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Ecological efficiency analysis of the circular economy system in mining area based

on emergy analytic approach
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Abstract: This paper takes the recycling economy as a theoretical basis and systematically defines the recycling economy
and recycling economy of coal mining areas. A basic framework for the recycling economy system in coal mining areas is put
forward and a brief analysis of its systematic features is carried out. The author proposes that this is a complex interrelated
system involving elements such as the environment, economy, resources, population, science, technology and culture. This
paper starts with current problems faced by coal mining areas in China. By looking into the results of research and related
references in this field from home and abroad, this paper briefly describes the basic rules and steps of Emergy Analysis and
constructs an evaluation system for the eco-efficiency of the recycling economy in coal mining areas. It first sets up an
emergy flow evaluation criterion which entails emergy efficiency evaluation criteria, sustainable development index and eco-
efficiency index making it possible to analyze and study the sustainability and eco-efficiency of the recycling economy system
in coal mining areas. By adoping this evaluation system, the paper carries out empirical research on a coal mine in Shandong
province. By looking up statistical yearbooks, coal mine data and empirical surveys, an emergy data chart for the recycling
economy system of this mine and an emergy evaluation chart will be presented. On this basis, the author drafted graphs of
the variation tendency in emergy efficiency and eco-efficiency index in the five years from 2007 to 2011. Two tables have

been devised and the predicted result is basically consistent with the real trends developing in the coal mining area. Finally,
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the author proposes that for future development, the proportion of investment in the environment should be increased while

improving its overall investment so as to realize a coordinated development between the economy and environment,

prolonging the useful years of the coal mine and improving the sustainability of the recycling economy system of this coal

mine. The results also show that the established evaluation system, based on Emergy Analysis, has a high level of reliability

and effectiveness. It will play an important role in advancing the recycling economy, promoting energy conservation and

emission reduction and realizing sustainable development of the recycling economy system.

Key Words: recycling economy in coal mining areas; emergy analysis; eco-efficiency
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Fig.1 The system structure diagram for circular economy in

mining area
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Table 1 The solar transformity of the main types of emergy
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Solar emergy transformity
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Types of energy

KPFHY Sunlight 1
Bl Kinetic energy of wind 623
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] 7] E” 7y fe
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Potential energy of rainwater
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m/kf_h% fiE ‘ 15423
Chemical energy of rainwater
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Potential energy of rivers

AL fE

41000

Chemical energy of rivers
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Mechanical energy of wave and tide
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) R R

Food, vegetable and native products
2R 14 High protein diet
AZ55%5 Human labour
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Table 2  The evaluating indicator of emergy flux on circular

economy system in mining areas
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Table 3 The evaluation index of emergy efficiency on circular economy system in mining areas

REMEACRAR bR PR ST RFE X
Index of emergy efficiency Calculation expression The meaning of the index
REE AR fEME H 45 (ESR) (R+N)/(R+N+IMP) WX R g8 AR SRR
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Table 4 The evaluation indices of energy efficiency on circular economy system in mining areas

TREA TR iHERkA RFEFEXL
The name of the index Calculation expression The meaning of the index
BARIEEL T ELE R A $(SDI) EYR/ELR E IS =¥ a0
Efficiency index TR A AT RELE & e F (1SDI) EYRXEER/ELR % JERBHAS BRI RG] R K e
. v VO RSV IRACR R BRI 20K
FEABRAEEL (EED EYRX(1-w)x(1-n) A T R B

x5 2011 FRTRBEREFREREBIER

Table 5 The table for emergy data in a mining area circular economy system (2011)

AEAELV 4 HeRiEcH ARV ES PN
Emergy flux Date base Emergy transformity Solar emergy
] HH 7Y R AEH (R) Renewable resources emergy 224 000 000 000 000 000 000
K PHRE
] 4 160 000 000 000 000 000 1 4 160 000 000 000 000 000
Solar energy
AhE

. 7 620 000 000 000 000 663 5 050 000 000 000 000 000
Wind energy
i 7K FfE
m/k%hﬂh . 67 300 000 000 000 8 890 598 000 000 000 000 000
Potential energy of rainwater
o s
mﬂ(ﬂ:—{—% - 3 820 000 000 000 000 15 400 58 900 000 000 000 000 000
Chemical energy of rainwater

FRIERERE
,im Kliesee . 2 670 000 000 000 000 58 000 155 000 000 000 000 000 000
The energy of the rotation of the earth
AAEHFIRAEIE (N) Non-renewable resource emergy 228 000 000 000 000 000 000
7]
VjV( . 8 600 000 000 000 41 000 353 000 000 000 000 000

ater
e
é%f 76 800 000 000 39 800 3 060 000 000 000 000

oa
I
Steel 52 700 000 000 4 130 000 000 218 000 000 000 000 000 000
LiW]

