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Fig. 1 Evaluation system design ideas figure
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Table 1 List of evaluation indicators

FrPEstrP X S AR IX RIS p —Rg fe b it
DCAEERIX  IIPH I KA .

AR SO A8 X AT R R 28 D RCRIT A R FR 25X
— eI A AR SR R G AT T PR, (R
P AL A SE R ORI R . B EEZT X
A=Al X FE SR AR SR — T SR SRl =
I SRR, M TR R ok, B
XL X BRI . RE . AR 1M
TR AT, PIMORRZ TV Sy — B A by mT
LTRCRIR R BRI AR . 3% 2 50 T ALt 5
ORI 0 =T PR RSRI L
XFrfErE T, AR 2.

5.2 HEXAHFEEFRETNE RN A

3 e X AR A 3 R X AR HR s 1 T4 A A
B, AR L ENERRTERE A, IR SRR
DIAE I BAREUE (WBEER 1), JEXS X SE 8 bR 1 21k i
PHATIEIE, MR X gEIR . 355, e
U AN T RGN LR LM IX ARG
BT THE— 2P B T
521 WIRFRAITFNAE AR

TERIRFRGeH, BEIRIEAER R r 2 e dtuh i
FLrP T IX AR BT IR P BRACR I, IZ AR AR BT

BN s Febrik st AR
FIFIHFER (RCR) RCR=EmU/Y
TRT AR5 ATIPEIE - H 2R (PRYR) PRYR=PO/EmU
A HE B IR RE(E L (RER) RER=EmR/EmU
REE 67 1% (ELR) ELR=(EmU-EmR)/EmR,
WRET R4 JESTYIREME L (WVR) WVR=W/EmU
SRS 5 T AR IR AE (L HL (WER) WER=W/EmR
, AFIHE(E & (EPP) EPP=EmU/P
fLarast RE{ET) %% £ (EPD) EPD=EmU/S
AEfH A% %% (EIR) EIR=EmF/(EmR+EmN)
KT RS REME ™ R (EYR) EYR=EmT/EmF
REfE BT T L (EMR) EMR=EmU/GDP

HEEBRR

RGEAI RS R EYEREVFI 4545 (BISD)

HEMH H 45 % (ESR)

EISD=(EYR x EER)/ELR
ESR=(EmN+EmR)/EmU

. EmUg—@E R A X Z &S RGN ITHFAREE I = B, BRSNS REH (R se)); YN RG™ HAE

LG ATIAE 97 H (sej); PO Jy— R I 18] LA AT DK™ 4 947 i B DR BE (ELAE (sej)s BEmR A7l A" X A2 4 A2 245 R 0 Nl AR B
AE{E (sej) Ehit; EmR, 2R GTN Al B¢ IRAY RE(ELA A (sej); W OR RGUHFBAY R ST R (ELE A (sef); PN XA 3745
RGN ANTEE (N); SHAMT XEEABRGEN L (m?); EmF A5 RGG AR (s¢j); EmN A AT BT 3¢

REMAIE AR (sej); EmT N RGENAERE(A)

=
B

GDP h—7E R, Aile X2 S ARG I MHE A (O0).



358

FIMELEER  20184F9 H 3 EH 3

®2 EmBEPT RELRFHR

Table 2 Huabei Jizhong oilfield’s working area distribution
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Fig. 2 Huabei Jizhong oilfield’s working area distribution
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Fig. 3 Jizhong oilfield’s RCR in 2005-2014
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Fig. 7 Jizhong oilfield’s WVR in 2005-2014
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Fig. 9 Jizhong oilfield’s EPP in 2005-2014
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Mizk 1 4EduHAZEDT X 2005—2014 FEEEIR G R

