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Abstract; Based on the summary of emergy and exergy, an integrated assessment method was established to evaluate
regional sustainable development. Three parts included in this method were natural resources, human resources, and
environmental cost. A region was regarded as a compound ecosystem combining society, economy, and the environment. It is
an improvement of the exergy evaluation method and can be used in the evaluation of sustainable development and green
GDP. After the introduction of the assessment method, the extended exergy account of China was calculated. The results
showed that: (1) the sustainable development level has gradually improved from 2006 to 2015, which indicates the
improvement of China’s resource utilization efficiency; (2) From the perspective of resource, the proportion of natural

resource inputs was still the highest, but the ratio has gradually decreased. The proportion of the environmental exergy cost
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has also decreased. Moreover, the proportion of human resources displayed a rapid increase after 2010. This reflected the
increasing labor cost. (3) Without considering interregional import and export, the sustainable development level of Beijing
is the highest and Tibet is the lowest in terms of the exergy GDP ratio. In the future, it will be necessary to improve the

index of this method to evaluate the sustainable development level.

Key Words: sustainable development; extended exergy; sustainability; thermodynamic method ; assessment
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Pollutant item Acceptable concentration References
SRR 8.0x1072 (52 STEFRE) GB 3095—012
co 3.0x10 (ABEZS ST RAREY GB 3095—2012
CO, 2.0x10° 5z S TEFRE) GB 3095—2012
50, 2.0x1072 (B2 SR AR TE) GB 3095—2012
NOx 5.0x1072 (g2 S FURARIE) GB 3095—2012
Hi e 3.0x107! (g2 R B RARIE) GB 3095—2012
NH; 1.5x10? (HbFRAK BB T f AR 1) GB3838—2002
COD 1.5x10* CHb K A5 5 BB 1fE ) GB3838—2002
BOD; 3.0x10° (HbFRAK BB T i A 1) GB3838—2002
ER B 2.0  Hb K FREE T AR i ) GB3838—2002
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Table 2 Extended exergy account of society-economy-nature compound ecosystem of China in 2015

SR MRS TP

WiH iR cEEi Hp . cumulative exergy
] Transformity/ References .
Item Data Unit L. consumption/
('sej/unit) source .
(sej/a)
LIS e S N 1 KIHBE 5.10x10% J 1.00 [17] 5.10x10%
Renewable resources 2 XiE 4.84x10?! J 1.50x103 [22] 7.26x10%*
3 Hik#fE 6.13x10" J 1.75%10* [17] 1.07x10%*
4 MKLAERE 3.09%x10" J 3.05%10* [17] 9.42x10%
5 HERIERLfE 1.40x10" J 5.76x10* [17] 8.05%x10%
B BRI AT N
- . 7.26x10
Nonadditive counting of renewable resources
ANAT ST BB 6 8.01x10" J 3.98x10* [34] 3.19x10%
Nonrenewable resources 7 £ 2.30x10" J 9.08x10* [35] 2.09x10%
8 KRR 7.20x10'8 J 9.85x10* [35] 7.09x10%
9 HifiEg 2.09%x10" J 1.60x10° [34] 3.34x10%
10 ZAE 2.18x10" g 2.80x10° [35] 6.09x10%
11 BEAE 8.43x10" g 3.90x10° [35] 3.29x10%
12 B 6.42x10" g 1.10x10° [35] 7.07x10%
13 /e 2.36x10" g 3.80x10° [35] 8.97x10%
14 424 1.78x10" g 1.60x10" [35] 2.85%10%
15 e fif 2.60x10" g 3.80x10° [35] 9.89x10%
R AT SR U NI 2 .
o . . 1.24x107
Additive counting of nonrenewable resources
INIL e TN . — M 245
L 16 2% ) 13 ) 1 ! ) 24
Human labor resources e 112x10 L 2.86x10 BAEAE 3.21x10
RE A A o
R 17 BRETTEUR o FAHAE 7.47x10%
Environment cost
230G YR 5.36x10!
KRNI 2.10x10*
AR o FIIAE 4.23x10"®
18 NIAfEERAIFE 1.94x10%
19 AW ZHEPEHIFE 6.33x10%
N Y AMATC B
% %WR%& .m* .(E . 2.08x10%
Additive counting of environment cost
5N Y -
S AR o
Total exergy
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Table 3 Extended environment exergy account of China in 2015

