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Eco-management benefit analysis of industrial resources from life cycle

perspective : a case study of a virtual symbiosis network

SHI Xiaoqing * , LI Xiaonuo, YANG Jianxin
State Key Laboratory of Urban and Regional Ecology ,Research Center for Eco-Environmental Sciences,Chinese Academy of Sciences , Beijing 100085, China

Abstract: Resources metabolic disorder is one of the main reasons for the eco-environmental problems caused by industrial
development. The eco-management based on symbiosis network is an important initiative to solve this problem. Based on the
Life Cycle Assessment (LCA) method, a network system of industrial symbiosis and its management framework of resources
flow are proposed in this study. The management framework consists of goal, method, symbiosis system, evaluation system,
and data support system. The management goal is the principles of reduce-reuse-recycle. The management method includes
green exploitation, green product, green supply chain, green consumption, and green collection and green disposal. The
network symbiosis system includes enterprise community module, virgin material exploitation module, consumer module and
wastes disposal module. The evaluation system is based on life cycle assessment. Taking pulp and paper industry in Wuhan
as an example, a virtual symbiosis network of pulp and paper industrial ecosystem is built through designing the suitable
network relationships of resources flow and symbiosis paths of reclaimed water, waste paper, sludge use. Using GaBi 4
software and the evaluation system of EI99, CML2001 EP, we compared various eco-environmental effects between designed
symbiotic system and original symbiotic system. By using market value method, the economic benefits of the symbiosis
system were also analyzed.

The results showed that: (1) the score values of symbiosis system on the overall environmental impact, ecosystem

quality, human health, resources damage are 1166.445, 814.509, 148.893, 203.045 respectively, which are decreased

ELTH : FR A KRB 4 E I H (71033005) 5 [H 5K A RRLERL 410 1300 H (71173208 )
Wo#s B #1:2013-04- 18 &1T B #7:2013-07- 18
# MIRFEH Corresponding author.E-mail ; shixq@ rcees.ac.cn

http ://www.ecologica.cn



19 1 TS A 5T A i SRR 7 b 9 D AR 25 I o W —— DR AU A I 2% 2R 8 D 1) 6399

23.91%, 19.15%, 46.56% , 22.26% respectively than that of the original symbiotic system. Paper section plays a
significant role for reducing environmental impact by using recycled materials; (2) Comparing the designed symbiotic
system and the original symbiotic system, the former exhibits decrease in acidification/eutrophication, ecotoxicity, land
use, carcinogenicity, climate change, ozone layer depletion, radiation, respiratory organic pollution, respiratory inorganic
pollution, and fossil fuels. For ecosystem quality, the designed symbiotic system exhibits significant decrease in
acidification/eutrophication ; for human health, it exhibits significant decrease in ozone layer depletion and radiation; for
resources extraction, it exhibits significant decrease in fossil fuels. While it also exhibits 0. 86% increase in land
transformation and significant increase in mineral resource depletion. The reasons come from reagent chemicals production
for waste disposal. (3) The designed symbiotic system shows 56.25% and 16.62% decrease in the influence of
eutrophication effect and climate change respectively than the original symbiosis system. It showed significant decrease in
NO,, NH, and N,O in the air and significant decrease in chemical oxygen demand (COD) and biochemical oxygen demand
(BOD) and phosphate in the water. Waste water disposal section and waste paper disposal section played an important role
in decreasing the influence. The paper section played a significant role for the decease. (4) Under the condition of not
considering market fluctuation, symbiosis design system can acquire significant economic benefits about 10.18—72.52
million RMB through the reuse of sewage, waste paper and sludge.

Therefore , in theory, eco-management based on symbiosis network is one of the effective ways to improve the efficiency
of resource use and may obtain significant environmental and economic benefits. The future work is to apply the methods into

a real system.

Key Words: symbiosis network ; material flow analysis; eco-management; life cycle assessment; pulp and paper industry
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Fig.1 The symbiosis management framework of industrial resources flow
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Fig.3 The resources flow of virtual original symbiosis system for pulp and paper industry in Wuhan
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Fig.4 The resources flow network of virtual symbiosis design system of pulp and paper industrial in Wuhan
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Table 1 The score of life cycle impact assessment
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Table 2 The analysis of life cycle eutrophication potential
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