. 35 600 000 000 000 269 000 9 580 000 000 000 000 000

Electric power
WASK BT -5 IR 55 RE i B A A BB (IMP) Import emergy 1260 000 000 000 000 000 000
A2 5 FE&J\ . 123 000 000 8 670 000 000 000 1 070 000 000 000 000 000 000
Investment in the fixed assets
SEBRF AN
The actual utilization of 328 000 8 670 000 000 000 2 840 000 000 000 000 000
foreign investment
HEH

, 676 000 2 500 000 000 000 1 690 000 000 000 000 000
Enter port
SHs g BA
7 %%UA . 1 200 155 000 000 000 000 000 186 000 000 000 000 000 000
Labor migration
Hi i AE{H (EXP) Export emergy 46 300 000 000 000 000 000 000
ol &=l

5 340 000 000 8 670 000 000 000 46 300 000 000 000 000 000 000

Value of gross output
Vi FEWIREE (W) Waste emergy 98 200 000 000 000 000 000
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gk
REfELIR H FEREE (AR EZIES KFHAEME
Emergy flux Date base Emergy transformity Solar emergy
Pk
435 000 000 000 660 000 287 000 000 000 000 000
Waste water
B
17 800 000 000 660 000 11 700 000 000 000 000
Exhaust gas
7]
653 000 000 000 150 000 000 98 000 000 000 000 000 000

Waste material

B 5 R REIEEE A BE
A 0K VE U 75 B s 5, BI AT 45 Y ESR |, SDI 4§

L E SIS L VAN

2011 AFI%A XAE IR 255 R G A SRR 16 e L.

R6 RURBEREFRFERETHR

Table 6 The table for emergy evaluation in a mining area circular economy system

DA IR E BRI 7 2] LA H 2007—2011 4R %87 X
TEMR AT R G0 SECRPEMFEFRE, ti 2 6 Fis

847 Index

\

f(iz AR IRREE (R) AATE TR AEE (V) WA SE R 55 IR 55 REAEL(IMP)
Renewable resources emergy Non-renewable resource emergy Import emergy

2007 236 000 000 000 000 000 000 164 000 000 000 000 000 000 377 000 000 000 000 000 000
2008 244 000 000 000 000 000 000 152 000 000 000 000 000 000 428 000 000 000 000 000 000
2009 217 000 000 000 000 000 000 159 000 000 000 000 000 000 662 000 000 000 000 000 000
2010 198 000 000 000 000 000 000 176 000 000 000 000 000 000 771 000 000 000 000 000 000
2011 224 000 000 000 000 000 000 228 000 000 000 000 000 000 1 260 000 000 000 000 000 000
Tl

Average value

223 800 000 000 000 000 000

175 800 000 000 000 000 000

699 600 000 000 000 000 000

F8FR Index

A
Year i tH REAH (EXP) JEFEIREME (W) REAH A 447% (ESR)

Export emergy Waste emergy Emergy self-sufficiency rate
2007 19 800 000 000 000 000 000 000 86 700 000 000 000 000 000 0.5148
2008 25 300 000 000 000 000 000 000 95 400 000 000 000 000 000 0.4806
2009 30 400 000 000 000 000 000 000 88 600 000 000 000 000 000 0.3622
2010 38 500 000 000 000 000 000 000 80 700 000 000 000 000 000 0.3266
2011 46 300 000 000 000 000 000 000 98 200 000 000 000 000 000 0.264
gl

32 060 000 000 000 000 000 000 89 920 000 000 000 000 000 0.3897
Average value

F5#5 Index
A . . : " L R RE R L
. A K (EYR) BB 56 (EWR) SRHEFHPR(ELR) PEIRTERLIL ()
Year . . . R . Renewable resources
Emergy yield ratio Emergy waste rate Environmental loading ratio .
emergy ratio
2007 2.061 0.3674 2.2924 0.3037
2008 1.9252 0.391 2.377 0.2961
2009 1.568 0.4083 3.7834 0.2091
2010 1.4851 0.4076 4.7828 0.1729
2011 1.3587 0.4384 6.6429 0.1308
M2 A
g 1.6796 0.4025 3.9757 0.2225
Average value
FEHR Index
N i W3 ) T 2 % R 46 %
L2 A 545 % TR (SDI) g RO BBV () L F T B R R
. SRR (w) (1SDI)
Year Sustainable X Non-renewable resource .
. Waste emergy ratio . Sustainable development
development index emergy ratio . .
index improved

2007 0.8991 0.1116 0.2111 2.5715
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. " . s s WO R AT ORE 2 R g%
= TGRSO R () o TR SRR R
. ER A ACD) _ (1SDI)
Year Sustainable K Non-renewable resource .
. Waste emergy ratio . Sustainable development
development index emergy ratio . .
index improved
2008 0.8099 0.1158 0.1845 1.9002
2009 0.4144 0.0854 0.1532 0.9051
2010 0.3105 0.0705 0.1537 0.6807
2011 0.2045 0.0574 0.1332 0.409
7. il
2: Yii | 0.5277 0.0881 0.1671 1.2933
verage value
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Fig.2 The variation tendency of emergy efficiency in a mining

area circular economy system
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Table 7 The table for variation tendency of emergy efficiency and ecological efficiency in a mining area circular economy system
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