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Fig.1 2011—2017 Percentage decline in energy consumption per unit of GDP
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Table 1 Oil refining enterprises energy efficiency evaluation index system of China
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Table 2 Evaluation index data of eight refining enterprises

i;?ﬁ‘ﬁ? a b c d e f g h
X2 A% 4.53 83 1.39 9.87 8.94 12.46 27.41 14.65
Xo: A% 37.75 16.32 29.05 9.24 8.43 1.39 28.90 5.63
X;: As/% 38.42 18.34 17.39 16.79 14.53 18.63 17.90 17.29
X2 A% 19.3 57.04 52.17 64.1 68.1 67.52 25.79 62.43
Xs: B, 10.75 7.84 11.83 8.06 14.71 8.5 9.2 19.34
Xo: By 62.36 128.74 112.39 59.54 90.17 84.75 70.17 97.21
X;: By/% 91.78 95.10 70.07 97.49 63.76 98.08 74.54 61.55
Xe: C(TITCHFRIERE) 0.3393 0.7649 0.0896 0.6223 0.4275 0.2421 0.3274 0.2634
Xo: CTTTCFRIERE) 03133 0.2919 0.0813 0.5679 0.3749 0.0896 0.2725 0.4196
Xio: G 1.54 0.97 1.15 0.53 0.50 0.84 1.82 0.78
Xi: D% 8.49 2.58 3.17 4.25 3.30 2.96 4.03 6.57
Xiz: Doy( W7 AFRHERE) 2.3576 2.0374 4.2630 1.6320 1.7541 2.8560 2.7447 1.8425
Xiz: Di/% 95.67 98.04 84.16 97.25 68.16 62.34 71.23 80.70
BRI ARG ORE
R38R AW AN IEREIE (AR )
Table 3 Evaluation index data of eight refining enterprises (after pretreatment)
Y
WA ° ¢ d ¢ f g h
Xi: 4, 0.1359 0.4416 0.1325 0.2956 0.3193 0.4960 0.1393 0.5605
X: 4, 0.3309 0.4907 0.0941 0.1723 0.3436 0.2869 0.5388 0.3473
Xi: A 0.3413 0.0543 0.4212 0.1536 0.1836 0.2282 0.3202 0.7009
Xy Ay 0.6805 0.2302 0.2517 0.2049 0.1928 0.1945 0.5092 0.2104
Xs: B, 0.3280 0.4498 0.2981 0.4375 0.2397 0.4149 0.3833 0.1823
Xs: By 0.4536 0.2197 0.2517 0.4751 0.3137 0.3338 0.4031 0.2910
Xq: Bs 0.3917 0.4058 0.2990 0.4160 0.2721 0.4186 0.3181 0.2627
Xs: G 0.2758 0.6218 0.0728 0.5059 0.3475 0.1968 0.2661 0.2141
Xo: G 0.3282 0.3058 0.0852 0.5948 0.3927 0.0939 0.2854 0.4395
Xio: G 0.1790 0.2841 0.2397 0.5200 0.5512 0.3281 0.1514 0.3534
Xu: Dy 0.6227 0.1892 0.2325 0.3117 0.2420 0.2171 0.2956 0.4819
X D, 0.3228 0.3736 0.1785 0.4664 0.4339 0.2665 0.2773 0.4131
Xiz: Ds 0.4064 0.4164 0.3575 0.4131 0.2895 0.2648 0.3026 0.3428
K25, TEPRARRACEIL S0 4 Pis. nom
322 WA GXPHI“Q;;% (1-3,)/ (1_9)}}
328 PR (05 00 P il B DR P bt a3 Ca
PR AR 5 B 2exp ng;w; (1-x,)/ (1—0)}}
3.2.3 b4 A A 1.019 92x10°°
iz FHA A AT A 54 2R 8K - 1.019 92x10° +0.667 19107

=0.6045
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Table 4 Refineries energy efficiency evaluation index system weight summary (AHP)

HENJZ & TLEEK La
K RETRIMAERL Y L (4,) 0.0182
SERELE MR (1) 013 i!ijj ﬁﬁﬁﬁ/ﬁﬁﬁﬁﬁ t@ (4,) 0.0494
ZRTREIRISFER MY LU (4s) 0.0078
A I i 7 BB TR AE 1 EE R (4,) 0.0546
LK BERE (B) 0.1584
REIRBORSCRIRT (B) 0.36 REE W EHE 4L (B,) 0.0612
AETE S AN T 30K (Bs) 0.1404
HREFERIBLA (C) 0.1512
REVRFI 2 5 85 (O) 0.28 AL TS INE IR 2R (Cy) 0.0840
REEIH e3P R AL (C) 0.0448
AEPEITRER (D) 0.0897
RETRIREE AR 4645 (D) 0.23 AN RERE CO, HEHUE: (D2) 0.1012
Tolk K B H IR (D) 0.0391

RS MRl AR E NSRS RNEILL (BEZX)

Table 5 Refineries energy efficiency evaluation index system weight summary (the entropy method)

HEN &S TLERIZER La
K i REIR T ARSI LU (4,) 0.0889
- F ) AT RRVRIH AR Y LU TR (4,) 0.0889
REAESSHHE R (4) 0.4654 SRTTPN
ZRIRTREIRIHFER Y LU (45) 0.1695
AT 5 REUR T AR Y LE T (4) 0.1182
HARIREFE (B) 0.0339
RERBORSCRIRT (B) 0.0779 AE 2 BEHR AL (By) 0.0291
REVR = S i T 5545 (Bs) 0.0148
B BEFERIBLAR (C) 0.1272
REFI 2 487 (O) 0.3337 A TR E I RE 2 (C)) 0.1276
REVRIA TRk R E(Cy) 0.0789
EPEITTRER (D) 0.0772
REIRIREECR AR (D) 0.1230 B BEFRE CO, HELH: (D,) 0.0342
Tk K S FI IR (D) 0.0117

exp{—{l-i—@ii:ji:wj(l—xy.)/(l—ﬁ)}}

a

=1 j=1

. gexp{_{”ﬁii%(1—%)/(1“9)

