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Emergy synthesis of the dynamics of the Shunde industrial system
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Abstract : Most past studies in industrial ecology have been at the scale of the product production line, factory, or industrial
eco-park. However, the activities of industrial systems are combined and regulated at the scale of the urban environment.
Therefore, a study of the ecology of the urban environment is essential to understand the dynamics of industrial systems. One
of the characteristics of Chinese indqstrialization and urbanization is its unbalanced spatial distribution. The dynamic

development process of urban industrial ecosystems in the southeast area of China has both promoted and served as a reference
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to guide development in the central and western areas. Twenty-two years of development in the Shunde industrial ecosysfem
from the enforcement of ecﬁﬁomic reform and 1978 to 2000 were evaluated using emergy theory and synthesis methods. There
are four essential characteristics of industrial ecosystems: (1) recycle of materials, (2) openness to exchange of energy and
materials, (3) resulting local effects, and (4) the effects of exchange with larger economies. We evaluated the structure of
inputs and outputs to and from the Shunde industrial system within the context of these four aspects of industrial ecosystems.
Three new emergy indices were promulgated to integrate the environmental economics of industrial systems with the regional
economy. The Foreign Investment Ratio (FIR), the Foreign Export Ratio (FER) and the intrasystem Emergy Feedback Ratio
(EFR) were established to fill the need to evaluate the degree of openess characteristic of the urban industrial system (FIR and
FER) and the capacity for self-organization of the urban industrial ecosystem (EFR). We found the total emergy use (U) and
empower density (ED) of the Shunde industrial ecosys\tem increased 15.65 and 16. 31 times over the 22 year period of
development, while the consumption of nonrenewable indigenous emergy inputs and the emergy use per person increased 16. 32
and 9.70 times, respectively. The emergy waste ratio (EWR) increased in 1980s’, and decreased in 1990s’, while the
environmental loading ratio (ELR) kept varying without clear trends. The EOR increased 4. 10 times, while the emergy
exchange ratio (EER) remained lower than 1 throughout the 22 years. The results show that the self-organization capacity and
land use intensity of the Shunde industrial ecosystem increased quickly, while its dependence on nonrenewable indigenous
emergy inputs increased even faster. In contrast, the productivity of labor increased more slowly. In the 1990s’, industrial
waste treatment increased quickly, but a greening trend in the structure of emergy inputs was not found. “With relatively lower
efficiency in the use of fossil and mineral resources, the Shunde industrial ecosystem has lost aécess to some resources under
prosperous market conditions. At present, the Shunde industrial ecosystem is standing at a turning point on the road that leads
from labor intensive development toward technology intensive development. Emergy theory and synthesis methods integrated
with environmental and regional economics can fill the need to evaluate industrial ecosystems, and make clear the relationships
driving current and past dynamic behavior. Through combining evaluations of multiple scales, the variation in the indices that
characteristize industrial ecosystems can be examined. Emergy synthesis may be helpful in both evaluation and optimization of
urban industrial ecosystems.

Key words ;urban industrial ecosystem; regional effects; emergy synthesis
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Table 1 Emergy flows of industrial ecosystem in Shunde (sej)1978~2000

W H Item 1978 1980 1985 1990 1992 1995 ‘ 2000

Mk A B (A) Labor (person) 8.23X10¢ 8.87X10* 9.89E+04 1.20X10° 1.27X10° 1.10X105 1.28 % 105
BHEA (m?) Total area (m?) 5.23X108 5.27X10% 5.24X108 5.29% 108 5. 34 X108 5. 05X 108 5.03X10%
#| B} #h BF Foreign investment 0. 00 6. 54X 1018 1.47X 102 6.28X10%° 7.83X10%2° 2.81X10% 1.32X10%
A Input

R 1 A R Local bl
f:f;ﬁﬁﬁﬁﬁgﬁﬁ ocal renewable 6.52x 101  6.57X 10"  6.54X 101  6.60X10 666X 101 6.30X10'  6.27X 10!

ApAn B FEIREEHE B A N Local non-

renewable input N

O] 5 % ¥ 8% {H R 8t A R, Feedback

renewable input R,

AR EHFREEER BT A F Feedback

non-renewable input F
REREMAEM A SR U Total used emergy U~ 4.00X10% 3. 99X 1021 1.29X10% 1.59X10%2 3.16X10%2 2.78X10%  6.66X10%

3.88X 1018 3.92x10!% 3.89X10¥ 3.93X10!8 3.97X10® 3.75X10%®  3.73X10!8
3.94X10%° 4.63X10% 7.93X10%° 3.16X102! 2.83X10%! 3.65X10%  5.25X10%

3.54X 1021  3.46X102 1.20X10%22 1.27X10%2 2.87X10%2 2.40X10?  6.13X10%

e 4 Output |
BN H M {E MV Direct market value MV 5.12X 1020 4.69X 102  7.57X 102  1.21X10% 1.48X10%2 1.46X10% 1.99X10%
BEFEEY W Waste W 2.17X 102 2.03X102° 6.66X10%2° 1.25X10%! 1.02X102 8.22X10%  6.08X10%

ft 2 3b 74 M A9 5™ Y BB {H EF Intra-emergy
feedback EF

i 0 @47 i B 48 FE Foreign Export FE 9. 56E+20  1.04X10% 6. 67X10%° 1.37X10% 6.65X10% 8 99X10% 1.53X10%

1.41X1021  1.53X102 2.21X10%1 2.61X10% 2.85X10% 2.78X10% 1.56X10%
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Table 2 Emergy evaluation table of Shunde industrial ecosystem 1978~ 2000

BE(E 38 4% Emergy Index 1978 1980 1985 1990 1992 1995 2000

Envi t loadi ti |
¥4 18 1 2 32 Environment loading ratio o 71 6. 55 13. 98 3. 94 9. 88 6. A8 11. 52
(ELR)
8B 7™ 1, & Emergy yield ratio (EYR) 1. 02 1. 02 1. 01 1. 00 1. 00 1. 00 1. 00

E 1 t t ratio |
RE{H ¢ % ¥ Emergy investment rati 56. 90 56. 31 184. 71 227. 01 446. 44 414. 79 1001. 56
(EIR)
BE(H 22 #: & Emergy exchange ratio (EER) 1. 28 1. 18 0.59 0.76 0. 47 0.53 0. 30
fE (i & B Empower density (ED) 7.65X 102  7.57X10!2  2.45X101% 3.01X103¥ 5.91X1013 5.49X103 1.32X10"
AYJBE{E i A138 JE Emergy per person 4.86X10'% 4.50X 1016  1.30X10'7 1.33X10Y7 2.49X10Y7 2.52X10Y7 5.20X10%7
fE {4 IE # & Emergy waste ratio (EWR) 0. 05 0. 05 0. 05 0. 08 0.03 0. 03 0. 01
fE1H AR R F Intrasystem emergy S

- 0. 0. 3 0. 0. 0.0 .10 0.0
feedback ratio (EFR) | 35 8 17 16 : ? 0-1 2
Foreign investment rati

PRREME B IR Foreign investment ratio 0. 00 0. 01 0. 04 0. 02 0. 10 0. 02
(FIR)
BE{H i O &K Foreign export ratio (FER) 0. 19 0. 22 0. 09 0.11 0.45  0.62 0. 77
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