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Abstract: Assessment of the integrated ecosystem in a mining area is one of the means of managing and regulating it. This
paper studies the implications of the integrated ecosystem in mining areas analyzes its characteristics and explains the
emergy methods used to assess the ecosystem. The emergy evaluation indicator system for the ecosystem and its subsystem is
discussed in further detail. Beizao coal mine in the Longkou mining area in Shandong province is taken as the research subject for an
empirical study. Original data is employed to measure and calculate the separate emergy evaluation indicators for the years from 2006
to 2012. The results show that emergy theory and emergy analysis are effective methods to evaluate integrated ecosystems in
mining areas and the change trends in the system reflected by each indicator. Excessive depreciation of nonrenewable coal
resources and low utilization ratio of renewable resources are typical characteristics for the integrated ecosystem in mining

areas. The results show that the environmental burden is light. The research findings will offer researched support and the
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basis for making strategic decisions related to integrated ecosystem management in mining areas.

Key Words: coal mining area; integrated ecosystem; emergy analysis; assessment indicator
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Table 1 Ecological flows of all sub-systems in mining area

Name of sub-system Composition Function Material flow Energy flow Currency flow Information flow

Resource sub-system

Economy sub-system

Society sub-system

Environment sub-system

1 #%ibk
D #p

O feiiks
— A
<o T
O wipmk
< il
> HIEMEM
Y oamEs

KRB

¥

1

Fig.1 Material and energy flow sketch for typical mining area
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Table 2 Assessment indicators for integrated ecosystem in mining area based emergy analysis

Emergy indicators

Mathematical formula Implication

Emergy flow
(Renewable resources R)
(Non-enewable resources N)
(Input emergy F)
(Output emergy Y)
(Total emergy U)
Assessment indicators of mine system
(ETC)
(ESR)
Assessment indicators of resource sub-system
(RCR)
(CRYR)
(RRLR)

Assessment indicators of economy sub-system
(EIR)
(EEYR)
(EMR)
Assessment indicators of society sub-system

(EP)

R+N+F

ury.

energy
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U/GDP
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Emergy indicators Mathematical formula Implication
(EPD) U/A
Assessment indicators of environment sub-system
(WER) W/R
(WDR) (WI-W) /(Y - WI)
(N+R+F+W)/(Y -
(EEIR) Wy
3
1976 10 1983 12 16 225 t 3077
100% . 2005 6
3.1
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2000 15.83 x10*sej/a '
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378 17-19
2006—2012 0 3,
3
Table 3 Integrated ecological system emergy analysis framework and its data for Beizao mine
Solar energy/(sej/a)
Emergy
Items transformity
i " 2006 2007 2008 2009 2010 2011 2012
(sej/]l  sejlg)
Renewable resources
. 1.00 1.08 x10'8 1.07 x10'8 1.03 x10'® 1.00 x10'® 1.01 x10'8 1.00 x10'8 1.03x10'®
Sun radiation energy
o 2.45x10°  8.31x10" 8.95x 10" 8.31 x 10" 7.13 x 10" 9.62 x 10" 1.30x10"°  8.95x10"
Surface wind energy
. . 1.76 x10*  3.66 x 10" 3.73 x10" 3.21 x10" 3.05 x 10" 3.21 x10" 3.21 x10" 3.21 x10"
Rainwater potential energy
. . 3.05 x10*  2.27x10" 2.57 x10" 1.93 x10" 2.01 x10" 2.31 x10" 1.95 103 1.99 x10"
Rainwater chemical energy
. 5.76 x10*  2.47 x10'? 2.47 x10"? 2.47 x10"? 2.47 x10"? 2.47 x10"? 2.47 %102 2.47x10"
Earth revolve energy
Tide energy 3.06 x10*  1.11x10' 1.10 x10'" 1.09 x10'° 1.06 x10'° 1.07 x10'° 1.04x10"°  1.12x10"
. 8.96 x10'® 8.30 x10'® 8.22 x10'° 1.52 x10"7 1.59 x10"7 1.56 x10"7 1.43 x10"7
System circulate energy
Total 1.17 x10'® 1.16 x10'® 1.11x10'® 1.15x10"® 1.16 x10'8 1.16 x10'® 1.17 x10"®
Non-renewable resources
Water resources 6.89 x 10* 1.19 x10"7 1.26 x10"7 1.34 x10"7 1.35x10"7 1.34 x10" 1.36 x10"7 1.27 x10"7
Earth damage 1.69 x107 1.10 x 10" 1.10 x 10" 1.10 x 10" 1.10 x 10" 1.10 x 10" 1.10 x 10 1.10 x 10"
Coal layer 3.32x10* 2.30 x10%! 2.44 x 10! 2.64 x10*! 2.77 x10% 2.79 x10*! 2.79x10%"  2.58 x10*
Total 2.30 x 102! 2.44 x 10! 2.64 x 10 2.77 x10% 2.79 x 10! 2.79 x 10! 2.64 x10%

