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Urban metabolism process based on emergy synthesis: a case study of Beijing
LIU Gengyuan, YANG Zhifeng® , CHEN Bin

State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Beijing Normal University, Beijing 100875, China

Abstract; The knowledge of urban metabolism process is a major step towards the design of sustainable development
schemes and environmental management. This study systematic simulated and analyzed the mechanisms of Beijing urban
ecosystem from a thermodynamic point of view. This assessment model review and compile existing data and studies on
environmental issues available primarily at some sources, which include resource accounting and environmental impact
assessment. The direct and indirect emergy demand was assessed based on airhorne and waterborne pollutants dilution
patterns, and concepts of Life Cycle Impact Assessment followed the DALY and PDF methods. Results pointed out (1) the
development of economy in Beijing was closely correlated with the consumption of the nonrenewable resources and exerting
rising load on environment; (2) of the total emergy use by the economic system, the imported nonrenewable resources from
other province contribute most with increasing use from imported nonrenewable resources; (3) the rapid growth of society
fixed capital investment drave Beijing’'s economic development and GDP'S growing; (4 ) emissions greatly reduced the
sustainability of the urban metabolic system by pulling resources for damage repair and for replacement of lost natural and
human-made capital. Such a knowledge is a necessary pre-requisite to perform a reliable cost-benefit evaluation of urban

sustainability strategies, and provide guidance to policy decisions.
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Table 1 Emergy flows supporting urban metabolic system in 2006
WiH Hp S ﬁﬁﬁﬁ?ﬂﬁ%a@ ﬁﬁﬁﬁ%}ﬁézfi [
Items Units Raw data Transformity E =N Emergy value
/ ('sej/unit) Reference /(sej/a)
Al THTRE A A (A HL T T8 ) Renewable Input (locally available)
1 KFAfE Sun J/a 7.02x10" 1 # 7.02x10"
2 JABE Kinetic energy of wind I/a 4.87x10'° 2.51x10% [1] 1.22x10%
3 [ fE (E J13EE) Rainfall ( Geopotential Energy) J/a 1.25x10% 1.74x10* [1] 2.19x10"
4 [&TWfE (4b2#6E) Rainfall ( Chemical Potential ) J/a .12x10'6 3.05x10* [1] 3.43x10%
5 Hi#fE Geothermal Heat J/a 1.79%x10' 5.76x10* [1] 1.03x10%
AR H A (AHA AT H ) Nonrenewable Input (locally available)
6 FJZHIEWIE Top soil loss J/a 3.17x10™ 1.23x10° [1] 3.90x10"
7 AR AL Fuels input from local region
& Coal J/a 2.04x10"7 6.69%10* [1] 1.37x10%
Jiti Crude oil Va 0.00 9.08x10* [1] 0.00
KRS Natural gas J/a 0.00 9.85x10* (3] 0.00
8 A A Constructed local input
£ KA Limestone o/a 1.52x10" 1.68x10° [2] 2.55x10%
AFHY AT Sand and gravel o/a .02x10" 1.68x10° [2] 1.70x10%
A Tron ore g/a 1.68x10" 1.44x10° [1] 2.41x10%
* K IHAEIE 5L LR E LA 1 sej/]
F2 2006 EWTHRE RGAEEROTHESR
Table 2 Emergy imports for urban metabolic system in 2006
mH W mpeay  CRSRUR O REECR i
Hems Unite R data Tranéform'lty Z:7% 3k Emergy. value
/ (sej/unit) Reference /(sej/a)
9 /K, Hydroelectricity J/a 2.30x10™" 3.36x10° [1] 7.74x10"
10 FIRARYE Stream flow J/a 8.81x10" 3.05x10* [2] 2.69x10%
11 fe A #8EE O Imported Fuels import
i Coal J/a 7.04x10"7 6.69x10* [1] 4.83x10%
fElk Coke I/a 4.72x10' 1.10x10° [4] 5.18%10%
J5UH Crude oil J/a 3.45x10"7 9.08x10* [4] 3.13x10%
753 Gasoline J/a 9.20x10'¢ 1.05x10° [4] 9.64x10!
JHEH Kerosene J/a 1.23x10"7 1.10x10° [4] 1.36x10%
4E3H Diesel Oil J/a 8.61x10'° 1.10x10° [4] 9.48x10?!
R Fuel Oil J/a 4.42x10" 1.10x10° [4] 4.87x10%
WALAT i< (LPG) Liquefied petroleum gas J/a 6.66x10' 1.11x10° [4] 7.37x10%
KHRS, Natural gas I/a 1.58x10" 9.85x10* [3] 1.56x10%
12 BEITHL /7 Imported Electricity I/a 1.47x10"7 1.74x10° [1] 2.57x10%
13 #E R i Imported goods
13,1 ZF FR B
Imported Farm and Pasture Product
A Grain J/a 1.91x10' 1.14x10° [5] 2.18x10*
THSEHF Rapeseed V/a 8.23x10'° 8.88x10* (6] 7.31x10
#2F Vegetable 1/a 1.42x10" 7.37x10* [6] 1.05x10"

http ; //www. ecologica. cn
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H i T I A o e
Items Units Raw data Transformity Sk Emergy value
/ ('sej/unit) Reference /(sej/a)

