV�HYDOXDWLRQ�RI�WKLV�PRGHO�

LV�WKDW�WKH�JUHDWHU�WKH�FORVHQHVV��WKH�KLJKHU�WKH�OHYHO�RI�ORZ�

FDUERQ�GHYHORSPHQW��WKXV��WKH�UDQNLQJ�RI�HDFK�HYDOXDWLRQ�

XQLW�FDQ�REWDLQ� WKH� ORZ�FDUERQ�HFRQRPLF�GHYHORSPHQW�

OHYHO�RI�HDFK��HDU������������7KH�FRQFOXVLRQ�LV� WKDW� WKH�

HFRQRPLF�GHYHORSPHQW�RI�6KDQGRQJ�3URYLQFH�LV�FKDQJLQJ�

IURP� WKH� WUDGLWLRQDO�H[WHQVLYH�PRGH�RI�KLJK�HQHUJ��FRQ�

'2,��KWWSV���GRL�RUJ����������MIU�Y�L������
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VXPSWLRQ�DQG�KLJK�FDUERQ�HPLVVLRQ�WR�WKH�PRGH�RI� ORZ�

HQHUJ��FRQVXPSWLRQ�DQG�ORZ�FDUERQ�HPLVVLRQ��7KH�GHYHO�

RSPHQW�RI�ORZ�FDUERQ�HFRQRP�� LV�PRYLQJ� IRUZDUG�LQ�D�

JRRG�GLUHFWLRQ�ZLWK�REYLRXV�SURJUHVV�

Figure�1.�6KDQGRQJ��GHYHORSPHQW�WUHQG�RI�ORZ�FDUERQ�
HFRQRP�

5.Conclusion�

7KLV�VWXG��HVWDEOLVKHV�D�FRPSUHKHQVLYH�HYDOXDWLRQ� LQGH[�

V�VWHP�IRU�ORZ�FDUERQ�HFRQRP���DQG�HPSLULFDOO��DQDO�]HV�

WKH�GHYHORSPHQW�RI� ORZ�FDUERQ�HFRQRP�� LQ�6KDQGRQJ�

3URYLQFH��7KH�FRQFOXVLRQV�DUH�DV�IROORZV��)LUVWO��� WKH�GH�

YHORSPHQW�RI�ORZ�FDUERQ�HFRQRP��LQ�6KDQGRQJ�3URYLQFH�

LV�PRYLQJ�LQ�D�JRRG�GLUHFWLRQ�DQG�WKH�SURJUHVV�LV�REYLRXV��

6HFRQGO���WKH�RYHUDOO�VLWXDWLRQ�LV�VWLOO�UHODWLYHO��EDFNZDUG��

7KH�HQHUJ��FRQVXPSWLRQ�LV�WRR�KLJK��WKH�LQGXVWULDO�VWUXF�

ture�is�unbalanced,�and�the�low-carbon�ecological�bene�ts�

DUH�SRRU��7KHVH� ORZ�FDUERQ�LQSXWV�KDYH�FRQVWUDLQHG� WKH�

FRQWLQXHG�JURZWK�RI� WKH�SURYLQFH�V�ORZ�FDUERQ�HFRQRP��

DQG�VKRXOG�EH� WKH� IRFXV�RI� UHOHYDQW�ZRUN� LQ�6KDQGRQJ�

3URYLQFH�LQ�WKH�IXWXUH��:LWK�UHIHUHQFH�WR�WKH�DGYDQWDJHV�

DQG�SUREOHPV�RI�ORZ�FDUERQ�HFRQRPLF�GHYHORSPHQW� LQ�

6KDQGRQJ�3URYLQFH��FRPELQHG�ZLWK�WKH�GHYHORSPHQW�VWD�

WXV�RI� ORZ�FDUERQ�HFRQRP�� LQ�RWKHU�DGYDQFHG�SURYLQFHV�

DQG�FLWLHV�� WKLV�SDSHU�SURSRVHV�UHOHYDQW�FRXQWHUPHDVXUHV�

LQ�RUGHU�WR�SURYLGH�D�UHIHUHQFH� IRU� WKH�EHWWHU�JURZWK�RI�

6KDQGRQJ�V�ORZ�FDUERQ�HFRQRP��DQG�WKH�FRRUGLQDWHG�GH�

YHORSPHQW�RI�RWKHU�SURYLQFHV��

)LUVWO���WKH�JRYHUQPHQW�VKRXOG�LPSOHPHQW�HIIHFWLYH�SRO�

LF��JXLGDQFH�DQG�HVWDEOLVK�D�OHJDO�V�VWHP�WR�HQVXUH�WKH�GH�

YHORSPHQW�RI�ORZ�FDUERQ�HFRQRP���7KH�JRYHUQPHQW�KDV�

LVVXHG�SROLFLHV�DQG�JXLGHG�IXQGV�WR�OHDQ�WRZDUGV�ORZ�FDU�

ERQ�LQGXVWULHV��ZKLFK�FDQ�EH�JLYHQ�SUHIHUHQWLDO�SROLFLHV�LQ�

WD[��ZDWHU��HOHFWULFLW���ODQG�DQG�RWKHU�DVSHFWV�WR�HQVXUH�WKH�

VWHDG��GHYHORSPHQW�RI�ORZ�FDUERQ�HFRQRP���$W�WKH�VDPH�

WLPH��ZH�FDQ�VWULFWO��OLPLW� WKH�GHYHORSPHQW�RI�KLJK�HQHU�

J��FRQVXPSWLRQ�DQG�KLJK�SROOXWLRQ�LQGXVWULHV�DQG�UHGXFH�

HPLVVLRQV�E��PHDQV�RI�ODZV��0RUHRYHU��WKH�ZKROH�VRFLHW��

