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Abstract: Resource mining provides a solid foundation for China’s rapid economic growth. However, mining activities also
lead to various environmental issues, such as wastewater discharge, soil contamination, and air pollution. Under these
resource and environmental constraints, it is critical to quantitatively evaluate the ecological loss caused by mining activities
and to determine the appropriate values on ecological compensation. Many evaluation methods are in use to assess the

comprehensive performance of this sector, such as material flow analysis, life cycle analysis, and substance flow analysis.
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However, these traditional methods cannot mimic the real contribution of local ecosystems since they focus on individual
aspects of resource use and system metabolism and discard other parameters and driving forces. In addition, they do not
account for the value of existing natural capital, leading to incomplete assessments of the whole system. In addition, these
methods lack the ability to address waste and emission management, as well as recycling strategies, resulting in policies
optimizing one individual resource or flow, rather than tracking diverse, non-linear interactions between human society and
the natural system in which economic processes are embedded. Emergy analysis provides a “supply-side” evaluation by
focusing on nature’s investment, and can assign environmental impacts more fairly, discouraging inefficient and unnecessary
resource depletion. By quantifying both the direct and indirect environmental costs of resource mining, and related waste
management and disposal, emergy analysis is a suitable approach in assessing the overall performance of the mining sector,
leading to accurate decision-support and integrated measures on protecting mining resources. In this study, China’s non-
ferrous metal mining sector was examined to detect direct and indirect losses caused during the mining processes by
employing emergy analysis. An Ecological Compensation Index (ECI) was developed in order to provide rational references
for determining ecological compensation standards. Our results indicate that, from the perspective of sustainable
development, the ECI was 89.18% , indicating that more renewable resources have been input into the non-ferrous metal
mining sector, and more money is needed for ecological compensation. The Emergy Yield Ratio ( EYR) was 9.24,
indicating that the production efficiency of the non-ferrous metal mining sector was greater, whereas the Environment
Loading Ratio ( ELR) was 238, indicating a greater environmental load on the surrounding ecosystem. The Emergy Index of
Sustainability (ESI) was 0.039, indicating that the system was unsustainable, and there is a need to adopt appropriate
environmental protection measures. From an economic perspective, the ecological compensation value for the non-ferrous
metal mining sector should be 438 million Chinese Yuan (CNY ). However, the current resource tax is far less than the real
expense for ecological remediation and cannot cover its treatment costs. Finally, policy implications at the macro-, micro-,
and long-term levels increased in order to address the main problems that China’s non-ferrous metal mining sector is facing.
For instance, the overall development strategies on the non-ferrous metal mining sector should move from the traditional
“end-of-pipe” treatment toward source control. Pollution prevention-oriented approaches, such as wastewater reuse/
recycling, brownfield redevelopment, and the collection and recycling of discarded non-ferrous metals, should be promoted
so that the overall extraction and processing of original non-ferrous metals can be reduced, and the corresponding

environmental emissions can be mitigated.
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Fig.2 Emergy flow diagram of non-ferrous metal mining sector
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Table 1 Emergy flows of Chinese non-ferrous metal mining sector in 2012

i H Evein A RRMHAEIER (sej/HA0L) S5 3CHR REMH (sej)
Item Raw amount Units Transformity Reference Emergy
A HEH 2 U Renewable

1 PHYE Sunlight 3.46x10% ) 1.00 [45] 3.46x10%
2 K Wind 8.63x10" J 2.45x10° [46] 2.11x10%
3 ™ ,fk %8 Rain, chemical 2.39x10"7 J 3.05x10* [46] 7.28%10%
4 T, %8 Rain, geopotential 4.64x10" J 4.70x10* [46] 2.18x10%
5 HiARE Geothermal heat 2.11x10" J 5.80x10* (471 1.22x10%
ANAIHE BTG Non-renewable

6 4 Copper 5.88x10' g 9.80x10" (48] 5.76x10%
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T H Bt B REEFAHRE (sej/ B0AL) 25 IR AETEL(sej)
Ttem Raw amount Units Transformity Reference Emergy
7 % Aluminum 2.03x10" g 5.40x10° [48] 1.09x10%
8 4t Lead 4.59x10"? g 4.80x10" [48] 2.20x10%*
9 % Zinc 4.88x10" g 7.20x10° [48] 3.51x10%
10 % Nickel 1.97x10" g 2.00x10" [48] 3.94x10%
11 %} Stannum 1.48x10" g 1.70x10" [48] 2.51x10%
12 %6 Stibium 2.42x10" g 4.20x10'2 [48] 1.02x10%
13 5K Mercury 1.35x10° g 4.20x10" [48] 5.66x10%
14 % Magnesium 6.98x10" g 6.14x10° [48] 4.29x10%
15 %Kk Titanium 8.21x10'° g 6.40x10'" [48] 5.26x10%!
AR Imported sources
16 47 Coal 1.65%10"7 J 9.71x10* (41 1.60x10%
17 $E7% Coke 3.82x10" J 6.44x10" 14 2.46x10'®
18 ZE9l1 Diesel 1.08x10" J 1.07x10° (0] 1.15x10'8
19 HJJ Electricity 6.63x10'° J 2.78x10° (1] 1.85%10%
20 7K Water 9.94x10" g 2.18x10* [46] 2.17x10"
21 RHRX Natural gas 1.69x10"7 J 1.70x10° [49] 2.87x10%
22 Al Petrol 2.10x10"2 J 1.06x10° [45] 2.22x10"7
5751 I MRS Labor and service
23 97371 Labor 3.02x10" CNY 8.61x10" [48] 2.60x10%
24 JR%5 Services 5.51x10" CNY 8.61x10" [48] 4.74x10%
15 44 4b B Pollutions disposal
25 KK Wastewater 1.24x10° CNY 8.61x10" [48] 1.07x10%!
26 JES Waste gas 1.84x10% CNY 8.61x10"! [48] 1.58x10%
27 B ILAHE Mine treatment 4.83x10° CNY 8.61x10" [48] 4.15%10%
x2 WREFEEGEREVESRSZIHFEER