FKHE Fruit J/a 2.30x10" 8.88x10* [7] 2.04x10'
A Meat J/a 2.75%10° 5.31x10° [5] 1.46x10'
5 Milk 1/a 2.36x10" 3.35x10° [5] 7.90%x10"7

13.2 #E A JFE AL Imported raw and processed materials
A#t Wood J/a 1.51x10" 5.36x10* [1] 8.11x10"
0 Tron ores g/a 4.68x10" 1.44x10° [1] 6.72x10%
AT A Sand and gravel g/a 1.02x10" 1.68x10° [2] 1.70x10%
L5 YRR Paper and paperboard J/a 1.20x10% 7.37x10* (8] 8.85x10"
2 Silk J/a 6.39x10" 1.12x107 [1] 7.18x10"
£ Wool, animal hair 1/a 1.32x10" 7.37x10° [1] 9.70x10%

13.3 # R Imported goods
R LI Polythene (PE) g/a 7.30x10' 4.69x10° [9] 3.43x10%
E A Polypropylene( PP) ¢/a 1.60x10" 4.69%10° (9] 7.51x10"
BB M Polystyrene( PS) o/a 1.10x10" 4.69%10° (9] 5.16x10"
HAbfE5AL T 78 Other coke chemicals g/a 2.54x10" 4.89x10° [9] 1.24x10%
HAbA AL T 78 Other petroleum products g/a 1.16x10" 4.89x10° [9] 5.69x10%!
K Tron and steel o/a 2.70x10" 3.16x10° [10] 8.53x10%
A AE A Aluminum and articles o/a 1.20x10" 7.74x108 (1] 9.29x10%

13. 4 3F O HAB S R & 4 @77 i Other metals and articles g/a 2.16x10" 4.74x10° (1] 1.02x10%

13.5 JE SR B HLE T S (ORI G+ e

# A) Hi-tech products, machinery and electrical equipment
% Steel g/a 3.65x10° 3.16x10° [10] 1.15x10"
41 Aluminum ¢/a 1.65%10° 7.74%x10% [1] 1.28x10'
#i Copper o/a 1.20x10° 3.36x10° (9] 4.05x10'
HAl14: /% Other metals g/a 4.20%10° 4.74x10° [1] 1.89x10"
Fig %t/ 3 55 Ceramics/ Glasses ¢/a 1.69x10' 3.18x10° [9] 5.37x10"
¥k} Plastics o/a 6.09x10° 7.21x10° [1] 4.39%x10"

13. 6 #E A B4

Transport equipment ( FFff B4R B BHEA )
% Steel ¢/a 1.88x10'0 3.16x10° [10] 5.94x10"
41 Aluminum o/a 3.21x10° 7.74%x10% [1] 2.48x10'
¥ AN IE R R B Rubber and plastic material g/a 2.29x108 7.21x10° (1] 1.65x10'8
#i Copper o/a 6.87x10® 3.36x10° (9] 2.31x10"

13.7 #F FHEAHL™ ) Computer technology

(il U LR MEHRA )
04> J& Ferrous metal g/a 1.25%10° 3.16x10° [10] 3.94x10'®
ZHARE/ B3 Silica// glass g/a 1.62x10° 3.18x10° (1] 5.16x10'
Hi Copper o/a 4.36x10% 3.36x10° [9] 1.47x10'8
¥3K} Plastics o/a 1.43x10° 7.21x10° [1] 1.03x10"
4 Aluminum g/a 8.72x108 7.74%x10% [1] 6.75%10"
HAb4: B Other metal o/a 4.98x10% 4.74x10° [1] 2.36x10'

14 #0155 77 Tmport human labor $/a 7.30%x10% 5.00%x10"? * 3.65%10%

15 JE A AHSEARSS Services associated to imports

(PRBTESE MRS R )
3k A HA4 ) From other provinces $/a 1.80x10' 5.00x10" * 9.02x10%
Sk H 4k Tmport $/a 1.05%10" 1.13x10" * % 1.19x10%

16 JiIFUICA Tourism $/a 2.30x10" 5.00x10" * 1.15x10%

w ROPFOTHRAN ERRMERMIL, « « ABSAN, AR ES T L
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15 AR By EEARY R e (5 DEMPICR G ) AR Ak A B B (SRR AR AL ) kAR
15 YR KR R S B B PR R A R R B A 5 U B R R Dk
(AL G2 2000—2007 ) (P EPRBE GRS 2000—2007) 45