0.667 19x107°

T1.019 92x10° +0.667 19x10°°

=0.3955

331 WML E

RCHAWAUG , FRib Al REIRACR I fe R4
FA SRR ISR 6 TR

}} 33 Ml BETER AR

e IR (2,58 TOPSIS ik AL IR, 156 8 Zbk
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TR FabaAR R PG TR A T IR AL B R 115
(1) IAb PR 8 ZE AL PP AR AR £ s AR 6 11430
AR HELL SRS, anlEl 2.
Q)5 “IEMETRE” M BT R” 55
A
¥, =(0.0259,0.0350,0.0503,0.0543,0.0491,0.0230,
0.0380,0.1006,0.0602,0.0231,0.0528,0.0123)

¥, =(0.0061,0.0061,0.0154,0.0199,0.0107,0.0238,
0.0118,0.0086,0.0088,0.0160,0.0133,0.0078)
G)ITERH 5 “IEHAE TR A ey
27 IRRIGHE S
S; =(0.0267,0.0220,0.0440,0.0196,
0.0276,0.0371,0.0291,0.0314)

S =(0.0239,0.0388,0.0086,0.0354,
0.0226,0.0141,0.0200,0.0221)
@A CTERE T AR
27 WREOCHREE , Hrh B R BURUE 0.5,
T =(0.5808,0.8548,0.7172,0.7811,
0.8909,0.8303,0.6314,0.8587)

T = (0.5984,0.7681,0.8515,0.81 15,
0.7818,0.7761,0.6647, 0.7609)

(5) HHFA A7 SRR T R MR W BE , e
PR, BN = B, =0.5, BB PG T A
HlF.

n = (0.4917, 0.5307,0.4477,0.4956,

0.5302,0.5094,0.4824,0.5263)

M TSRS R AT b MR S B T St e, R

F 6 IEimdWERMRITMERERZNE (RILEAEZE)
Table 6 Refinery enterprise energy efficiency evaluation index system weight (optimal combination of law)
HET 2 &S JLRIZK LRGP
K BRI AL Y LU TR (4) 0.0462
REFELSHIFEDE (1) 0.2583 Bk ﬁ%/ﬁzéﬁ%ﬁ (I HTE (4,) 0.0605
ZRIRATRBERIAHFER Y LU (4,) 0.0718
i &b o BRI AR SR 1Y LU (4,) 0.0798
LR BERE (B) 0.1062
RERBARCESR T (B) 0.2454 BE W BEHE 4L (B,) 0.0485
BEUR ™ i i T 540 (Bs) 0.0907
B REREFIBLE (C)) 0.1678
AR A 4T85 (O) 0.3273 ARV G AN E FHRE 2% (C,) 0.1012
BEURIH 2 3P R E(C) 0.0583
P ETTRER (D) 0.0648
RERIAEESCRIRT (D) 0.1690 AL BERE CO, HFiilL R (D,) 0.0747
Tl K EEFI = (D,) 0.0295
[0.0063 0.0215 0.0245 0.0543 0.0358 0.0220 0.0356 0.0446 0.0332 0.0104 0.0528 0.0241 0.0120]
0.0204 0.0319 0.0039 0.0184 0.0491 0.0107 0.0368 0.1006 0.0309 0.0166 0.0160 0.0133 0.0105
0.0061 0.0061 0.0302 0.0201 0.0326 0.0122 0.0271 0.0118 0.0086 0..0140 0.0197 0.0133 0.0105
v 0.0137 0.0112 0.0110 0.0163 0.0478 0.0230 0.0377 0.0818 0.0602 0.0303 0.0264 0.0348 0.0122
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0.0064 0.0350 0.0230 0.0406 0.0419 0.0196 0.0289 0.0431 0.0289 0.0088 0.0251 0.0207 0.0089
0.0259 0.0226 0.0503 0.0168 0.0199 0.0141 0.0238 0.0347 0.0448 0.0206 0.0409 0.0309 0.0101 |

B2 hniERELEERE

Fig. 2 Weighted normalization matrix
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Research on energy efficiency evaluation of oil refining enterprises in
China
SUN Wangmin, LIU Jianying, JIANG Hongdian, YANG Xiaoguang, LIU Pengge, SUN Renjin

School of Business Administration, China University of Petroleum-Beijing, Beijing 102249, China

Abstract How to improve the energy efficiency of refineries has become an urgent issue to be solved as demand for refined
products increases. It is very important to improve the energy efficiency in order to promote the sustainable and coordinated
development of the economy, energy and environment. Based on the analysis of the factors that influence the energy efficiency
of oil refineries, this paper constructs an index system of energy efficiency evaluation of oil refineries, and uses the combination
weighting method to determine the final weights of the indexes. Then, an energy efficiency evaluation method for refinery
enterprises based on grey correlation technique for order preference by similarity to an ideal solution (TOPSIS) are established.
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At the same time, using the production data of eight refineries, the efficiency evaluation system of the oil refinery is tested. The
empirical results show that the index system can objectively and effectively reflect the energy efficiency of refineries, and can be
widely used to evaluate the energy efficiency of refineries.

Keywords oil refining enterprise; energy efficiency evaluation; combination weighting; grey TOPSIS
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