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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
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offer researched support and the 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
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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
REfE TSR AR REEX
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REfE TS PR AR REEX
Emergy indicators Mathematical formula Implication
RE(H TR % (EPD) U/A ROURB(EIT R

T R GBI AR i

Assessment indicators of environment sub-system
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Table 3 Integrated ecological system emergy analysis framework and its data for Beizao mine

fie Al R
i HKEE%%}: KPAREIE Solar energy/ (sej/a)
14 mergy
ltems transformity

(sei/] 5 sej/g) 2006 2007 2008 2009 2010 2011 2012

AJ A IR R Renewable resources
KPR 5 g
SuE i“fjf; energs 1.00 1.08x10'8 1.07x10'8 1.03x10'® 1.00x10'8 1.01x10'8 1.00x10'® 1.03x10'8
b7 XUBE
s%ii?:md energy 2.45x10°  8.31x10" 8.95x10"! 8.31x10"! 7.13x10" 9.62x10" 1.30x10'° 8.95x10"!
K #hE
Raifi:: potential energy 1.76x10*  3.66x10" 3.73x10"! 3.21x10™ 3.05x10" 3.21x10" 3.21x10" 3.21x10"
R[] 7] ~he
gﬂf{iﬁemm enerey 3.05x10*  2.27x10" 2.57x10" 1.93x10" 2.01x10" 2.31x10" 1.95x10" 1.99x10"3
Hu R ek fE

5.76x10*  2.47x10'? 2.47x10" 2.47x10" 2.47x10"? 2.47x10" 2.47x10" 2.47x10"?
Earth revolve energy

W HE Tide energy 3.06x10*  1.11x10'° 1.10x10'° 1.09x10'° 1.06x10'° 1.07x10'° 1.04x10'° 1.12x10'°
REEHF g

iﬁfdjﬁimw 8.96x101¢ 8.30x10'¢ 8.22x101° 1.52x10"7 1.59x10"7 1.56x10" 1.43x10"7
/N Total 1.17x10'® 1.16x10" 1.11x10™ 1.15x10"8 1.16x10'8 1.16x10'8 1.17x10"8
AT AR B Non-renewable resources

JK PR Water resources 6.89x10* 1.19x10"7 1.26x10"7 1.34x10"7 1.35x10"7 1.34x10"7 1.36x10"7 1.27x10"7
HiERH R Farth damage 1.69x107 1.10x10" 1.10x10" 1.10x10" 1.10x10" 1.10x10" 1.10x10" 1.10x10"
)2 Coal layer 3.32x10* 2.30x10?! 2.44x10?! 2.64x10?! 2.77%10?! 2.79x10% 2.79%10?! 2.58x10?!
/N Total 2.30x10%! 2.44x10% 2.64x10?! 2.77x10% 2.79x10%! 2.79%10?! 2.64x10?!

ANATEA: T4 B BE Non-renewable industrial auxiliary energy
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] ﬁg{fﬂi z}@ KFHAESE Solar energy/( sej/a)
Ttems transformity

(sei/) B sei/2) 2006 2007 2008 2009 2010 2011 2012
H /] Electric power 2.69x10° 3.32x10Y 3.33x10"° 3.41x10" 3.55x10" 3.55x10" 3.47x10" 3.39x10"
g oil 1.11x10° 6.55x10"3 2.71x10" 3.34x10" 1.46x10™ 1.41x10™ 7.72x10"3 2.92x10'*
A#t Lumber 5.86x10* 4.28x10'8 5.73x10% 5.59x10'8 4.37x10'8 3.46x10'8 4.25x10" 4.11x10'8
#E24 Explosive 5.91x10° 4.00x10" 5.38x10" 5.08x10" 4.04x10" 3.20x10" 2.20x10" 3.76x10"
% Detonator 5.91x10° 5.45x10% 6.72x10" 6.30x10% 4.72x10" 3.91x10% 2.81x10" 5.34x10%
M H1 Steel products 4.13x10° 3.21x10" 1.13x10% 2.05x10" 1.78x10" 2.52x10" 1.22x10" 2.31x10"
JKJE Cement 1.97x10° 2.86x10" 3.61x10" 3.82x10" 3.10x10" 3.08x10" 2.46x10"° 2.57x10"
fibA Sand and stone 8.47x10° 5.22x10%° 7.05%10%° 7.27x10%° 5.53x10%° 5.43x10% 5.36x10%° 6.43x10%°
/N Total 6.60x10% 9.47x10% 8.76x10% 6.82x10% 6.70x10% 6.33x10% 7.67x10%
AS1%ER Human resources
5% Labour services 1.29x107 2.61x10% 2.73x10% 2.61x10% 2.73x10% 2.43x10% 2.54x10% 2.46x10%
E‘&)\ﬁg 21 21 21 21 21 21 21
Total input emergy 3.22x10 3.66x10 3.78x10 3.72x10 3.70x10 3.67x10 3.65%10
FEHBE(E Output emergy
BB Coal 6.67x10* 2.71x10*! 2.88x10* 3.11x10* 3.26x10* 3.29x10%! 3.29x10%! 3.12x10%
BT Gas 4.80x10* 1.26x10'8 1.51x10'8 2.09x10'8 2.03x10'8 2.27x10'8 1.85%10'8 1.89x10'8
RN Fuel oil 5.40x10* 1.28x10% 1.36x10%° 1.80x10%° 2.43x10% 2.69x10% 2.86x10%° 2.55x10%°
KT Total 2.84x10%! 3.01x10%! 3.29x10%! 3.51x10% 3.56x10%! 3.57x10%! 3.37x10%
PEHIAENE Waste flow emergy
7K Waste water 1.12x10° 2.49%10"7 2.37x10" 2.28x10" 2.33x10"7 2.15%10"7 1.97x10"7 1.76x10"7
i< Waste gas 1.72x10% 1.85%x10"7 1.81x10" 1.84x10" 1.82x10"7 1.59%10"7 1.40x10"7 1.27x10"7
WAL ) Solid waste 3.02x10° 5.71x10"7 6.40x10"7 7.80x10"7 6.85x10"7 4.77x10"7 3.48x10"7 3.31x10"7
/NFF Total 1.00x10'8 1.06x10'8 1.19x10'8 1.10x10'8 8.51x10"7 6.85x10!7 6.34x10"
D30 W X 50 5 0 45 4 5
ik 1.15x10%° 1.17x10% 1.19x10% 1.21x10%° 1.23x10%° 1.25x10% 1.27x10%

