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Eco-efficiency of urban material metabolism a case study of Shenzhen
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Abstract The keys of studying urban sustainable development are material metabolism flux and efficiency. Metabolism flux
of urban materials can only reflect the metabolism velocity while its eco-efficiency can determine the metabolism capacity to
support socio-economic development. The general model and the measure model of eco-efficiency were set up based on the
source recycle decreasing the consumption of crude resources and terminal recycle decreasing the discharge of
pollutants  of production and life. These models were employed to study material metabolism flux and efficiency in
Shenzhen. Results showed water energy and waste metabolism fluxes have increased since 1998 with constant socio-
economic development and their eco-efficiencies have also increased rapidly. When GDP rose by 2. 7 times the
metabolism fluxes of urban water and electricity rose by 1.5 and 3.0 times respectively. When added value of industry rose
by 3.7 times the metabolism fluxes of industrial water electricity energy and waste rose by 1.9 3.5 2.7 and 2.0
times respectively. When population rose by 1.5 times the metabolism fluxes of residential water and electricity rose by

1.8 and 1.7 times respectively. During the period the resource efficiency environmental efficiency and eco-efficiency
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rose by 1.8 3.7
Shenzhen

and 2. 3 times

the scarcity of material resources has become more and more serious. Therefore

respectively. Whereas the efficiency of material metabolism has been improved in

it is necessary to further

improve the efficiency of material metabolism. The keys of improving the Eco-efficiency of urban material metabolism are the

increasing of resources

waste resources.

and environmental efficiencies
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Table 1 Indicators of socio-economic development resources use and pollutants discharge in Shenzhen City
Indicator Year
1998 1999 2000 2001 2002 2003 2004

O x10% ¥ 1289. 02 1436. 03 1665. 47 1954. 65 2256. 82 2895. 41 3422. 80

@ x10%¥ 517.45 587.46 727.95 905. 18 1076. 55 1540.71 1912. 96

® x10*  person 394.96 405.13 432.94 468.76 504.25 557.41 597.55

@ x108m’ 10.77 11.50 12.27 12.88 13.32 14.90 16.01

® x10® KWH 129.43 149. 88 190. 35 212.29 259.92 323.43 390. 31

© x108m? 3.46 3.70 4.22 3.96 4.40 5.64 6.14

x 108 m? 2.46 2.63 2.95 3.19 3.42 4.63 4.65

® x10%t 377.34 415.82 461.63 503. 81 626.09 827.70 1018. 81

@ x10® KWH 64.50 74.98 101.88 116. 81 147.24 179.33 223.48

© %10® KWH 26.65 28.99 33.36 35.27 32.23 40.96 46.10

O 5108 0.31 0.38 0.43 0.40 0.46 0.57 0.65

2 %10%m’ 507.00 568.00 667.20 468.39 731.33 820. 64 1082.42

B x10%t 32.56 33.32 43.08 43.80 41.80 58.63 71.26

S0, W % 10%t 2.33 2.90 3.84 3.93 4.08 4.54 4.36
B x10% 0.29 0.34 0.33 0.34 0.42 0.49 0.61

© %10%t 68.00 75.00 95.00 55.48 60.00 129. 10 110. 02

* 1999 ~2005 1998 ~ 2004 1999 ~ 2005 Data were

cited from shenzhen Statistical information yearbook 1999 to 2005  Shenzhen water resources communique 1998 to 2004 and China environmental
statistical yearbook 1999 to 2005

(DGross domestic product (@lncreased value of industry (3)Year-end permanent population (@ Total amount of water consumption (3)Total amount of
electricity consumption (©Residential water consumption amount (?)Industrial water consumption amount (8Industrial energy consumption amount (9
Industrial electricity consumption amount (0Residential electricity consumption amount ({DVolume of industrial waste water discharge (2Emission amount
of industrial waste gas @) Volume of industrial solid waste produced @Volume of industrial SO, emission (19Volume of industrial soot emission 10Volume

of industrial dust emission

2004  GDP 3000 1 1998 ~2004
Ta 2004  GDP 1998 2.7 3.7
GDP
2004 1998 1.5 1979
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2

Table 2 Resources efficiency and environmental efficiency in Shenzhen City

. Year
tndicator 1998 1999 2000 2001 2002 2003 2004
X, 1.000 1.043 1.134 1.268 1.416 1.624 1.786
X, 1.000 0.962 0.879 0.925 0.872 0.899 0.881
X5 1.000 1.062 1.173 1.349 1.496 1.582 1.956
X, 1.000 0.977 0.891 0.966 0.911 1.071 1.067
Xs 1.000 1.030 1.150 1.310 1.254 1.357 1.369
Xe 1.000 0.959 0.899 1.037 1.004 0.866 0.853
X, 1.000 0.943 0.876 0.897 1.056 0.918 0.875
Xg 1.000 0.922 1.010 1.361 1.408 1.626 1.760
Xy 1.000 1.013 1.069 1.894 1.442 1.840 1.732
X 1.000 1.109 1.063 1.300 1.621 1.654 1.689
S0, Xy 1.000 0.914 0.855 1.040 1.191 1.532 1.978
Xy 1.000 0.986 1.262 1.495 1.439 1.777 1.763
X3 1.000 1.029 1.007 2.144 2.358 1.568 2.285

X, Water resources efficiency X, Electricity resources efficiency X; Industrial water resources efficiency X, Industrial Electricity resources
efficiency X5 Industrial energy efficiency X, Living water resources efficiency X; Living Electricity resources efficiency Xy Waste water environmental
efficiency X, Waste gas environmental efficiency X, Solid waste environmental efficiency X,;; SO, environmental efficiency X, Industrial soot

environmental efficiency X, Industrial dust environmental efficiency

4.3
2 13
2
82.559% m S A =80%
i=1 P
2 X, X X
0.940 X
X, X, 0.875
3 3
5
1 1998 ~ 2004 Ta
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Fig. 2 Plot of component loads

Fig. 3 Scores of environmental efficiency vs resources efficiency

3
Table 3 Eco-efficiency of Shenzhen City

Component scores Standardized scores
Year Eco-efficiency values
R P R P e= Vi 1y
1998 -0.240 -1.176 0.391 0.183 0.432
1999 0.036 -1.141 0.453 0.191 0.491
2000 0.225 -0.797 0.494 0.267 0.562
2001 -0.695 0.468 0.290 0.548 0.620
2002 -1.642 1.019 0.079 0.671 0.675
2003 1.045 0.596 0.677 0.577 0.889
2004 1.272 1.033 0.727 0.674 0.991
3 1998 ~2004 1.8 3.7
2.3 7
6
1
2
3
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