ﬁlfl{ﬁ Sej1
45 [ H | 2005 4% | 2006 4F | 2007 4F | 2008 4F | 2009 4F | 2010 4F | 2011 4F | 2012 4F | 2013 4% | 2014 4F
CIES e
1 KIHERETRE | 3.39E+20 | 3.42E+20 | 3.42E+20 | 3.47E+20 | 3.54E+20 | 3.55E+20 | 3.49E+20 | 3.44E+20 | 3.41E+20 | 3.38E+20
2 FIKALARE | 3.19E+21 | 3.12E+21 | 3.04E+21 | 3.19E+21 | 3.15E+21 | 3.22E+21 | 3.12E+21 | 3.22E+21 | 3.27E+21 | 2.52E+21
3 i 3.64E+20 | 3.62E+20 | 3.65E+20 | 3.66E+20 | 3.65E+20 | 3.66E+20 | 3.66E+20 | 3.65E+20 | 3.66E+20 | 3.64E+20
4 HiBRBEFERE | 5.00E+21 | 5.05E+21 | 5.05E+21 | 5.02E+21 | 5.04E+21 | 5.00E+21 | 5.02E+21 | 5.04E+21 | 5.04E+21 | 5.05E+21
5 WK #HhE 4.81E+20 | 4.99E+20 | 4.58E+20 | 5.53E+20 | 4.95E+20 | 5.52E+20 | 5.11E+20 | 5.16E+20 | 5.23E+20 | 4.03E+20
6 TI7KIEEERE | 8.83E+20 | 8.76E+20 | 7.28E+20 | 8.33E+20 | 7.66E+20 | 6.57E+20 | 6.65E+20 | 6.86E+20 | 7.31E+20 | 7.10E+20
7 7K A 2.56E+19 | 2.54E+19 | 2.25E+19 | 2.38E+19 | 2.31E+19 | 2.21E+19 | 2.25E+19 | 2.26E+19 | 2.29E+19 | 2.29E+19
/N 1.03E+22 | 1.03E+22 | 1.00E+22 | 1.03E+22 | 1.02E+22 | 1.02E+22 | 1.01E+22 | 1.02E+22 | 1.03E+22 | 9.40E+21
A AT IR
8 FiE 4.01E+21 | 4.04E+21 | 3.79E+21 | 3.94E+21 | 3.90E+21 | 4.01E+21 | 4.01E+21 | 3.68E+21 | 4.03E+21 | 4.34E+21
9 IR 1.56E+22 | 1.62E+22 | 1.65E+22 | 1.71E+22 | 1.86E+22 | 1.86E+22 | 1.90E+22 | 2.11E+22 | 2.11E+22 | 2.22E+22
10 |&8&% 6.56E+22 | 6.54E+22 | 5.57E+22 | 5.80E+22 | 6.03E+22 | 6.30E+22 | 6.44E+22 | 6.47E+22 | 6.33E+22 | 6.35E+22
1 R 9.96E+22 | 1.03E+23 | 6.60E+22 | 7.23E+22 | 7.72E+22 | 8.25E+22 | 8.44E+22 | 8.67E+22 | 8.40E+22 | 8.64E+22
12 [kt 3.41E+22|3.36E+22 | 3.18E+22 | 3.34E+22 | 3.27E+22 | 3.25E+22 | 3.19E+22 | 3.22E+22 | 3.34E+22 | 3.28E+22
13 |7e4 1.46E+21 | 1.45E+21 | 1.38E+21 | 1.44E+21 | 1.41E+21 | 1.41E+21 | 1.38E+21 | 1.37E+21 | 1.37E+21 | 1.34E+21
14 |BA 8.78E+21 | 9.12E+21 | 6.50E+21 | 6.87E+21 | 7.36E+21 | 8.16E+21 | 9.62E+21 | 8.94E+21 | 9.03E+21 | 9.19E+21