£3 FTEERMIT RIS R
Table 3 Lists of emissions and environmental impacts

b S ALESIR b S ALESIR

i Akl PRI A RGO A
Ttems Damage category DALY/kg of emission  Damage category 0
human health ecosystem quality PDE>mxa
KRIG5YY) kKR CO, AL 2.10x1077
Airbornepollution AR NO, W17 55 55 9 8.87x1075 [ %4 5.71
AL SO, -1 22 GE 5.46x107° [ 1.04
#2 Dust W1 R GEPE 3.75%x107*
—HMZH N, 0 AL 6.90x107°
Mt CH, W1 22 SR 1.28x107
4% CH, SRR 4.40x107°
IKAATE Yl kAR Mercury M S RN 1.97x10?
Waterborne pollution 4 Cadmium FRRCR 7.12x1072 A S TR RN 4.80x10>
N Hexavalent Chromium BUEROR 3.43%x107!
#% Lead A A AERON 7.39
fifl Arsenic ENRE S 6.57x1072 A S T B 2R RN 1.14x10"
¥ %1 Volatile phenol HUmROR 1.05x107°
F ALY Cyanide HUmROR 4.16x107°
A1 0il BB 4.16x107°
P24 E A CoD WERL n a. WHERL n. a.
A NH,-H [CEERCA n. a. wERM n. a.

# COD Hl NH,-N BT A2 A 25 R GE K ol T IR Z AR Gl , ix HUF A %08

4 THRYEEMNEERSIRAZE

F 4 5y HIHNH T 5 P A BRI AR A BE (A A A, X BLEE AT X AT R OR [ B AR R s e
LB AR HE 5 ) 1 R R AT A B S T
4.1 JHT 5Pk BRI A B BE(E HE A

FHF05 Yy b BRI AT A A B BEIE TR LR 4, nT LA H,2006 45, At 50 FH /K5 Y b BN R 05 Yo b 2
AR 3R 1.43%10% sej/a F11. 10x10% sej/a, SHIT5 Y b B A 24 4E SRE(EIE AR (U=4. 69x
10% sej/a) 19 0. 41% ,JT 5 UBIAR /N, THEBCIIE A E 2 AUA 1. 31x10% sej/a, A R KA _ETH451H]
4.2 TSI HiEa AR AR

Ulgiati and Brown AJ—f SCE" ) i i dig AR FCENAT A6 M B O SR RRAR 108 1 SR 3R B R 45 RO R0 4%, 3
RERT DL G 2 A R A A AR B SR (AT TRR 2 R < KR B ) o (R R Bk i A AR b sl AR AR A
BRAINGEVRISE A 118 55 I 75 Bl B ARIE [ SR A ] AR 43 B A = I = iy, — EURR R T BB 48 T AR SR S5 e A
KAEEARAE AT RELE T BER B RE K TP AR A s e i A S IR 55 A R LR 5, X B« n R 2L Mk i
{5 2 R [ b ZROK A8 0T A 1 ( GB3838—2002 ) ) Al [ { P14 25 R T A fE ( GB3095—1996) ) o 34,
SR XGEAEAR E N 2. 50m/s (AL XGH )
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R4 2006 FRATERYLEHTIIIERERNE