Non-renewable industrial auxiliary energy
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Solar energy/(sej/a)

Emergy
ltems transformity
. . 2006 2007 2008 2009 2010 2011 2012
(sej/]  sejlg)
Electric power 2.69 x10° 3.32x10"  3.33x10" 3.41 x10" 3.55x10" 3.55x10"  3.47x10"  3.39x10"
0il 1.11 x10° 6.55x10"3 2.71 x 10 3.34 x 10" 1.46 x10'* 1.41 x10' 7.72x10%  2.92x10™
Lumber 5.86 x 10* 4.28 x10'8 5.73 x10'8 5.59 x10'8 4.37x10"8 3.46 x10'8 4.25%x10"%  4.11x10"
Explosive 5.91 x10° 4.00x10"  5.38x10"°  5.08x10"  4.04x10"°  3.20x10"°  2.20x10"  3.76x10Y
Detonator 5.91 x10° 5.45 x10"° 6.72 10" 6.30 x10' 4.72 x10" 3.91 x10" 2.81x10"%  5.34x10"
Steel products 4.13 x10° 3.21 x10" 1.13x10®  2.05x10% 1.78x10Y  2.52x10" 1.22x10"  2.31x10%
Cement 1.97 x10° 2.86 x10" 3.61 x10" 3.82x10" 3.10x10" 3.08 x10" 2.46x10"  2.57x10"
Sand and stone 8.47 x10° 5.22x10%°  7.05x10®  7.27x10®  5.53x10%®  5.43x10%®  5.36x10%°  6.43x10%
Total 6.60 x10% 9.47 x10% 8.76 x 102 6.82 x10% 6.70 x10% 6.33 x10%  7.67 x10%
Human resources
Labour services 1.29 x107 2.61 x10% 2.73 x10% 2.61 x10% 2.73 x10% 2.43 x10% 2.54x10%  2.46 x10%
S 3.22 x10%! 3.66 x 10%! 3.78 x10%! 3.72 x10% 3.70 x 10%! 3.67 x10%! 3.65 x 10%!
Total input emergy
Output emergy
Coal 6.67 x10* 2.71 x10%! 2.88 x10%! 3.11 x10% 3.26 x10%! 3.29 x 10%! 3.29 x10%! 3.12 x10%
Gas 4.80 x10* 1.26 x10'® 1.51 x10'® 2.09x10'® 2.03x10'® 2.27x10'® 1.85x10'® 1.89 x10'®
Fuel oil 5.40 x 10* 1.28 x10% 1.36 x10%° 1.80 x10%° 2.43 x10% 2.69 x10% 2.86x10%°  2.55x10%
Total 2.84 x10%! 3.01 x10%! 3.29 x 10 3.51 x 10 3.56 x 10%! 3.57 x10%! 3.37 x10%
Waste flow emergy
Waste water 1.12 x10° 2.49 x10"7 2.37 x10"7 2.28 x10"7 2.33x10"7 2.15 x10" 1.97 x10"7 1.76 x10"7
Waste gas 1.72 x10% 1.85x10" 1.81 x10"7 1.84 x10"7 1.82x10"7 1.59 x 10" 1.40 x 10" 1.27 x 10"
Solid waste 3.02 x10° 5.71 x10"7 6.40 x10'7 7.80 x10'7 6.85x10'7 4.77 x10"7 3.48x10'7  3.31x10"7
Total 1.00 x10'8 1.06 x10'® 1.19x10' 1.10x10'® 8.51 x10" 6.85x10"7  6.34x10"
) o 1.15 x10% 1.17 x10% 1.19 x10% 1.21 x10% 1.23 x10% 1.25 x10% 1.27 x10%
Comprehensive influence
emergy of waste to environment
2 3 ( 4.
3.2
o 2007
2011 2012
o T2%
99% 20%
- 13
; 82% —96%
; 2800 o
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Table 4 Beizao mine emergy analsis and assessment indicators