ks A AR (B R F ik
WgEE A O e A R
- - Disability Exergy of LU EV ST R AE
mH JE AR Acceptable Exergy of . ; .
. . adjusted life ~ human health  Species loss/ Exergy of
ltem Data/g concentration/  environment ; o TR
/) Hesources years/ effect/ (PF%a kg™ biodiversity
(mg/m S (k) (sef) loss/ (s¢j)
occupation/sej
ERETC ) R 1.28x101 8.00x1072 9.22x10% 3.75%x107 1.25x10% n.a. n.a,
Air pollutants S0, 1.86x10'3 2.00x1072 5.36x10%! 5.20x107° 2.64x10% 5.80x107° 4.07x10*!
NO, 1.85%10"3 5.00x1072 2.13x10%! 5.72x107° 4.27x10% 3.25x107° 2.27x10%
KA Sum 1.94x10% 6.33x10%"
T i s 0 St o D
Exergy needed to dissipate the 5.36x10%!
air pollutants
KI5 Y4 Water pollutants NH,-H 2.30x10'2 1.50x10% 2.10x10% n.a. n.a. n.a.
CoD 2.22x10" 1.50x10* 2.04x10% n.a. n.a. n.a.
TH AP Gt 2 o A e
Exergy needed to dissipate the 2.10x10%
water pollutants
[ A Solid wastes 1.15x10" 4.23x10"8
PRI BRI RS
Exergy of environment 7.47x10%
resources occupation
JosN:y
el 2.08x10

Total environment exergy

n.a. FREZ HHE

M A RS DR, AT S TR E A PR 1% A T FRURE ARG R 1) 2 8] 0 S0 RUBE Y, AR b A R ARk
(F4)  ANATEEH PR P R AERREERE N, 2006—2015 4R [H] , FRE GDP (44 K i3 5 T8I R G A FE S
KL (& 1), I 2 ATRUE Y SRR GDP ™ IR £ o, Ul W e B 1AL A T 45282 R SR K P AE I8 A0 4
15, HLAE S e H T [ 2R 7 SRR B B e G IR TSR 4 i . NEERBEAR , AARBTIRBC A AR 5 28 (A
PO Z IR . PABE A B L) 52 08 A0 AR 3, U W PR BE AP BB Tk, 341 2010 4R S5, A1 5E
PR LGRS AR T, S 1 FR ] 22 5% & e vp 55 3y niAs EIHBR (1 3) o SRR S R 1 B AR B
SR AEBEA A 22 RGOS N T7 G IOSAS BB, U I AATAG R AR A KPS . AT R A g
FPEARA , v AT , b T3 [N V2 B i/ , 4 J A8 ISR i fg 4k T T, DRt o 28 S i
BHE I A M A AT (8 7, FHE A B9 N 7 B0 Hh B 22 A A0 1L
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Table 5 Extended exergy account of China’s provinces in 2015
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(sej/a) (sej/a) (sej/a) (sej/a) (sej/a)
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Fig.4 Proportion of exergy account of China’s provinces in 2015
R 6 HERHH 2015 FHFERER
Table 6 Extended exergy efficiency of China’s provinces in 2015
= H#E/GDP HiIFE/ N a2 Y
wi A HE A . HEE i He
Provi Exergy/GDP S Exergy/ population S Green development index S
rovince N . oequence PN . Lequence RSN e oequence
(RBFIEH) b (AR5 a (EZRGIHR%) a
| 119.01 1 8.99 2 83.71 1
it 110.09 2 10.52 7 81.83 4
K 101.62 3 12.70 16 76.54 28
VLI 74.87 4 23.91 25 80.41 9
R 70.09 5 67.60 28 79.57 13
N 69.48 6 14.26 20 81.67 5
WL 64.30 7 16.84 22 82.61 3
BiThe 56.26 8 21.30 24 83.58 2
IR 47.53 9 9.45 3 79.11 18
fie 45.87 10 11.74 13 76.58 27
W 44.20 11 12.04 15 80.48 8
W 43.89 12 10.83 9 80.71 7
oNE) 38.86 13 12.03 14 78.1 22
Pl 34.26 14 11.17 10 79.4 14
G 33.07 15 13.46 18 79.02 19
MWL 32.80 16 10.04 6 79.28 15
i) 32.40 17 11.50 12 79.58 12
L 31.62 18 9.64 5 78.96 20
TR 30.33 19 9.58 4 79.6 11
piiAea) 28.29 20 11.27 11 80.85 6
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