Table 2 Ecological services for diluting airborne and waterborne pollutants in 2012
T H HefchL/ 1 LIE2 2773 A BEAE/ sej
Item Emission Acceptable concentration Emergy
KEI5YE Air pollutants (kg/m?)
JHZ Bk Smoke, dust 2.17x10* 4.92x1071 1.57x10"
AL Sulfur dioxide 2.45x10* 4.31x1071° 3.09x 10
RESLD) Oxynitride 5.48x10° 7.50x1078 6.88x10%
Em, =i K{H Em, = Max 3.09x10%
K54 Water pollutants (kg/L)
% Ammonia nitrogen 1.67x10* 1.50x1077 6.14x10"
{27546 Chemical oxygen demand 7.25%10* 1.50x107 6.64x10%
Em, =i KfH Em, =Max 6.64x10%
I Solid waste 4.03x10° 1.48x10"

W JE S Tailings, residues
az A HEBION AR RFE 1 S R AL 35 0T W R e R AU AR5 | e /K O HC 5 i (35 BORRCR N B B R L 1200 Ao phy T30
BRI RAHIE , B 08 T 3 Fhas Sas e (B4 4y 5Bt U ) 0 2 Rhokys Qe (VR A2l St ) o it ST I S B R L

ST P B R AR M PR B R 55 SRR AR AL, 40900 3.09% 107 sej/a 1 6.64x10%sej/a

2.3 fEfEIESR T
WRAE RS BRI RE R ST 345 2R, M 3R AT (6 B Jm Rk P BE MR B (3R 3) o 2012 4R FRIEA (L4
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SRR, A 4R RIE R ESI A 0.039, it/ T 1, Ui BAR AR = ROR B, {H X Y 1l i PR EE R
K, FEOLHFE R JRIAKTAL, AESHMERE B (ECT) MRS IREE i A RBE IR L R G R REME, =R R T 210
MK i REE GBI ECL N 89.18% ., 44 FRIGHRAHT, WATW A Bk E A (04
J& SR eV 3 A AS AT SR GE U , AN T BB IR AT 5 LR K, R 88.65% , AT HEUHT IR IR AL, H
H 0.42% , 35 16 773 T 0 U5 AR SR B A v RS L, BLAR A (8 4 TR WEUR I T e RURI R T kA, R
X AERS RGN T, ok 8 1 T &R A T U AR S IR B R

NG ER IR B E 1A S E R 5.20x10™ sej/lili, 2978 1.66x10° 0/, 3R 3 MK 4 AILIE
RSP PERE(E R 1.64% 107 sej , B L H22E B, Wi BEHETC A 152 S0 5 1 RS BE IR 55 B 1B A 3.09 %
10 sej , i B IR /K I 5 O K R B IR S5 A 6.64 %107 sej , B R R S+ HEROIT 5 [ B A S0 R 1.48%10" sej, ELAY
]2 AR N 3.77x10% sej, EAMEFERL(ECT) N 89.18% , AT T B2 1) A B M2 FH 2490 4.38x10° T,
P BRAR = it 365 10° M58, REME A 7= () AR AMEME L)l 12 T8, — ROl UL, A SAMER B RS B 25 /RS
BAIRFLAAS TR E BB B A A4 B I REIRBLTE 0.4 J0/mi—30 Jo/ME, B £ 60 o/, ZE[ESF
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Table 4 Emergy indicators of Chinese non-ferrous metal mining sector

TiH eI LA RGBT 4
Item Indicators Equations Results
1 A B d A LA % R/U 0.42
2 AN T B IR A L1 % N/U 88.65
3 W A RefE % A LL 15/ % F/U 10.82
4 el % (Emergy Yield Ratio, EYR) U/F 9.24

5 FRBE 7K 3% ( Environmental Loading Ratio, ELR) (N+F+W+C)/R 238
6 T HRLE K B AE B0 Emergy index of sustainability, EST) EYR/ELR 0.039
7 He S HMEHE 1 ( Ecological compensation index, ECI)/% (R+N+W+C) /U 89.18

3 it 54R

ARSCR HIBEAE M7 i, o 3 A (5 6 i W TSR 30 v ) BB A ISR SE IR 55 84T 1A% 0%, e AL O
il T TR R el i A AR AR R, e LD A AT LS B R A (0 < R SR ol T e 2 A R A 2
[E=

WA AR FEREA GO TR B b, 5 7R AL, SRR e g™ &, IR A e K,
I EL i IR BE TR DI AR BB R ), AT R R L AR . WA BFAER B &R
(R SR AF I (H A AR T A (5 B A A MR T IR - T P T I o DG X RS IR A7 BRAIE
AOPREE BN TR IE A AR BAT 77 s _EAS SR, RIBAT B8 S e Hh BRI Ay AR s 1, o e iR B
SEBR AT R IBAS (AT PRSI KU R (A7 BT RAR R A PRI AR 48 ) | L H BT WSOBC A HH SR S5 B 2
AR T AW AA B . A a7 ah I 2n AS I AR P BUT L HE AT THERR AR, 4l MU/ B2 R
AR, P RE SR K HETT S B UGS BT & AR AR ™ R A (B A Tl T IR A PR
PRI 7 R U A I A T IR | LU AT (05 SRl ) T Fp A g
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