Table 4 Additional resources input for the waste treatment processes in 2006

WiH Hp S ﬁﬁﬁfﬁﬂﬁéi@ ﬁﬁﬁﬁwﬁé}? [
liems Units Raw amount Transformity SH I Emergy value
/ ('sej/unit) References /(sej/a)
IKY5 YL b B Waterborne waste treatment processes
17 B J1 Electricity J/a 1.48x10% 1.74x10° [1] 2.58x10%
18 fL2AE M i Chemical products
Wi BRI A157) Phosphorus removal reagent ke/a 4.26x10° 4.44x10" [13] 1.89x10"
ZLEE5 Flocculating reagent kg/a 3.53x10° 4.44x10" [13] 1.57x10"
A5 Hydrochloric acid ke/a 8.24x10° 4.44x10" [13] 3.66x10"
SR Sodium chlorate kg/a 2.05%10° 4.44x10" [13] 9.10x10'®
19 55 J1 Labor $/a 1.72x107 7.47%x10" AT 1.28x10%
égwﬁii?ﬁiifigfi Ed/i i&io " $/a 1.30x108 7.47x10" AT 9.74x10%
KI5 Y AL B8 Airborne waste treatment processes
21 HF] Electricity J/a 1.06x10% 1.74x10° [1] 1.84x10%
22 FEZEAN Chemical products
BRBR N7 Desulfurizer kg/a 9.52x107 4.69%10" [9] 4.47x10%
23 %571 Labor $/a 1.29%107 7.47x10" AFFRITHE 9.62x10"
éiriiiﬁﬁziiiﬁfi iii&:zo " $/a 5.04x107 7.47%10" AR HE 3.77x10%
4% 74 B 72 Solid waste treatment processes
25 /1 Electricity J/a 6.64x10" 1.74x10° [1] 1.16x10'
26 B[R IR (% SEYRARIE (AR} ) Garbage truck
Bk steel o/a 5.58x10'0 3.16x10° [10] 1.76x10%
R FIER IR plastic and tires o/a 6.20x10° 7.21x10° [1] 4.47x10"
259 Diesel for truck J/a 1.10x10" 1.10x10° [1,4] 1.21x10'8
27 $EALAHBIBRRL Auxiliary fuel for incineration
& Coal J/a 1.29x10" 6.69%10* [14] 8.61x10'®
A Ol J/a 8.35x10" 9.08x10* [1,4] 7.58x10"7
28 $EALAH BBl Chemical products for incineration
F KA Limestone o/a 2.94x10° 1.68x10° [2] 4.93x10'
BREREL Carbonate o/a 2.94x10% 1.68x10° [2] 4.93x10"7
29 5577 Labor $/a 4.87x107 7.47%x10" AWFFRIE 3.64x10%
;&ﬁiﬁgiiﬁgﬁj@fﬁfﬂzm i $/a 1.45%107 7.47x10"2 AW E 1.08x10%
HERC B FF i FH} Recycle and reuse part of the emissions
31 H%% Methane ke/a 1.30x10’ 5.22x10* [14] 6.78x10"!
32 Ak} Fertilizer kg/a 4.90%10" 2.68x10° [1] 1.31x10%

LRI A 2006 47, AL 5T Beod AT HERC B /K A5 Qe ) 22 g 1 3l A 7 i A T S St A i R R
TR S S Y AR AT, AR A RGN TR R 05 e BT S 43 64 IR 55 R 2 AR T A e K M35 e )
I, AE AU EOHCE AT S e (REE T B sCid s AR 55 A S A AR 5547l ) BK IR TS e 05 T, 1S e W)
Rt , RATG Yy rhids AR AR IR 55 BRI R R 1y — 5L (3. 95%10" sej/a) |, IR, AT YK 4435 B )
Hh TR R 10 A 2 AR 55 SR A RE (LA Y2 NH,-N | Fe A= 7™ i R 5 2 B ) A AR S5 4R BERE (R 10 A5 LA L,
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R5 2006 FEERRERBAPMASHERLMHESRESEZRE

Table 5 Ecological services needed to dilute some airborne and waterborne pollutants

TH PR i R N~ Az 7= i FEHERR i~ 2006 {11
, SR 2006 . SR
Emission in E ]| f(f)x E {E; Emission in 2841 R ?(ZUX Emerg
c()nsumpti()n Items e ) merg'va e producti()n Ttems e . value
Concentration /(sej/a) Concentration R
process process /(sej/a)
1 S0, 2.00%x107?mg/m* 3.95x10" 6 S0, 2.00%107% mg/m? 4.53x10"
2 PM10 8.00%x107? mg/m? 4.21x10" 7 PM10 8.00x1072 mg/m? 5.43x10"
3 NO, 5.00x10 > mg/m® 2.70x10" 8 NO, 5.00x10">mg/m’ 1.81x10"
9 %% Cadmium 1.00x10™* mg/L 3.01x10"7
10 % Chromium 1.00x10 2 mg/LL 1.37x10"®
11 #t Lead 1.00x10">mg/L 3.16x10"7
12 fifl Arsenic 1.00x10 > mg/L, 0.00
13 ¥£ %1 Volatile phenol 2. 00x10 7> mg/L 5.85x10"
14 FALY) Cyanide 1.00 mg/L 1.51x10'
4 CcoD 1.50x10" mg/L 1.01x10% 15 CcoD 1.50x10" mg/L 9.30x10"
16 £ 0il 5.00%10 > mg/L 2.19%x10%
5 HANH,-N  1.50x107" mg/L 1.21x10% 17 2% NH,-N 1.50%10™" mg/L 6.49%x10%
Ry~ Max(1:3) 3.95x10" Ry~ Max(6:8) 4.53x%10"
R« Max (4 :5) 1.21x10% R Max(9:17) 6.49x10%