Comprehensive influence

emergy of waste to environment

St REHI R TP F A0 SO A =

MG 2 3R 3, L5 AR AL IR BB fe il R SR (R 4) .
3.2 bR E GRS RGREEIE IR T 5 PR

MBI R B DO TA A Al A SRR A AT B T A (™ A RE TR SR B R 5 &
Gio, MREMESAT H He B Hral 4, AL S E S R st R B i) P e, E 8 R R RA —
TE R,

EEESRGEVNAE R FEADRIHN RGBS E LR TN ET . LS R BEERE LA AE 2007 47
B 2011 AFZAF T K, Ul i — 2R 90 B A8 BAHT S B0 o TR, RGUMA BERE N, e B Ak g i 0, 2012 Bdg i
SRS BRI RAMEE IR A B ek, RGEEH R, AR BTIRBA i BB 72% 7247 BEDR B U o5 36
BEGEIRAY 99% , BEWIAT X A2 57 2 KR 70 R IR T 5 BT A , T AL R HEA™ 1997 55 LEE A A2 209% , R B T
R TR 38 1 VTR WA X L AT, T LA Hh AL SR AR e R R TS A A A

TR T RGN R X G ARG S IR IR, 1 B8 PRI FE A BHAR AT XA, Bd W7 9 7 Ml i
T4 AT LAREARR B0 BEAEL B IR AT G s BE B B U™ H 3 AE T 829%—96% 2 [1] , 15t ] 28 G o8 B I B AT B R A 4K
U 5 R] P AR BT IR A A g 1A 2800 22, BEWHA XX vl A B A A IR

LT RGBT IEA AP, a2 T RGHR AL T S RRIA SR R th AL S 22 U & L
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AT R IR X R K SR 2 TR EAC SR A DL S 20 A A RREAEL™ Hh Ul 0, IR fR 85 A AT L e W )
RS W R ST IR TR DX A BE R BE T F A , A IX i) AR 7 488 2 ek T ) A
x4 LE2ERETRESTITENERER

Table 4 Beizao mine emergy analsis and assessment indicators

AE(EFE R Assessment indicators AT Unit 2006 2007 2008 2009 2010 2011 2012

REME I = Emergy flow

aiiifﬁimm’m sej 1.17x10'8 1.16x10'8 1.11x10"8 1.15x10'8 1.16x10'8 1.16x10'8 1.17%10'8
ﬁi{ﬁfﬁ:ﬁfisoumesyN) sej 2.30x10% 2.44x10% 2.64x10% 2.77%x10* 2.79x10% 2.79x10%! 2.64x10%!
fit AfiB{H (Input emergy, F) sej 9.22x10%° 1.22x10?' 1.14x10?' 9.55x10% 9.13x10% 8.88x10% 1.01x10?'
Hir BB (Output emergy, Y) s6j 2.84x10?" 3.01x10% 3.29x10?" 3.51x10?! 3.56x10%! 3.57x10?! 3.37x10"
AE(E B ( Total emergy, U) sej 3.22x10% 3.66x10% 3.78x10%! 3.72x10% 3.70x10%! 3.67x10% 3.65x10%!
FAEBRGIEMAERT Assessment indicators of integrated ecosystem

B R RE AR (ETC) sej/] 7.48x10* 8.01x10* 7.55%10* 6.96x10* 6.81x10* 6.73x10* 7.09x10*
AEME H 4% (ESR) T 0.8094 0.8093 0.8012 0.7887 0.7835 0.7796 0.7823
FIRF ZRAREEIPNEPR Assessment indicators of resource sub-system