15 |4H 3.20E+22 | 3.28E+22 | 1.86E+22 | 1.92E+22 | 1.98E+22 | 2.06E+22 | 2.09E+22 | 2.09E+22 | 1.98E+22 | 1.89E+22
16 |#ifE 8.98E+21 | 9.15E+21 | 9.25E+21 | 1.03E+22 | 9.31E+21 | 8.82E+21 | 9.55E+21 | 8.71E+21 | 8.14E+21 | 7.39E+21
17 K= 4.54E+21 | 4.87E+21 |4.07E+21 | 4.34E+21 | 4.49E+21 | 4.58E+21 |4.68E+21 | 4.74E+21 | 4.70E+21 | 4.82E+21
18 I 7.64E+21 | 7.80E+21 | 5.06E+21 | 5.32E+21 | 5.54E+21 | 5.89E+21 | 6.04E+21 | 6.05E+21 | 6.01E+21 | 6.19E+21
19 [ ZhK 2.38E+19 | 2.29E+19 | 1.94E+19 | 1.88E+19 | 1.77E+19 | 1.67E+19 | 1.63E+19 | 1.50E+19 | 1.43E+19 | 1.33E+19
20 |EFK 6.56E+21 | 6.85E+21 | 7.04E+21 | 7.63E+21 | 7.94E+21 | 8.48E+21 | 8.90E+21 | 8.57E+21 | 8.45E+21 | 7.73E+21
21 N 7.06E+21 | 7.15E+21 | 7.41E+21 | 7.53E+21 | 7.71E+21 | 7.66E+21 | 8.05E+21 | 8. 21E+21 | 8.16E+21 | 8.29E+21
22 [k 1.10E+22 | 1.24E+22 | 1.51E+22 | 1.68E+22 | 1.74E+22 | 1.88E+22 | 1.98E+22 | 2.02E+22 | 2.00E+22 | 2.09E+22
23 |k 1.05E+19 | 1.11E+19 | 8.15E+18 | 8.70E+18 | 8.88E+18 | 9.06E+18 | 7.97E+18 | 7.97E+18 | 7.79E+18 | 6.89E+18
24 |53 8.97E+21 |9.21E+21 | 6.79E+21 | 7.27E+21 | 6.30E+21 | 5.82E+21 |4.61E+21 |4.12E+21 | 4.12E+21 | 3.88E+21
25 R 1.22E+16 | 2.44E+16 |3.25E+16 | 2.84E+16 | 8.12E+15 | 1.35E+15 | 1.22E+16 | 6.76E+15 | 6.76E+15 | 5.41E+15
26 AL 1.82E+19 | 1.82E+19 |9.09E+18 | 9.09E+18 | 9.09E+18 |9.09E+18 |9.09E+18 | 9.09E+18 |9.09E+18 |9.09E+18
/N 3.16E+23 |3.23E+23 | 2.55E+23 | 2.72E+23 | 2.80E+23 | 2.91E+23 |2.97E+23 |3.00E+23 | 2.96E+23 | 2.98E+23
ANHEH I
27 |HH 4.65E+22 | 5.64E+22 | 7.08E+22 | 8.22E+22 | 8.86E+22 | 1.01E+23 | 1.15E+23 | 1.16E+23 | 1.21E+23 | 1.29E+23
28 |k 8.24E+21 | 8.72E+21 | 1.07E+22 | 1.19E+22 | 1.41E+22 | 1.39E+22 | 1.68E+22 | 2.26E+22 | 3.04E+22 | 3.71E+22
29 R 3.97E+21 | 5.78E+21 | 6.80E+21 | 7.66E+21 | 8.73E+21 | 1.01E+22 | 1.23E+22 | 7.59E+21 | 7.95E+21 | 1.13E+22