DGYRFDWHV�ORZ�FDUERQ�FRQVXPSWLRQ��FUHDWHV�D�ORZ�FDUERQ�

DWPRVSKHUH��HQKDQFHV�WKH�SXEOLF�DZDUHQHVV�RI�ORZ�FDUERQ�

FRQVXPSWLRQ��DQG�UHDOL]HV�WKH�FRRUGLQDWHG�GHYHORSPHQW�RI�

UHJLRQDO�ORZ�FDUERQ�HFRQRP��

6HFRQGO��� LPSOHPHQW� WKH�ORZ�FDUERQ�SROLF��DQG�HQ�

VXUH�WKH�LQSXW�RI�UHVRXUFHV��,Q�WHUPV�RI�IXQGV��HQVXUH�WKH�

LPSOHPHQWDWLRQ�RI�YDULRXV�SODQV�UHODWHG� WR�ORZ�FDUERQ�

economic�development,�overcome�dif�culties�and�ensure�

WKH� WLPHO��DYDLODELOLW��RI�IXQGV�LQ� WKH�SURFHVV�RI�SURMHFW�

LPSOHPHQWDWLRQ�� ,Q�WHUPV�RI�KXPDQ�UHVRXUFHV�� WKH�JRY�

HUQPHQW�FDQ�WUDLQ�LWV�RZQ�H[FHOOHQW�WDOHQWV��RU�MRLQWO��WUDLQ�

with�scienti�c�research�institutes,�enterprises�and�institu�

WLRQV�WR�PHHW�WKH�QHHGV�RI�UHOHYDQW�SURMHFWV�IRU�WDOHQWV�

7KLUGO���GHYHORS�RU� LQWURGXFH�DGYDQFHG� ORZ�FDUERQ�

WHFKQRORJLHV�DQG�VWUHQJWKHQ�UHJLRQDO�ORZ�FDUERQ�WHFKQRO�

RJ��VWUHQJWK��6KDQGRQJ�3URYLQFH�VKRXOG�PDNH�LWV�RZQ�

ORZ�FDUERQ� WHFKQRORJ��GHYHORSPHQW�GLUHFWLRQ�DFFRUGLQJ�

WR� WKH� VXVWDLQDEOH�GHYHORSPHQW� VWUDWHJ���(QWHUSULVHV��

VFLHQWLILF�UHVHDUFK�LQVWLWXWHV�DQG�RWKHU�RUJDQL]DWLRQV�DUH�

HQFRXUDJHG�WR�IXOO��FRRSHUDWH��DFWLYHO��FDUU��RXW�UHVHDUFK�

DQG�GHYHORSPHQW�DQG�VWULYH�WR�SURPRWH�GHPRQVWUDWLRQ�

DSSOLFDWLRQ�SURMHFWV�E��WDNLQJ�DGYDQWDJH�RI�WKH�FKDUDFWHU�

LVWLFV�RI�WKH�RUJDQL]DWLRQ��JUDGXDOO��HVWDEOLVK�D�ORZ�FDUERQ�

WHFKQRORJ��V�VWHP�IRFXVLQJ�RQ�JUHHQ�HQHUJ��WHFKQRORJ���

HQHUJ��FRQVHUYDWLRQ�DQG�HPLVVLRQ�UHGXFWLRQ� WHFKQRORJ���

DQG�SURYLGH�VXSSRUW� IRU�KLJK�TXDOLW��HFRQRPLF�GHYHORS�

PHQW�

)RXUWKO���VWUHQJWKHQ�WKH�SURPRWLRQ�RI�ORZ�FDUERQ�HFRQ�

RP��DQG�SURPRWH�H[FKDQJHV�DQG�FRRSHUDWLRQ�EHWZHHQ�

UHJLRQV��7KH�JRYHUQPHQW�LV�DQ�LPSRUWDQW�IRUFH�WR�SURPRWH�

WKH�GHYHORSPHQW�RI�D�ORZ�FDUERQ�HFRQRP���EXW�WKH�GHYHO�

RSPHQW�RI�D�ORZ�FDUERQ�HFRQRP��UHTXLUHV�IXOO�SDUWLFLSD�

WLRQ��XVLQJ�WKH�,QWHUQHW��WHOHYLVLRQ��VHOI�PHGLD��QHZVSDSHUV�

DQG�RWKHU�PHGLD�WR�GR�D�JRRG�MRE�RI�SURSDJDQGD��VR�WKDW�

WKH�PDVVHV�FDQ�UHFRJQL]H�WKH� LPSRUWDQFH�RI�WDFNOLQJ�FOL�

PDWH�FKDQJH��,Q�DGGLWLRQ��WKH�FXUUHQW�ORZ�FDUERQ�HFRQRP��

GHYHORSPHQW�KDV�EHFRPH�WKH�FRQVLVWHQW�JRDO�RI�GHYHORS�

PHQW�LQ�YDULRXV�UHJLRQV��,Q�RUGHU�WR�GHYHORS�D�ORZ�FDUERQ�

HFRQRP��PRUH�HIILFLHQWO��� LW� LV�QHFHVVDU�� WR� VWUHQJWKHQ�

FRRSHUDWLRQ�DQG�H[FKDQJHV�EHWZHHQ�SURYLQFHV�DQG�DFWLYH�

O��OHDUQ�WKH�PDWXUH�PHDVXUHV�DQG�PHDVXUHV�RI�DGYDQFHG�

SURYLQFHV��ZLWK�D�YLHZ�WR�SURYLGH�YDOXDEOH�H[SHULHQFH�IRU�

ORZ�FDUERQ�HFRQRP��GHYHORSPHQW�LQ�RXU�SURYLQFH�
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