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Abstract: Eco-city construction is a key node in China’s urban transformation and development, and plays a driving role in
China’s ecological civilization and new-type urbanization development. Taking Xiamen, a typical eco-city in China, as an
example, by calculating the emergy flow of the urban metabolic system of Xiamen, this study constructed an emergy index
evaluation system for Xiamen from 2010 to 2017 based on the combined emergy analysis of urban metabolism, selection of
emergy sustainability index, emergy index of sustainable development, emergy index of urban health, comprehensive
evaluation of the ecological sustainability. Some emergy indexes were compared with Zhuhai and Shenzhen, in order to
provide scientific reference for the sustainable development of eco-cities in China. The results showed that (1) the total

emergy of Xiamen's metabolic system presents an upward trend from 2010 to 2017, and the total emergy of 2017 is 2.51%
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10* sej, which is 1.65 times of the total emergy of 2010. The emergy of money flow shows a significant increase, and the
emergy of waste is gradually decreasing from 2010 to 2017. The emergy self-support ratio of metabolic system in Xiamen
gradually increases from 98.30% to 99.20%, the emergy yield ratio gradually increases from 8.30% to 15.20%, and the
environmental loading ratio is less than 3, which belongs to the environmental low load state. (2) The emergy sustainability
index between 1—10 shows that the ecological economic system has the vitality and development potential. The emergy
index of sustainable development increased from 3.67 in 2010 to 7.76 in 2017, showed that the sustainable development of
Xiamen is better. The emergy index of urban health rose from 6.21 in 2010 to 25.80 in 2017, showed that Xiamen's
ecological system is in a state of healthy and sustainable development. (3) The comparative analysis of the emergy index of
Xiamen, Zhuhai and Shenzhen shows that Xiamen and Zhuhai are both in the stage of abundant economic vitality and great
potential of ecological sustainable development, and the metabolic system of Xiamen is better than that of Zhuhai and
Shenzhen in terms of sustainable development. (4) In general, under the construction of eco-city, Xiamen’'s urban
metabolic system is in the stage of sustainable development. The construction of eco-city is conducive to the sustainable
development of Xiamen's ecological economy, and this study has theoretical reference value for the construction and

sustainable development of the same type of eco-city in China.
Key Words: urban metabolism; emergy analysis; eco-city; sustainability; Xiamen

R PO |t S PR R M BB A N5 RSB Z I i 7 G AR 2 L TR, T A2
AR SR AR ] A AS 5 35 5 AR 8 Y55 SR A T Rp 8 Joe 2 vl [ (g b SR B 4, A — TR M s AR 253
ST HARFIEARAL (2855 Al Fp R At o FE A0 i) B B E 5 SE AR AR R T 7E A v UK
B BOS (1 — e BTG, Al S v [ A 25 SR AR B AL R IR B R AR

R B FORUE T A E R A ZUE 1971 KRR < NS BS  B AR A
9% Yanitsky 55— UCHE ARSI IORES:, 58 HH A 2SI 02 AR RO A s PR BE ) v [ AR A
F ORI E A 7 1984 R BB 2 — AW —ARE G ES RGN P EASMA O, E, 4
AT SR A A 2 S BRI S 1 — A% U, W5 | TSR T )z e B, AR
TR A I, AR ST AR O 2R AR T A 2R e SR A XL T T A S T AR A R
REFA AL AR R AT R R A BOWTE , AN ORI AR 259l i 2% e AT B2 228 (L, [ g o [] 28 0 A 25 ik i
AT Rr 2 K R HAT ARG B BB S (L

ARV TR R SR e LR R O B2 IR NG T HOR IRBE AL 2o s FE A 25 1
TELFTIRE A ST, Ay BRI (1 SRR I5E45 85 e i =2 8] A BIDIR 5C 2%, 2t H A [ PN AR 25 PR 58 U 5
RO IR AT RS 20 A R A T S HE AR, AR A FE PR L B AR 1 < R — RS —
R U BTV AT ST S A S IR SRR . WU A M 2 1 43 T kTl 28 5
FREMAES RGP BRI R A SR TR it R AR R FOREC ) e A
BIRB I T — BTG AR L A P PP E A A i SOIR S5 O BRBE S o AR TS RE T AT LU
Z P TS R R SR, T PRAS e N AU B A T A R S S A F R G ERBA T
(R WL A3 T 7 T 20 1 RERVRBEIR Y DTk, A 25 R SV AR M 7 A TS A B A SR 2L Ry J 0 2%
2R S AR SRR AN BE S W SR e T A R s