30 |&e e 3.99E+17 | 4.03E+17 | 4.02E+17 | 4.00E+17 | 3.95E+17 | 3.96E+17 | 3.97E+17 | 3.98E+17 | 3.79E+17 | 3.78E+17
31 7RI 3.31E+21|5.31E+21 | 5.37E+21 | 7.18E+21 | 8.66E+21 | 9.64E+21 | 1.12E+22 | 1.19E+22 | 1.33E+22 | 1.30E+22
32 |4 3.04E+21 | 4.87E+21 | 5.48E+21 | 8. 29E+21 | 1.06E+22 | 1.14E+22 | 1.27E+22 | 8.14E+21 | 8.33E+21 | 8.86E+21
33 |BEARe 1.05E+14 | 1.07E+14 | 1.11E+14 | 1.14E+14 | 1.17E+14 | 1.25E+14 | 1.29E+14 | 1.33E+14 | 1.28E+14 | 1.34E+14
34 |\BEAE 4.66E+17 | 4.69E+17 | 4.69E+17 | 4.55E+17 | 4.64E+17 | 4.64E+17 | 4.66E+17 | 4.60E+17 | 4.38E+17 | 4.34E+17
35 AR 1.88E+16 | 1.91E+16 | 1.99E+16 | 2.06E+16 | 2.09E+16 | 2.12E+16 | 2.16E+16 | 2.17E+16 | 2.22E+16 | 2.26E+16
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S
P | TH 2005 4 | 2006 4F | 2007 4F | 2008 4F | 2009 4F | 2010 4F | 2011 4F | 2012 4F | 2013 4F | 2014 4F
36 [BRRH 3.41E+20 | 6.07E+20 | 3.40E+20 | 2.27E+20 | 2.65E+20 | 2.46E+20 | 2.66E+20 | 2.18E+20 | 5.24E+20 | 3.19E+20
37 [ARIE 2.25E+15 | 2.30E+15 | 2.31E+15 | 2.39E+15 | 2.45E+15 | 2.44E+15 | 2.48E+15 | 2.59E+15 | 2.54E+15 | 2.87E+15
38 K 1.63E+14 | 2.21E+14 | 3.36E+14 | 3.96E+14 | 3.65E+14 | 3.90E+14 | 4.89E+15 | 6.60E+15 | 8. 35E+15 | 1.03E+16
39 R 7.70E+19 | 1.89E+20 | 7.82E+19 | 8.15E+19 | 8.18E+19 | 7.92E+19 | 7.70E+19 | 7.84E+19 | 8.06E+19 | 8.11E+19
40 A 8.46E+22 | 8.97E+22 | 1.01E+23 | 1.05E+23 | 1.09E+23 | 1.25E+23 | 1.38E+23 | 1.49E+23 | 1.53E+23 | 1.63E+23
41 | 2.48E+22 | 2.33E+22 | 2.41E+22 | 2.93E+22 | 2.96E+22 | 3.01E+22 | 3.11E+22 | 3.29E+22 | 2.91E+22 | 3.08E+22
2 KA 1.45E+21 | 1.93E+21 | 1.85E+21 | 3.06E+21 | 2.10E+21 | 2.83E+21 | 3.07E+21 | 3.65E+21 | 4.04E+21 | 4.40E+21
43 [RALATIMS | 5.82E+19 | 1.68E+20 | 1.45E+20 | 5.82E+20 | 5.78E+20 | 6.41E+20 | 3.15E+20 | 3.60E+20 | 3.75E+20 | 4.01E+20
44 [BAERIRS | 5.80E+12 | 1.78E+13 | 2.04E+13 | 2.71E+13 | 3.96E+13 | 4.30E+13 | 3.91E+13 | 4.70E+13 | 4.16E+13 | 7.57E+13