R, TS § RS G 8 ] 452k B2 10 A 3 e 55

T R AR ST, BRI T — IR e A Bt R R P RS AG 5, XA — TR
BRI T X A AR S5 R v] DS R B S PR is e B “ I A5 2R L $ie 41t ,2006 4FJ0 5t iR K S i
7.6x10° m®, T YAFEFR BT SR AK 0 3. 0x10° m? | AUE i A J& 0l 2 19, (R AR A7 AE IR BE 75 S (B ) AL, ol %
RIS R PR T A, A6 e AR R A 45 /N K A SR K R it BELAS AR Y B SR 2R, ) 5 10, AR
FH e B 7K R AR B4 T 2K 56 4 AT RE 2 Y b AT 1 A SR 5L 45 RE T
4.3 IS YWHERS | B Rl A RN T R R A% A

KA YL 0o N A 5 1 52 i) A 55 T 22 e 5 RS AR AR A6 KA Y5 e %o L 2 i G 938 S50 S8R A
BN X B 6 AP TS Yedn (SRR, Ry B, Rk, b, AR A 8
IR BTG OR 58, 7S il 3 WU, A2 ) | oAt Ts G B TG 0] R A

2006 4, FETTIE SRt AR b el 6 AR AT YL i I TR O R 1. 15%10% sej/a, KARTS Yes i
N A 2R G5 370 /N T8 S0 Gy T T gk AR ep ) U AR AR 2 AR (AR AR ) AR R T SR R e A
SR EIUL SR 6.23x10% sej/a, AAMBRAY LA BRI EL H T CO, N5 RE IR, iX
Al g CO, 1 MR R0 2R S KIS
5 HWHREHEES

MK 6 AT LU, A 1999 4ELUR , Jbat SRRIEE FH & (U) LUREAE 19. 88% 1Y 3 BE R KT K, 78 2004 4F
IRENEAE (25. 11% ) , X SR BCETF RS DAZE B 8 0 e i R 2 AR TS FEAY | 3 ) & 2 40 g r Do T
b PR A Jg T 7R T ) A BRI X AR T RE IR AR | 55 B ) T AEIR] DY I

AT HUHT IR (A5 R BHRE (MK BE  XURE M A RE S5 ) ZE LA S A I R R ER B/ AR — &, [HARE
B, 0 TR B T 3 HURT B 0 i 28 R T KRR (R R ) A HBAS T P AR DR IR A (i FH O B, 32
BN KA BRI A T S 2 SRSl P it B AR R, ph b st A ok i A 1R A ik
R4 I REAE A B KT F AR L3RR Ak 38 (=
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F6 FEITEVERMESEFRKEILT 1999 £32) 2006 FREERZER
Table 6 Summary of flows of the city 1999—2006

A AL TRIRRR

Varable  Unite Tt 1999 2000 2001 2002 2003 2004 2005 2006

ariable nits em
WEHRRA

R sej/a Rciji}jlcsfmes 1.05x10%"  1.05x10%"  1.05x10%"  1.05x10*'  1.03x10*"  1.03x10*"  1.03x10*' 1.03x10*!
VLI AT E N

N sej/a  Nonrenewable resources: 1.69x10%2  1.18x10%  1.47x102  1.88x10%  1.75x10%2  1.94x10%2  2.01x10% 1.37x10%
N=Ny+ N,
JAN: B

Ny sej/a gfﬁjﬁmmmme 3.90x10"  3.90x10"  3.90x10"  3.90x10"  3.90x10"  3.90x10'  3.90x10' 3.90x10'"

N, sej/a ijﬁﬁmm 1.68x10%%  1.18x10%%  1.47x102  1.87x10%2  1.75x10%  1.93x10**  2.01x10% 1.37x10%
HECR &

G sej/a };pj’;g”goods 5.20x10%  7.45x102  8.68x10%2  1.01x10%®  1.21x10®  1.51x10®  1.73x10% 1.89x10%
HE LA

F sej/a ;lpoledéjj 9.94x10  1.07x10%  1.10x10®  1.07x10%  1.18x10®  1.36x10%  1.50x10% 1.60x10%
PRl

Pl sej/a Ethiiiiwices 5.05x10%  7.28x102  7.63x10%  8.37x10%  1.13x10®  1.38x10%®  1.70x10% 1.02x10%
TN

Py, sej/a ;iﬁ:’;%ﬂ%umm 4.46x10  5.52x102  6.85x10%  7.17x10%  5.21x10*  8.50x10%  9.74x10% 1.15x10%
\;I—_l-; E‘L\b"‘

Pyly  sej/a fﬂ;fﬂiﬁ;imwnedlabor 6.62x10%  9.43x10%  1.29x10%'  1.44x10*'  1.87x10*'  2.33x10*'  3.65x10*' 3.65x10'
24 Ak M A B 77— ol
MBEM R U=R+ N+ G + F

U sej/a +Pb1+PI 2.20x10%  2.68x10%  2.91x10%2  3.13x10%®  3.73x10%  4.47x10%®  5.18x10%® 4.69x10%
2 213
W e ¥ e W B I A S TR
=N