1965 4F- Wolman 5| ASHTET RACHHESL , 15 H 00T 28 GE 128 02— A 52 2 BB RAC o At 3 acd 3 vk B
BRARISS AT LI RGeS RIATH R I, AR SCR I3 4 nai AQIHHE SR , 455 B B3 ik 26 i
JELT I AR R GE ) TR PR SRR AR Al B . BB AT 22 h SR AR 252 K Odum > R Ay — A 1o i e
]z HRERE B i X AR AR 5T R YT HFLE R 7 ik, al DU XA 25 R GE NN R 2 55 R G0 A A Y 1
(5] IR 25 5 BF 8 DX I ) el el e SRR A i 25K ek AR AR S R BRI R &5 R GE T FR Bt e i &

http ; //www.ecologica.cn



4344 JAE = 41 %

J&, AR, N AN A0 REAE S BT O T4 A U K DX, AT T R i TR B T ) 4
fn, FE A2 30 2 B A3 0 4 DR ) P A X B R G EA T T AT RS S TR, 20 TH42 90
AR BB S WO T A IR T A AR GE 0 L AE o3, A B MIAE [ 98 P2 W 05UR AR 25K 3800 7 Tl
BLRAL T L XD BHBR T I B | & BIOE B 2 B 4 5 0 R ) S BN G 1 R SR 342 e
SIRTEATAR DT RS A DR 30l I N A3 T2 AR AT 7 B B 5 AR T T3P S T X3 R G 1 T
S, e [ Y S R

Hh [ TEAL TR s SR A RS0, A 2 i sl B i T e R T ) S ,  SCHR R AR A B, AT e = X6
(il AE 25T B8 PR T A DRI, A T B PR S Sl B P o 80 v ] A 2l T 2 e ) S — 2 1D Tl VR S i 5 %
G, BT ACEHE ALz FRE(E o0 AT i Al 1 T T RE AR T AR S A PR AR 2R %) 2010—2017 4F J& ] T vl 55252
VEREATERE VAT, Rl BRI T DRI HEAT X E A A7 , R GE VA BT ] i 22 25 R e AN SO0 S T A 25
SCHVRET R B S B R 22 01 [ of X ) 286 20 A 2 Tl Ay et 1 AT BB (i 4 7 &

1 HARRMRAERARTE

1.1 AR5 MRS

JE T i b Ak v ) 2R i VU, A A AR R S, A 5 VT e v R P v I ) 4 = A A PG e AR e RV R
T 8 R i b DXL ) By B YR 0 4 5 5 R D VS 2 R, M T AR 1699.39 km® (2017 4F) |, Jm& R 3 Ak T
Z A, 2017 4 JE T T AN 401 J7 A, 24X A= EBAE 3784.25 4270, #AE AN T A GDP 24 97282
JC; AR S R R 98.9% , HEIX S AL B 75 K 42.93% , AN B 4 i AR 19.98 km?®, bAb, JE ) AT IR TR TS
VR P K/ 31 )8, HA RAFR AR AR BE IR,

H 1980 AFHER A TFREX LIOK , JE 11T X L2 ok N ) B2 16 s, B2 A T i AR T VS U i s S, B
I IAEX— 2 0 T Dk, kT Ak 2 i 1980 4 35.0% 38 i E] 2016 4/ 89.0% , ik 1T i gk A1 Tl
A PR e JR 2 > b A AR PR A ok TR 0 TGS bR R AR AL RN BT B = BBk BT T AR A AR AR S
W, UG T — € UK, 2010 & 2016 AE4RA0A w5 5 1 39.8% 42 i3 42.93% , 7 2016 4E9 1E An 44 2 I 5K
ARSI, 7E 2020 4F 1 H 53K ER A S AT,
1.2 Bk

B ARAT 2011—2018 4R B[ T AR IR S 2 Br et Bl , dt 7 RE A AR BRI U 2 . g
Dt S A AR IR S B0k B CJELT T T &8 B e X AR 28 (2011—2018) ) L 1T T & 5% Mt 25 & e e it A 4k
(2011—2018) ) (BT TS A (2011—2018) ) ((HRAEEA GETH4E 4 (2011—2018) ) s (IRYITT G H4E %
(2011—2018) ) ( TEIITH 2 Fikk 22 & G A (2011—2018) ) (IR T HAEE S 110 4 (2011—2018) ) |
U RAB G (2011—2018) ) 3  BR VT S8 T H4F 45 (2011—2018 ) ) | BRI T 257 Fat & & RSt s it
(2011—2018) ) (R T AL AR (2011—2018) ),
1.3 5Tk
1.3.1 REMHAHrL