Assessment indicators Unit 2006 2007 2008 2009 2010 2011 2012
Emergy flow
sej 1.17 x10" 1.16 x10' 1.11x10" 1.15x10'® 1.16 x10'8 1.16 x10'8 1.17 x10'
(Renewable resources R)
. sej 2.30 x 10! 2.44 x10% 2.64 x10% 2.77 x10%! 2.79 x 10! 2.79 x 10! 2.64 x10%
(Non-renewable resources N)
(Input emergy F) sej 9.22x10%°  1.22 x10* 1. 14 x 10* 9.55x10%  9.13x10*  8.88 x10% 1.01 x 10!
(Output emergy Y) sej 2.84 x10%! 3.01 x 10 3.29 x 10 3.51 x 10 3.56 x10%! 3.57 x 10 3.37 x 10!
(Total emergy U) sej 3.22 x10% 3.66 x 10! 3.78 x 10! 3.72 x10% 3.70 x10%! 3.67 x10%! 3.65 x 10!
Assessment indicators of integrated ecosystem
(ETC) sej/] 7.48 x10* 8.01 x10* 7.55 x10* 6.96 x10* 6.81 x10* 6.73 x10* 7.09 x10*
(ESR) 0. 8094 0.8093 0.8012 0.7887 0.7835 0.7796 0.7823
Assessment indicators of resource sub-system
(RCR) 1.13 1.21 1.15 1.06 1.04 1.03 1.08
(CRYR) 0.88 0.82 0.87 0.94 0.96 0.97 0.92
(RRLR) 2.57x103 2.95x103 3.17x103 2.86 x10° 2.80 x 103 2.79 x103 2.77x103
Assessment indicators of economy sub-system
(EIR) 0.40 0.50 0.43 0.34 0.33 0.32 0.38
(EEYR) 1.96 1.37 1.79 2.68 3.00 3.16 2.97
(EMR) sej/ ¥ 3.34 %10 3.79x10" 3.92x10%  3.90x10"®  3.86x10"®  3.80x10% 3.97 101
Assessment indicators of society sub-system
(EP) sej/ 9.72 x10"7 1.05x10'8 1.14 x10"® 1.08 x10'® 1.20 x 108 1.14x10'8 1.17x10"
(EPD) sej/m’ 1.09 x10™ 1.23x10™  1.27x10" 1.26 x10™ 1.25x10™ 1.24 x10™ 1.23x10™
Assessment indicators of environment sub-system
(WER) 0.86 0.92 1.08 0.96 0.73 0.59 0.54
-2 -2 -2 -2 -2 -2 -2
(WDR) 4.17x10 4.00 x 10 3.71x10 3.55x10 3.55x10 3.60 x10 3.89 x10
(EEIR) 1.18 1.26 1.19 1.10 1.08 1.07 1.13
2008 ;
3.3
- (1)
o 2800
~ ~ ° (2)
o 85%
o (3) AY
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