/N 1.76E+23 | 1.97E+23 | 2.27E+23 | 2.56E+23 | 2.72E+23 | 3.05E+23 | 3.40E+23 | 3.52E+23 | 3.68E+23 | 3.98E+23
i

45 GDP 9.08E+23 | 1.05E+24 | 1.27E+24 | 1.56E+24 | 1.77E+24 | 2.10E+24 | 2.62E+24 | 2.95E+24 | 3.09E+24 | 3.31E+24
46 H R 1.65E+22 | 1.80E+22 | 2.39E+22 | 3.23E+22 | 2.64E+22 | 3.80E+22 | 4.31E+22 | 4.85E+22 | 4.69E+22 | 4.76E+22
47 HE 14 2.91E+21 | 3.83E+21 | 5.21E+21 | 8.22E+21 | 7.84E+21 | 1.64E+22 | 2.06E+22 | 1.63E+22 | 1.87E+22 | 1.92E+22

48 |FIHANGE 1.81E+21 | 2.00E+21 | 2.34E+21 | 2.68E+21 | 2.76E+21 | 2.56E+21 | 3.03E+21 | 4.25E+21 | 4.81E+21 | 5.45E+21

49 AH 1.84E+24 | 1.85E+24 | 1.87E+24 | 1.88E+24 | 1.89E+24 | 1.94E+24 | 1.95E+24 | 1.97E+24 | 1.98E+24 | 2.00E+24
/N 2.77E+24 | 2.93E+24 | 3.16E+24 | 3.49E+24 | 3.70E+24 | 4.09E+24 | 4.63E+24 | 4.98E+24 | 5.14E+24 | 5.38E+24
P ®

50 JEIK 3.11E+21 | 3.27E+21 | 3.10E+21 | 2.89E+21 | 2.87E+21 | 3.16E+21 | 3.66E+21 | 3.85E+21 | 3.45E+21 | 3.11E+21
51 B 2.50E+21 | 4.30E+21 | 2.20E+21 | 2.74E+21 | 5.70E+21 | 5.70E+21 | 7.16E+21 | 7.38E+21 | 7.05E+21 | 6.48E+21
52 2] 8.20E+19 | 1.52E+20 | 6.72E+19 | 5.67E+19 | 6.05E+19 | 7.50E+19 | 8.76E+19 | 6.96E+19 | 8.70E+19 | 7.95E+19
/N 5.69E+21 | 7.73E+21 | 5.37E+21 | 5.69E+21 | 8.63E+21 | 8.94E+21 | 1.09E+22 | 1.13E+22 | 1.06E+22 | 9.66E+21
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Evaluation of sustainable economic efficiency in oilfields

YUAN Xingzhi, SUN Zhu, ZHANG Baosheng, YANG Xinlei

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

Abstract Based on the emergy analysis method, this paper constructs a set of systems for evaluation of the sustainable
economic efficiency of oilfields. The evaluation system is divided into two levels; a complex ecosystem and a subsystem. The
complex ecosystem evaluates the oilfields’ ecosystems from a macro perspective. And the subsystem evaluates the sustainable
economic efficiency of oilfields’ ecosystems in terms of resources, environment, society and economy. Based on the evaluation
system results, we can judge the economic development trend, the environmental carrying capacity, the resource utilization
efficiency and the sustainable development capacity of oil fields. The evaluation system contains 13 evaluation indicators. Some
evaluation indicators are suggested on the basis of the characteristics of the oilfields and the principles of emergy analysis. These
indicators are complementary and interrelated. They comprehensively evaluate the complex ecosystem of oil fields from four
microcosmic aspects of resources, environment, society and economy. In order to test the applicability of the evaluation system,
we collected and compiled the production, consumption and environmental data of the Jizhong block in the Huabei oilfield from
2005 to 2014. And fed these data into the evaluation system for oilfields’ sustainable economic efficiency. The results show:
1) The current non-renewable resources utilization in the oilfield is relatively high, which reflects that the oilfield has entered the
depletion period. 2) The oilfield has invested in environmental protection, but the protection efficiency needs to be improved.
3) The local economy is in a steady upward trend. And there will be more development opportunities in the future. In addition,
the evaluation system can be applied to the entire Huabei oilfield and also for other oilfields. It is applicable to oilfields at all
stages of development, and especially old oilfields that have entered the depletion period.

Keywords sustained economy efficiency; emergy analysis; evaluation system; Huabei oilfield
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