R, sej/a ]‘j:%mgjrgy of ccological services 2.63x10%  5.19x102  4.91x10%2  4.99x10%  4.43x10*2  1.90x10%2  1.60x10% 1.42x10*
needed to dissipate the emissions
H TG e U AR B B0
R=1 =N

. 124 L

Ly, sej/a B 1.59x10%"  1.71x10*"  1.75x10%"  1.78x10*"  1.97x10%'  2.55x10*'  3.02x10*' 2.58x10*'

Emergy of the human life losses

caused by the emissions

SRR SIS PN Ty

Ly, se/a  Emergy of the ecological losses  2.65%10! .82x10%"  2.66x10%! 74x10%" 2.42x10%"  1.81x10%"  2.71x10%" 3.01x10?!

)
g

due to the emissions

TR PP Y At o
B SN

. L87x10"  2.75x10"  3.96x10"  4.84x10" 4.98x10"
Emergy of the land occupation

1.21x10"  1.54x10"  1.76x10"

—_
—_

L, sej/a

caused by the emissions
LIBREE 7L G INERN ST IN

Ew sej/a  Emergy investment for 1.33x10%"  1.52x10%"  1.62x10*"  1.99x10*"  2.37x10%"  2.85x10%"  2.73x10*' 3.24x10*

waste treatment

TSP LI 9 1] i

. 35x10"  8.15x10"  1.17x10%°  1.45x10%° 1.31x10%
Feedback emergy

2.35x10" 68x10"  3.19x10"

(58]
W

F, sej/a

F 6 TP T 2006 FAbnT FEH O AGRE R, #F HEH 1999 4FE1Y 1. 51x10% sej/a BRFH 2006
AE1) 3.49%107 sej/a, RIECTAYRT S, AL A BRI 8. 84 %107 sej/a L FHE] 1.35%10% sej /a, ¥EHK T 1.52
B, M (AT AT ERAE) i 4. 32107 sej/a BIKF 1.70x107 sej/a, B ERIIN T 3.92 fiF, XKLL
ARETb I 28 T R T FOR A T it TRt 152, X L U T R IR A T o iR 1 TR A AR T
a0 AL S B R A I BB K, AnER 2 R, db Rtk O A IR 55 BEAE A B 2. 04% 107 sej/a, H 1999 4
BT 4.04 fi5, T HE O REA LRI, SRR A AR TR S, 540, @k PRt DRI, & B HiAl
B IE 1 A 552 A RS 1Y 7. 6 A5, 3X PR AL 5 (0 1 AP SRR T [ N T S (R) A L5 A% 3, T it U
S AT 95 s B 2 AR 1999 443 BB KT 2. 58 %A1 5. 52 1%, 1999 4E51] 2006 4F | M= A& 5t i
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B IR TSR BEIR, 7T LA 2000 A 8D 10 5 S i, 33 0 -5 Jb 5 48 R B2 1 KRB AR G
A o s o 2 E 7 S B MRy SR B N B YN ES P S W R S B W R T A AR U bR I ERC XS N
(11% %) 13% ) , SUcFEE U S T XHE AR IR A, RIS C BRIE N5 U KRR 9%, o K gt 5
Ll A — B, AT SRR I AE A FH v ot A IR 55, SN A 49T 2% et T ot L ) A O 1T 5 G G Y
SRR AT SRR S, MIAESR 2 IR T RIERT Wb IR 55, o1 LA 2, B B AR ™ i LA <R &
3G BA 5, 3R 6T A SRR R AR S UAR & AR R AR i R B B AR 7= T I 2 I B R Y 55
SRS , (FHARL S U T Y B T FERBIEL IG5 3 137,
6 JEEMEEEISFRS T

FEARTT I 38 RRIE R AR A AT ok B 5 A R A A TR 45 R AL
6.1 FREfHME

FE(EL 5 B i S T RRUET P RB (0L, e b T DA IR 38T 22 0 0 s sl ol SRt B AR 29 B2 B . Nk 7 B
7, E T RE(ESRIE , DN 1999 A1) 1.85x10" sej/m” HEK F 2006 41 4. 59x10" sej/m” , ;X F B 7Eid KL,
AR TR 2V IS T A0 SRR s . MRS h T LUK I, X — 38K 2R MR
(HAL R R DRSS T s | S 0 . 454 REME A S5 Andb st NS Re(E A &, vl LUE 1, 7E L st il A Y B ot
U8, AR R AR D RS IR S S o AR 55, it B OR A, XY |l B A AR 3 KT R T 22
T R SR 58 A M T AN B IR A 3