BEAE AT 7E e — A &0 L 28 H B T IE 0 AS R RO X8k T 52 & S e I 922 & i vk, e(E RS
Odum $E1}, £ B T X IR G0 P RAENR . fERE(E S b | R (B SO B3 e 422 1y FH 1 7=
o R 5T S R A R R Y L B TR BH BB A AR R A R AR T o, Bl T VR B A 2
Mg BN KPR fIFKR sej, REE/HTIL Hi BEMARL 00k A SRS A TF R G A o] B T HUAR
UMY RE R 52T IR S5 S 540 A R — R A8 A (BD R FHBE AR H) o 6T K BHAE 4 = 2 A FE X A e U
FEIRANIERSS , o] DA% HL AR X Sk A B AR 3, P LA AL 2 BREE 22 0F 3 AN IR 4 B 25 0 i K R 40
B A RESE A S K ST, KB BRI FH A BR 9 4R B8 IR A o B A S X & U R R EOR A EE TS 5

=\ [35]
)= R

http ; //www.ecologica.cn



1134 PNGER A ST REEL AT L 113 AR T R A 4345

1.3.2 iU R G ReE

ST REAE A 4 A T BT i R GE AT Al Rk A (8 F2 2O BRGE A

(1) PRI A2 285 RGN, IR REE AR SR, W 1 N E T T REE R SR, E2WoR T
I B AR REAEBE PRI B0 s O

E1 ENETRERGERERSEE

Fig.1 The emergy system diagram of Xiamen metabolism
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Table 1 Urban metabolizable energy index of Xiamen

Ve e Emﬁ:ﬁﬁﬁ%i » fi i 23k

Resource category Raw data L. Emergy /sej References
('sej/unit)

T HEH TR (RO) Renewable resources

KIEHAE Sunlight/J 1.61x10" 1.00x10° 1.61x10" [21]

XHE Wind energy/J 2.21x10'° 2.51x10° 5.55%x10" [21]

7K fE246E Rain chemical/] 2.08x10' 1.74x10* 3.63x10% [21]

7K #BE Rain geopotential/] 2.61x10' 3.05x10* 7.97x10% [21]

HIERTEERBE Earth cycle/] 1.79x10' 2.59x10* 4.65x10% [21]

WIRAE Wave energy/J 2.85x10" 5.76x10* 1.64x10%° [21]

A HH R IR S (R1) Renewable production

AL Foods/J 9.92x10™ 1.14x10° 1.13x10% [22]

Bh2E Vegetables/] 2.33x10% 7.37%10* 1.72x10% [22]

JKIR Fruits/J 1.10x10™ 8.88x10* 9.79x10' [22]

2 Meat/J 6.78x10'" 5.31x10° 3.60x 10! [22]

ARATHEHYEIR (N) Nonrenewable resource

F R BE Soil erosion/g 4.73x10° 1.68x10' 1.61x10* [21]

Hr R RS BE Topsoil loss/g 1.04x10% 1.23x10° 1.28x10% [22]

JE Raw coal/] 2.10x10"7 6.69x10* 1.41x10% [22]

753 Gasoline/] 1.46x10" 6.29x10* 9.21x10" [27]
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Emergy transformity/ .
Resource category Raw data ( sej/unit) Emergy /sej References
SR Diesel/J 2.83x10' 6.60x10* 1.87x10%
PREHIN Fuel oil/) 1.08x10" 5.40x10* 5.86x10" [27]
FEEF (1) The flow of imported
JRWFICA Tourism revenue/ $ 4.36x10'° 8.67x1012 2.34x10% [31]
HNREHEFE Foreign investment/J 4.73Ex10" 5.40x10* 2.53x10'® [31]
JFHE Raw coal/] 2.03x10"7 6.69x10* 1.36x10% [31]
V5l Gasoline/J 1.42x10" 6.29x10* 8.90%10" [31]
&I Diesel/J 2.82x10' 6.60x10* 1.86x10% [31]
BRRH Fuel oil/] 1.07x10" 5.40x10* 5.75%10" [31]
H 1037 (0) The flow of exported
7 Commodity/ § 3.47x10" 8.67x10' 4.82x10% [34]
k%5 Service/ $ 3.36x108 2.50x10" 5.23x10%! [34]
RV (W) Waste flow
JB T Solid waste/J 6.64x10" 1.80x10° 1.20x10* [34]
JIE7K Waste water/] 1.07x10" 6.66x10° 7.13%10% [34]
JES Waste gas/J 1.21x10" 5.26x10°* 6.36x10" [34]
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Table 2 Emergy evaluation system of urban metabolism in Xiamen

