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Tab. 1 Value and Illustration of Some Parameters in the Formula
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Loc 2 3.51x107° hm? /t
= /1 15 . 2
E, » 1.05%10" sej/hm
UEV = n 16 goi
h 2 7.53%x10°° sej/a
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M z 127.5 t * km™
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AJ = 1.694 t  hm™
C ( DI by
Em § = (11)
Emr o
tin s 2l ¥
; C v Emr - - =l Lo

i 1l |— [y — [ 7] o[ TR AE BT |—[EE i 9

e | BRI [ R
i aa 1‘f‘u.":L.-’.sitL}j:J|I;''.l H r;i.J.l';. &R

SR = R I et

2 1

Fig. 1  Morphology of Development Process of Non-ferrous

2.1 Metal Resources in Jiangxi Province

Odum “

89 5 A
33 &

( )( GB/T4754-
2002)
i | % \ @ f
] ) \ i) 3 LA b1
2.2 . T_ )
2
2009 ~2013

Fig. 2 Emergy Flows Diagram of Non-errous

( VAR )

Metal Resources in Jiangxi Province



1382 26
2013 3 ;2013
2 o 4
2013 ;2013
2
Tab.2 Emergy Flows of Development of Non-ferrous Metal Resources in Jiangxi Province
(sej/ )

1 22 2.28x10% J 2.28x10%
4.51x10* 22 6.74x10" J 3.04x10"8
2.93x10* 22 7.01x10" J 2.05x10"
2.35x10° 22 4.42x10" J 1.04x10"
5.57x10* 22 1.43x10" J 7.97x10'8
9.80x10' 24 1.26x10" g 1.23x10%
4.80x10" 24 2.05%10" g 9.84x10%
4.80x10" 24 9.04x10' g 4.34x10%
2.00x10" 24 3.62x10'" g 7.24x10%
1.70x10" 24 1.73x10" g 2.94x10%
4.20%x10" 24 1.24x10" g 5.21x10%
6.45x10* 22 1.95x10' g 4.57x10" g 3.17x10'°
6.44x10* 8 6.10x107 g 1.39x10"! g 8.95x10"
2.54x10° 8 4.13x10'° J 2.91x10" J 8.44x10%
1.06x10° 8 7.10x10% g 2.05%x10° g 2.92x10'"
1.06x10° 8 4.20%x107 g 1.86x107 g 6.42x10"
1.06x10° 8 8.65x10° g 5.27x10'"° g 6.51x10"
2.10x10* 8 4.89x10" g 5.89x10" g 2.27x10"
8.61x10"! 24 9.63x108 CNY 4.25x10° CNY 4.49%10%!
8.61x10" 24 6.99x107 CNY 6.41x107 CNY 6.12x10"
8.61x10"! 24 3.75x10" CNY 4.34x10" CNY 4.06x10%

3
Tab.3 Environmental Service Emergy of Development of Nonferrous Metal Resources in Jiangxi Province
(1 (v ('sej)
kg/L
1.5x1073 5950 3386 6.47x10"
5.0x1077 466 2239 5.61x10%
Em, = Em, =Max 5.61x10%
kg/m?
6.0x1078 485 2 7207 3.84x10"8
5.0x107% 37 1597 2.72x10"7
() 7.0x107% 67 6977 8.40x10"7
Em, = Em, =Max 3.84%x10'8
6 142.37 268.64 2.36x10'8

1. (
( GB 3095-2012) ; 2.

M GB3838-200) .

(
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Tab. 4 Emergy of Human Health Risk Due to Air Pollutants Emission of Development of Non-ferrous

Metal Resources in Jiangxi Province

(a*kg™) (1) (1) ( sej)
5.46x107° 485 27 207 1.14x10%
8.87x107° 37 1597 1.10x10"

() 3.75x107* 67 6 977 1.99x10%
Em, = Em), = Max 1.99x10%
5 o 15.2%
10*sej/a
Tab.5 Emergy Evaluation for Ecological Services Loss of Odum- 8  louB % .

Vegetation Damage of Development of NonHerrous

Metal Resources in Jiangxi Province

15.83x10%sej/a  9.44x10sej/a

(sej/ )
7.66x10° 21 9.93x10"” ] 7.61x10" 0.96(15.2/15.83)
3.78x107 21 1.75%10° ] 6.62x10'6 1.61(15.2/9. 44) °
5.11x107 21 1.29x10° ] 6.59%10' 2.4
2.10x10* 21 1.99x10% ] 4.18x10" N
Y Y N Y N 6 6\ 7
o 2009 ~2012 8 o

6

Tab. 6 Emergy Flow Index System of Development of Non-ferrous Metal Resources in Jiangxi Province

Emergy( sej)

2009 2010 2011 2012 2013

1.20x10?! 1.33x10? 2.12x10%! 2.00x107! 2.32x10%!