RT BEREHINER
Table 7 The table of emergy indices

TRE b 2
):L i RiRE 1999 2000 2001 2002 2003 2004 2005 2006
Variable Ttem

EYR U/(G+ F + Pyl + Pyl3) 1.09 1.05 1.06 1.07 1.05 1.05 1.04 1.03

(U+ Ry+ 15+ 1,57+ 1 5)/
EYR’ (G+F+ Py + Ply+ R+ 1.08 .04 1.05 1.06 1.05 1.05 1.04 1.03

Loy "+ L, "+ 5)

ELR' (N+G+F+ Pyl + Poy) /R 208 254 275 295 361 434 502 455
(N+G+F+ Pyl + Pyl;+ R, ™ +

ELR ) . 237 307 325 347 409 456 523 474
Lo "+ 1"+ 1, 3)/R

ESI EYR/ELR 5.23x1073 4.14x1073 3.85x1073  3.61x107>  2.91x107°  2.42x107°  2.08x1073 2.27x1073

ESI' EYR'/ELR’ 4.54x107 3.39x107>  3.22x1073  3.05x107>  2.56x107  2.29x107*  1.99x1073 2.17x1073

6.2 b/ agEHy

XTSRS0, RE(E)E RS2 AR A AT DU I F A e IR o R 1, sl ad P LR B R
—ANE DA A Z A 2ER, —Fg A/ e

— AN A RIS A R L (R A B T P A Ao e 25 01 2 Bl 9% 3 ) A [) b DX 22 [ 1) 57 5 A B ) i
o PHNREEIK P R3E S B T BIE MW E " AT, R, MR GE i 52 5 I 0 & AH Y ARl Y, A, 24
TR E R 5 8 0 Ee i an SRR AT 1, W R s s O LS I E X S R — A AR R
Gy 125 S HE R T O B R/INT L RS 1 11 S i ) A I — b AT 3R G IR

M 1999 4E%] 2006 45, Jb T Y H F/3E 0 R ER R/ NT 1, ZEBb A a], 63 Tl Al bR & iy ok 1 bRt iy
REVR T K, f AR AN 1999 4K 1.01x10% sej/a SEANE] 2006 4F(9 1.90x10% sej, X BEHRELH) R HR 32 HI
FTolk SO FNASE TR, AL, 0 R L A e K25 55 EAE 2005 4F 1T 2006 4F 4 H I REE L,
6.3 MEIIN

IR (ELR) S2 A b AN AT P A e (B NI SE RE M (46 Ik 55 ) S AL T R A R (Y LUAE . AH LE—A>
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B A VR G PRBE R ) R, 3R W LT 22 MO T IR A SRR, b st PRBE R R BUE S R 2, A
1999 4E (%) 208 4K 2] 2006 4F1Y 455, X FREHE HUE R4 5 B3 & SRR P gt — A~ AR 2 rhusy " I MEITTAS
SN B E AR R 3X — TS T 23 A ARG R AR RS
6.4 IIERIRRELAE RIEEL

PRI T 50 R R B B 2 350 25 (EYR) 5 M I BRBE 6 17 (ELR) Z b, A8 e 4 BA K E 48 &
SRR R IR T INE W &0 REMIRAEE R 1, WE BRI T R = Nt &5 b i SebryfEH , R
PEAS A BB AT H52E & PR ., BRI AUt M T RS & R R B AN BT T B, it 5 AT 42 0 9 UEE A0
G E IR 2 AR b AR A T AN T RS R SR AN A
6.5 fEIEJEREEHIEIRZE BT

RBAE ™ 2R (EYR) 1T LA A i 08 5 A0 Al A 1, A 38 380 O 22 ) Sl e U AR R, A ] B B 4 1)
PR AT LR R . TEk LR A A T2 58 115 Yt i A 25 RN 28 B B S5 XHHR AR (A 2 ), DA v mT
DA SRS RE(E ™ A R R IR R K, RO AE 1999 413X 5 Y ) HE RS K B ARy, T 3R £ o 36
(ELR) MsZma R, I S faf 2 i — 20 B i (ELR” ) 25 BT e i A S M Do e I, i Tl A i &
BRI FLAE M RETR B0 T AR A

IS T RFSLAE bR ESU A AE A BE(E ™ SR RIS T 2R 00 OB, R ZE TAHR AR, Tl 777 s
(EYR'<EYR) LUK I T i %6 (ELR' >ELR) B Z55 300, I RFSE 48 40 ESUE W3 T B, 78 1999 4F T [ B
8,35 8.2% ,2006 AT 3. 5% WIREAR AR IEA WA BIFBAT oA, WFE BRI, B T i5 e 0 HERC 52, o
S Ak N AR A5 1 52 T R T A S AR 5 2R R R T 3R T AR R G ) TRt