HIEFER (RCR) TR 1.13 1.21 1.15 1.06 1.04 1.03 1.08
WD % (CRYR) L& 0.88 0.82 0.87 0.94 0.96 0.97 0.92

Al R BEIR G165 % (RRLR) T 2.57x10° 2.95%10° 3.17x10° 2.86x10° 2.80x10° 2.79x10° 2.77x103
LT RGBT FEHT Assessment indicators of economy sub-system

AEM IR (EIR) T4 0.40 0.50 0.43 0.34 0.33 0.32 0.38
HAAEIH % (EEYR) T4 1.96 1.37 1.79 2.68 3.00 3.16 2.97
RE(H A% L (EMR) sej/ ¥ 3.34x10 3.79x10" 3.92x10" 3.90x10" 3.86x10" 3.80x10" 3.97x103
AT RGEREMIFNTETR Assessment indicators of society sub-system

NEIRefE S (EP) sej/ N 9.72x10"7 1.05x10'8 1.14x10'8 1.08x10'® 1.20x10'® 1.14x10'8 1.17x10'®
REE IR (EPD) sej/m? 1.09x10™ 1.23x10™ 1.27x10" 1.26x10" 1.25x10' 1.24x10™ 1.23x10™

I T RGBEIEPEN AR Assessment indicators of environment sub-system
V#1055 AT AR B R RE R LL

S 0.86 0.92 1.08 0.96 0.73 0.59 0.54
(WER) e
5 ALI\IEAE E il = H:I,Ab
%ﬁ% B9 AR i T 4.17x1072 4.00x1072 3.71x1072 3.55x1072 3.55%x1072 3.60x1072 3.89x1072
fE I (WDR)
AE(HFRBIR I % (EEIR ) TR 1.18 1.26 1.19 1.10 1.08 1.07 1.13

HeTREMEREEGESRENERARZ — ST REUNDG, 87 XA RE(H 4L T
BT BEE IR A BEE R (H R L B IR AT BE 2 BN AR BRI

PR R GUH A i 2947 DX n] RS A A E 2 BRI B AL R T R SR S R AR B RE (E L AR
2008 472 J AW B B B IR B0 255 R SR A R IR AR Y S Bk s MUK - b 315 A SORE MR Y e )i T
R FA R BT R REE STPD0 AE ZS IR R R R A AR — D AR RSN, B DKWL Z NN X 52 57 490 1 Ak B ) B 5 RE AR ER
S R AR, ELIE SRS B IE AR A 5 R G S r /N W M I R B s, AR S RSO AR E
3.3 e A S ARG AN

XA R S A AR A RGP AT B AR A B (1) 3 YRR A5 B
TP AR BRI, ™ XS G AR A AR e T AR SRR AR Ay R s 2800 22, 0 Rl AR BRI A A/, 5870 1)
PR 6E XBE A FHRESSE Al PHAE BEUR, SEf™  BEIOT A B9 LE B0k gE . (2) sl At i, pe e A ]
THITTIR, BESTTE HRORIFAE 85% 7oA , ZRGER BEIR X U it e R MO P e DR, Rz 78 0 M TR AR BRI 54 -
AT A7 5 SRS . R S A T K 5 DT SRAT I3 5 M K R A ™ SR BB P e DX B iy A 27 ol 2R 4
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DX, Bl AN T AR SR AU, (3) i — AT I HEK A SRR 980 5 e B SRR, B R
25 X IR AR, IR 07 X A AR S R G

4 Lt

W XA LSRG RN PR T RE AW T RE M TR IR T RGO AR S M RS 4
TrARGE, LIRSS IROT A A 5, AW 30  BER R 8l (e 5% R R L A5 EA% 18 Ak, S8 A 7 T
B AEBIEREEIIRE, SChas HREE TS W T X E S EBRE LA T REREIFO 18 PRI
Z BEXT RGERHRROL 200 U PMEAIRCR AT . LU e OV XA HER S BT XT R W BT
HAESRGE AT RGN T REE T S, TLUE AL R B S A S REBONERE , 181780
B, B2 R T AHR R R

(D) BHRTRGE R DR AR BT Ry 3257 iy DX, B U5t 00 il s 0 X ] o e K T
N 4 = 2 TR T, 6 A ] A B D S MR P R 5 P2 B SR R

Q)&GTRE AL R AL G SRR B R, B TTIR R (HR 2T R G0 K R AR
2 M T R B

) HaTRE AL A REE B ETHE S RIS A B A T 7CF 2R BT IX
SRREH 3% B AR 1K b — R B 1 U i R G TR R SR I A VE IR R

(O T RGE LR —HBO) Ta @ I, 2008 4F LUG PR R SR I 15U 7E 8 A FAR, 4% 1
RGURE G PEZ D 0, SR IRFRA AR BE A IR (R R TF R AN sl ™ A - M BEIRBIR K +35
Peti A IR AT
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