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Abstract; In China, there are many kinds of solid wastes of copper, lead and zinc non-ferrous smelting, which are rich in a
variety of environmental toxic elements, such as cadmium, chromium, mercury and arsenic. At present, the disposal mode
of solid wastes is still single and a large number of valuable metal components such as copper, lead zinc, silver and nickel
have not been effectively separated. The problems of solid waste pollution control and efficient resource utilization are
prominent, which have become the key factors restricting the green and sustainable development of the industry. This paper
studied a typical case of copper, lead and zinc comprehensive smelting base an example in the Yangtze River Economic
Belt, and set up three scenarios of zinc smelting solid waste disposal, namely, direct treatment ( scenario 1), internal
circulation (scenario 2) and collaborative utilization (scenario 3). In order to further carry out a comprehensive evaluation
and an analysis of ecological efficiency for the three scenarios, we combined material input-output method with analytic
hierarchy process (AHP) and entropy method. The multi-dimensional ecological efficiency index accounting method system
was established, including resource and energy consumption, environmental risk , material cycle and economic benefit. The
ecological efficiency of the three scenarios was comprehensively evaluated and analyzed as well. The results showed that
scenario 3 strengthened the collaborative transformation of zinc smelting solid wastes between copper and lead smelting
systems, and its ecological efficiency comprehensive evaluation index was the highest, which was 0.2246, 313.6% and 25.
5% higher than scenario 1 and scenario 2 respectively; From the perspective of resource energy consumption, scenario 2
had the highest energy consumption per unit product, reaching 0.3086; The comprehensive utilization rate of solid waste in
scenario 3 was the highest in respect of material circulation and economic benefits, reaching 97.6%. The recovery rate of
copper, lead and zinc was 97.2%, and the total profit was 481.313 million yuan, however, in terms of environmental risk ,
while the emission of heavy metals in the solid waste in scenario 3 decreased by 1470.4 tons per year, the emission of heavy
metals such as lead, arsenic, cadmium and mercury in the exhaust gas increased by more than three times compared with
scenario 1, reaching 1.59 tons per year. To sum up, scenario 3 had significant advantages in the comprehensive utilization
of solid waste secondary resources and economic benefits. Therefore, strengthening the collaborative utilization of solid waste
among the copper-lead-zinc industry chain can not only greatly reduce the solid waste redundancy, improve the recovery
efficiency of valuable metal resources, increase economic benefits, but also effectively reduce the risk of water and soil
environmental pollution. Nevertheless, the emission of heavy metal pollution in the atmosphere still needs to be paid more

attentions.

Key Words: zinc smelting; input-output analysis; ecological efficiency; solid waste collaborative uwtilization;

scenario analysis
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Fig.1 Metabolic framework of zinc smelting industrial park system
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Fig.2 Different comprehensive utilization scenarios of solid waste from zinc smelting
5 1 B SRR B S B A AT | 00 R 1 Az 2 I I B BAL L R 2 TETE R 1
FRORER ORI 5 R A -2 B JOR BRI T2 T R A RGN IR I 3 5 15 5 3 R PR R I IR 18

I N B RS B R R B R 2 R R R G T AL b R R AL B A1 B AN TR] [ R B AL
BRI 1 ik,

http ; //www.ecologica.cn



6 1] XTS5 RVT BT ML R B v R el XA [+ 313 Ak A A SRS 2465

TEREIRHR™ AL I TR 7 2 e e s D — S [ A 2 0, T 2 M 7 2 PR 9 S v T 08 242 5 B R 9 St
R NEASERRY) , ASRE EHGR B JGR R B, 75 LSS B A AL E A7 [ AR B A S R R e A Ty
AL IR, LA I fil 1) 32 B0 A AL AL (V, 05 ), ¥ R AR T /K A ol A v A AR IR 1) 7= 2
F14 SR TR R 28 o T I AL , A ol s S e K, Ry Sl A B A, i 7= A A 45 i 845 TR Ak 4 7] )
W [, 5 5 W)is 16 AR BT AL B AR IR A, BEXF AL B ER 3 BRI, A S R AR IR R A T i
HOXTERIEE AR BN, 23 T R Cu Zn (P S A M G B T R LG FE 4170 He As 0 2 U 8 4 PR8I
UiEiE

£1 HEBEARERTERLERE

Table 1 Disposal path of solid waste in different scenarios of zinc smelting
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Table3 Input-output inventory of different scenarios
Llrie s TR 1/ (va) 52/ (va) Th%5 3/(Va)
Material type Scenario 1 Scenario 2 Scenario 3
HMAEA JEARHHFE BERS T 638584.99 638584.99 638584.99
Total investment MRHHFE FhAT R 4372.9478 5301.8281 5880.74
T 2855.2350 3461.7302 3839.72
EERF (34#) 157.0493 190.4090 211.20
BERY 9993.9178 12116.7772 13439.82
TR 713.8087 865.4325 959.93
fifih 283.5811 343.8181 381.36
FAA I 50 50 50
ALl 1041 1041 1080.71
Ak 350.9815 425.5353 472
T2 90973.7706 110297.9761 122341.52
EaNICd - 332.10 342.58
P204 ZE I - 33.21 33.21
R4 - - 918.54
it it - - 14.88
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XK - - 16.88
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LR - - 104.95
TR - - 11.46
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[ TH 4 T MR i - 971.77 971.77
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[ i - 5263 5263
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Material type Scenario 1 Scenario 2 Scenario 3
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PM,, 117.8377 136.0695 140.8653
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As 0.1129 0.3518 0.3972
W% 24.2827 32.7016 33.1882
A 3.6650 6.8494 6.8494
Cd 0.1465 0.5356 0.5357
Hg 0.0062 0.0062 0.0062
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Akt 1360 1360 1360
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Fig.3 Resource and energy consumption of different scenarios
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Fig.5 Collaborative utilization of solid waste in different scenarios
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Table 4 Evaluation index value of ecological efficiency
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