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Abstract: In this study, an improved eco-efficiency analysis based on the integrated hybrid life cycle assessment method
has been proposed. The eco-efficiencies of five typical municipal solid waste ( MSW) treatment scenarios, landfilling,
landfilling with landfill gas utilization, incineration, composting+landfilling, and composting+incineration, were evaluated
using the proposed method. The trade-offs in the sustainability performance of the MSW treatment scenarios were also
investigated. The results show that most of the eco-efficient scenarios were different across the sustainability domains. For
example, with respect to human health damage, incineration had the highest economic eco-efficiency, and landfilling with

landfill gas utilization had the highest social eco-efficiency. Trade-offs in the sustainability performance of the MSW
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treatment scenarios were obvious, indicating that ignoring certain impacts will induce unintended problem-shifting in MSW
management. Five MSW treatment scenarios showed various environmental impact performances. The climate-change impact
scores of the non-incineration scenarios and human-toxicity impact scores of the incineration scenarios were predominant.
Equipment and machinery use and diesel use dominated the resource depletion impacts in all the scenarios, whereas MSW
treatment processes dominated the economic performance and other environmental impacts. The improved eco-efficiency
analysis can support sustainable MSW management and provide comprehensive information for improving the effectiveness of

MSW management policies in China.

Key Words: municipal solid waste; eco-efficiency; hybrid life cycle assessment; trade-off
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Table 1 Five scenarios for MSW treatment in China
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Table 2 Key technical characteristics and data sources for MSW treatment processes in China
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Fig.1 Economic and social eco-efficiency diagrams of studied scenarios
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Table 3 Economic eco-efficiency and social eco-efficiency indicators for compared scenarios
ATRRERHAE E/E o onomic.pg WATRREHHAE E/E iy
E/E cconomic,pg for fossil fuel depletion E/E social pg for fossil fuel depletion
P P
! S $2 s3 s4 S5 I S 2 s3 s4 S5
S1 n/a 10.00 —o 15.67 —o0 S1 n/a 25.17 28.41 4.09 2.17
S2 n/a n/a —0 n/a —0 S2 n/a n/a 28.88 n/a 0.79
S3 n/a n/a n/a n/a n/a S3 n/a n/a n/a n/a n/a
S4 n/a n/a — n/a — S4 n/a n/a 100.85 n/a 1.19
S5 n/a n/a 30.16 n/a n/a S5 n/a n/a —® n/a n/a
RBELSEY AIHE RELEY AIHFE
E/E oomomic.pg  E/E coomomic, pq for ferrous metal ore depletion E/E iy EVE ia py for ferrous metal ore depletion
P P
1 s1 $2 $3 s4 S5 1 s1 2 $3 s4 $5
S1 n/a 0.36 — 9.34 — S1 n/a 0.91 0.83 2.44 1.58
S2 n/a n/a — o —00 — S2 n/a n/a 0.82 2.75 1.62
S3 n/a n/a n/a 2.62 — S3 n/a n/a n/a — o 2.28
S4 n/a n/a n/a n/a —0 S4 n/a n/a n/a n/a 1.23
S5 n/a n/a n/a n/a n/a S5 n/a n/a n/a n/a n/a
AEOGIET AIHFE A& R 11IHFE
E/E comomicpg E/E cconomic, pq for nonferrous metal ore depletion E/E apg  E/E i g for nonferrous metal ore depletion
P P
1 S $2 s3 s4 S5 I S 2 s3 s4 S5
S1 n/a 0.36 — 9.23 —® S1 n/a 0.91 0.83 2.41 1.63
S2 n/a n/a —® —x —x S2 n/a n/a 0.82 2.71 1.67
S3 n/a n/a n/a 2.57 —0 S3 n/a n/a n/a — 2.28
S4 n/a n/a n/a n/a — S4 n/a n/a n/a n/a 1.23
S5 n/a n/a n/a n/a n/a S5 n/a n/a n/a n/a n/a
E |y R P ERIEY 5 B
E/E omomicpg E/E cconomic pq for nonmetallic mineral ore depletion E/E iapy E/E iarp, for nonmetallic mineral ore depletion
P p
1 S $2 s3 s4 s 1 s1 2 $3 s4 s
S1 n/a 2.22 — 13.50 — S1 n/a 5.59 22.57 3.53 9.92
S2 n/a n/a —0 n/a —o S2 n/a n/a 25.00 3.11 10.17
S3 n/a n/a n/a n/a n/a S3 n/a n/a n/a n/a n/a
S4 n/a n/a —® n/a —x S4 n/a n/a 79.28 n/a 47.55
S5 n/a n/a 0.68 n/a n/a S5 n/a n/a n/a n/a n/a
NN 2 NN
E/E onomic.pqs E7E cconomic,pg for human health damage E/E oiapg  E/E ial pg for human health damage
p P
1 s1 $2 $3 s4 S5 1 s1 2 $3 s4 S5
S1 n/a 5.32 — 7.24 —o0 S1 n/a 13.40 3.37 1.89 0.99
S2 n/a n/a —o 2.20 — S2 n/a n/a 1.93 n/a 0.25
S3 n/a n/a n/a n/a n/a S3 n/a n/a n/a n/a n/a
S4 n/a 2.20 — n/a — S4 n/a —® n/a n/a 0.53
S5 n/a n/a 1.50 n/a n/a S5 n/a n/a — n/a n/a
EERF R H B RB LR
E/E oomic.pg E7E cconomic,pg for ecosystem diversity damage E/E iy E/E ial py for ecosystem diversity damage
q - q P
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
S1 n/a 8.00 —0 11.13 — S1 n/a 20.15 5.09 2.91 1.64
S2 n/a n/a —0 2.92 —0 S2 n/a n/a 2.93 n/a 0.53
S3 n/a n/a n/a n/a n/a S3 n/a n/a n/a n/a n/a
S4 n/a 2.92 —o n/a — S4 n/a —>00 n/a n/a 1.00
S5 n/a n/a 1.84 n/a n/a S5 n/a n/a —0 n/a n/a

PR piq: TER gsn/a FRAEH
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Fig.2 The environmental, economic, and social performance of MSW treatment systems
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Table 4 Comparison between the results of this study and previous studies

A A Hong (7] PHRAES]
Midpoint environmental This study Hong et al.l” Jiet al.'®
impact A B C D A B C D A B
SAEAEAE (L COy eq./t BiI)
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