N 1.66x10% 2.09x10% 2.24x10% 2.98x10% 3.54x10%
I 5.08x10% 5.02x10% 6.45%10% 6.58x102 8.44x10%
L 1.51x102! 1.94x10%! 2.33x10%! 2.78x%107! 4.49x10%!
F 5.23%10% 5.21x10% 6.68x10% 6.86x102 8.89x10%
W 5.08x10% 4.62x10% 6.35%10% 1.19x10% 8.07x10%
Em, 5.19x10% 6.18x10%° 8.58x10% 7.87x10% 5.64x10%°
EL 2.10x10'® 2.11x10" 2.26x10'8 2.31x10'8 2.36x10"
Em, 2.17x10% 1.97x10% 2.80x10% 2.51x10% 1.99x10%
Em, 5.26x10'® 6.12x10"7 3.00x10'8 5.59x10"7 8.93x10"
C 7.43x10% 8.18x10% 1.14x10* 1.04x10* 7.66x10%
U 2.73x10% 3.16x10% 3.62x10% 4.39x10% 5.36x10%

0 1.53x10% 2.30x10% 3.23x10% 3.63x10% 4.06x10%
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Tab.7 Emergy Analysis Index System of Development of Non-ferrous Metal Resources in Jiangxi Province
( ESR) (R+N) /U
( EIR) F/( R+N)
25
EY F
( EYR) 0/ EYR
FLR N+F+W+C/R 3<ELR | 3<ELR<
(ELR) 10 ; ELR>10
2
o ESI<1 ; <1ESI<5
(ESI) EYR/ELR C Esiss \
19
( ECI) ( R+N+W+C) /U
8 6 -+ EIR —& - EYR 4250
|~ ESR -m- ELR .
Tab. 8 Emergy Index Result of Development of Non-ferrous Toa e g = AT Tee 200
Metal Resources in Jiangxi Province ar e N ' 4 150
i &
4100
2 -
2009 2010 2011 2012 2013 it 130
——— ’— = T EEREE
“ 1 * 1 . L - 1 . ['
(ESR) 061 067 062 068 0.6 <03 2040 q|0 :,[ AULE 2015
(EIR) 031 025 030 023 0.25 v
(EYR) 293 441 484 529 457 3
(ELR) 182.96 197.28 138.01 184.42 191.58 Fig. 3 Variation Tendency of Emergy Efficiency of the
Development of Nonferrous Metals in Jiangxi Province
( ESI) 0.02 0.02 0.03 0.03 0.02
( ECI) 0.62 0.67 0.63 0.69 0.67 0.8
0.7F M
6. 8 0.6f
0.5
0.4
<k -k ESI
3. 4 . 03 —a—ECI
3. 4 7 0.1t
T Ll CAh bl el (eeh? Lt EEPS S
8 2009 2010 2011 2012 2013
- 2009 ~2013 o
ESR  0.65 *
Fig. 4 Variation Tendency of Ecological Efficiency of the
Development of Nonferrous Metals in Jiangxi Province
0 EIR  0.23-~0.31
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ESI
ECI  62% ~69%

o

6. 8 2013
5.36x10% sej

0. 67 3.59% 107 sej

8. 07x10%sej
5.61x10%"sej
2.91x 10" sej
2.36%10"sej
1.99% 10 sej
8.93x10" sej
7. 66 x 10% sej (11)
2013
1.82x10° .
2012
1.45%10° . 1.49x10°
10° . 2.59x10° .

3

(1) 2009 ~2013
0. 65
0.23~0. 31

5.29;
138.01;
0. 03; 62% ~69%

2009 ~

2.06x

0. 02,

x10°

(3) 2009 ~2013
1.45%x10° . 1.49
L 2.06x10° . 2.59x10° . 1.82x10°
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27  GIANNETTI B F OGURA Y BONILLA S H et al. Emergy

EMERGY ANALYSIS OF THE DEVELOPMENT OF NONFERROUS
METALS IN JIANGXI PROVINCE UNDER THE BACKGROUND OF
ECOLOGICAL CIVILIZATION CONSTRUCTION

JIA Shuxian' HUANG Jian-bai' > ZHONG Meiui' *
( 1. School of Business Central South University Changsha 410083 China; 2. Institute of
Metal Resources Strategy ~Central South University Changsha 410083  China)

Abstract: The development of nonferrous metals not only promotes economic growth but also brings many
environmental problems and the evaluation how minerals developing effect on ecological systems has been
research hotspots recently. The emergy analysis is able to evaluate the real value of energies in different classes
and levels. In this study emergy analysis is applied to evaluate how the nonferrous metals development effect on
the ecological environment in Jiangxi Province China. The total amount of emergy the system’ s input and
output and the ecological values between 2009 and 2013 were calculated separately and the changing trend of
emergy efficiency and ecological efficiency index were analyzed thus the ecological compensation standards can
be set up due to above emergy analysis. The results showed the self-sufficient emergy of the Jiangxi’ s nonferrous
metal developments was about 0. 65 during the studied period ( 2009-2013) the energy investment ratios fell
into a low level and varied between 0. 23-0. 31 the net energy yield ratio exhibited rising up earlier but falling
later. The Environmental loading abilities of the province are high and the lowest loading ratio was 138. 01 but
the sustainable development indicators were very low which only accounted between 0. 02 and 0.03 and the
ecological compensation index fluctuated slightly between 62% — 69%. All those results revealed that Jiangxi
Province’ s nonferrous metal mineral exploitation relied heavily on local non—enewable resources. Although the
production efficiency was little high the current producing and utilizing activities have exceeded the
environment” s tolerance range and the whole system’ s development could not be sustainable. To improve the
environmental qualities the ecological compensation between 2009 and 2013 should be assigned with 1. 45x10°
1.49%x10° 2.06x10° 2.59x10° and 1. 82x10° Chinese Yuan respectively.

Key words: nonferrous metal; emergy analysis; ecological compensation; pollutant