XoF HE T AR IR T AR A ST, Horb Li and Wang 3158 1 A K EEICIBEELE S N 1. 0610 sej/a,
ELR 4 104.60""7" ; Zhang 535 AL 5T 2004 4ERE(E BB M 6. 514 x10% sej/a, ELY b 531.23'" | 2 Ai4E R
3 25 SR I R T LA T F T DA B L 11 52 2% A 3K BRI v al R SR FH A 1 11 R TR R R AT S e
PR SE PR R SRR SR 9 57 Sl AT R 55 (R 22 (TR Sk 11 R A LA BN N T L A B
EHR ML) 1t 0 5 Y HE R, %A 25 5 e HE R S i 2% 2, T AT i ELR ok,
7 Wit 5%t

A SCEETAEF AW, LA s R 6, s FH A ST 5 0 7 i X L 3 T 1999 451 2006 4F A9 AR i 72 2
TR 208 R B A i R W BB AR TSR UEA T8 1E TR A T AS R RUBE A 5 b Sk 8, 53 T HE B ) R B 5 i)
(B RAE 1), FEEBUATE T (1) BEESB AR R 1L (2) 2 R ERBAEME R 5 (3) ey 2
SEY AR R < T L B aE R R S AR R A S IR T AN TR

XFEREE R 4E 2 0% R Ge 2 0] 1 56 2R 0] LAAR 25 5 bl gt o FLAR B Hh — AR it AR R (LR 1),
FIFHRERETR T, Rl b X 22 18] A4 g JEA ) 5 A0 37 31, LA SR RE G ol (Rt ) ML, s R T AR LAY R
B SRR Eh SR,

N Z RTS8 RR 3B 14 225 5 T AR U A — SN S FRAT T U A 4538 , ATk DA TEE] Py HAth A T 19
12 b At R 308 101 15 527 A% 5 A st ol FH A R A Sz AN B HL T I 2 S A 1 6% 1T 5 b e e v ) P 5% 47
TEAN AR b T R AT LIS AN 5 1 B T GDP RIRE (R {1 6 i)« R4 A5 SE b st 2 05 1 R R AE R A R4k
HYIE BRI 25 (1) o

WE 1 PR, BEME M ZE 245 DI T ) [ S e A S Bl 4 Bk BB, T 0% TR A R 58 59 B4 15 i 5 R (B 7
Jrmsh, TS ERAFEARTE AR, T2 AR 1 FE 50T DL 1 in e 58 A i 12 18 52 B £ 0 R (LI 1 iF
AR T-1 38 5 P LATR B2 —Fh H A LE T DX FRHG 58 048 78 1 3 SO 17 38 22 SEBRAg L& T 4%
PRURT T 573 A B AN I W AR 224 0 ) 3 P2 B TR DR R ITTAZ o ANIEL T AT U ) s R ASUR 4
HIZR A7 A, SR 6 W) 0t 5 Rl e 1) 2 DXt 3, Ao A0 X8 1 36 R0, SXCWaE i 1 RO A 2
(8 245K, B o0 b X A BOVA RN 22 05 ) o, 38 5 4 ARG AR R AT v [ (15 T S A, s T — 2l A%
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Fig.1 The urban metabolic system position and role in the national and world system

DX RER AT

K1 TS — ARG T X A2 R E R BRI, b T2 U8 R (B i B 42, i A — A
TGRSR AR A, TS R RIS A AR R BGE R , (ERR AN TR S e (19 7%5 B A REAUR T
AS 3 B4 V- RO T PO T 4 [ B 2 AR A AR 2 XU, 2 RS Y W A 1 2 R A A R R R I
FAAEA,

a0 b prid , HRE(EIX AR — S RE i BT AOME & T2 AT Y, R DL R — A 27 i 2 T T SR 2R 0
ST A RIS, AN A e A5 LASE IS [R) A8 3 T n] B2 07 1 A= 7 3 s T 2 BN R f 4 T A
XA R R rh A S R 2 M OIFATEE MR E TAHLZ R AR R, TSR
FI 4 %8 HE B At 11 BRAGRF SCA A HTT A I BT —E SR R Y, I I T — b4 [ S B el 42
BROCIR A SR AT, Tk 20 MBS R T e 285 BR300 BN (B A B3, T I A9
ANATFFEER RS B R R A AL I, ASHTFERIEE T30 | E R Bk 2 R R, B (i i RE i A 58
Sy it R LA BR OGP IR TS ] DS AR 7™ B4 i B R A 77 2, AR T —Fh SR B (E ey T AN [R] I
AR ALY SR BUIRSS AR SR B R0 28 2 i, Hme A M B G (LR A T R R T B A 3k
T E 7 SR BN S5 0 ARG, s B ™ i AR B T BRI SN (EL, BT LLREAEL 0BT ) J5 0k AT L G — B S 3
AR, SCBS BAR B IS ., AFFEI D S i AR T 4 i — S8 B A, Dl S B &
GEPE AR AR it —E I BIE SO
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