FbRIH FhEA EBe

Indicator items Expression Implication

*4F A48 Social subsystem

HE(HA B ED Emergy density ED=U/A i i RGP R

A F7R#84 PCC Population carrying capacity PCC=(R+1)/(U/P) VA ST RGN RS

AYIBEME EPP Per capita emergy EPP=U/P - JE B 114 A 7 KO-

Z V5T F4: Economic subsystem

BB 1% EYR Emergy yield ratio EYR=(R+N+1)/1 M R G Ak

REZC % EER Emergy exchange ratio EER=1/0 W RGEXT AR 2E 5 i as 17 L

AEMEEETH L% EMR Emergy to money ratio EMR=U/GDP M 22 G B 57 T 1 I S R

FI 98T %4t Natural subsystem

HE{E F1 45 % ESR Emergy self-support ratio ESR=(R+N)/U PG AR IRBE S A IE S Re

PR R4 ELR Environmental loading ratio ELR=(I+N)/R U N LR U5 1 Sl 53 1 52 i Rt JiE
AB(E K 355 EWR Emergy of wastes to total emergy ratio EWR=W/U it A= A8 R G HE I R W RS R 5 3 A g
AL EIPAL F5FR Sustainability assessment indicators

] F4E % FEH5 4R ESI Emergy sustainability index ESI=EYR/ELR PN R R G W] 3582 K R KT

E{jffyé ﬁifiﬁﬁzniﬁ?developmem EISD=EYRXEER/ELR W BRI ABE R T T R S PRk R
ST B RE (L H 5 EUEHIT EUEHI = (EYRXEERXED) /

PEAM B EX 3 ?& + N2
Emergy index of urban health (ELRXEMR) PSR R S0 A R

U B HEME Total emergy; A : XIHTIF Area area; R 7] B HHEH Renewable emergy ; N : AN A] BB REH Nonrenewable emergy ; 1. ¥ [T RE{E Imported

emergy; P: A1 Population; O ; tH ITHEE Exported emergy ; W JE Y HE(H Waste emergy
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2.1 FETHATIS A REE IR AT

2010—2017 45 &[] G RE (RS2 1S R R 3 JH v AT S 9 U8 e (A R AR S22 /NI B2 Ty B 2015 4R 31154
Fd5 R A 8.08x10% sej (3 3) , [FIBART] B Bgt i 2 L Thass . #F rm e E AN 1R BE(EI7E 2010—2017 4F
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Table 3 Calculation of urban metabolizable emergy flow in Xiamen from 2010 to 2017

BT/ sej

BB /sej 2010 2011 2012 2013 2014 2015 2016 2017

Resource category

QRS

Eeii};ﬁf;um 7.48x10% 7.48x10% 7.48x10% 7.48x10% 7.48x10% 8.08x102  8.08Ex10% 8.08x10%

Wi > >e!

AT IRRE >

UG 118x10%* 127%10% 136x10% 1.45% 102 1.54x10% 1.62x10% 171x10% 1.86x10%

Unrenewable resource

P 23 23 23 23 23 23 23 23

The flow of imported 2.66x10 3.41x10% 3.92x10 4.27x10? 4.67x10 4.87x10 5.00x10% 5.65x10

Hj H {’i'E 23 23 23 23 23 23 23 23

The flow of exported 4.82x10% 4.56x10% 3.98x10% 4.66x10% 5.02x10% 5.21x10% 4.93x10% 5.26x10%

o ﬂct

%:;i:llhnw 1.83x10%! 2.53x10?! 2.32x10*! 2.17x10% 2.19x10*! 1.91x10% 1.63x10%! 1.66x10%!

HRE(E

Total emerg 1.52x10* 1.69x10%* 1.83x10% 1.95%10% 2.08x10% 2.19x10% 2.29x10% 2.51x10%
A v

22 #HETRSA

ANFJREME (EPP) I A BTG KA R FR & nT RSB Sa i P o R I i R o B4 ] ) R Y
AR A i 2 iy 9 A e A R R (E A e, ol DU I 2010 4F- 2 2017 4F LR E [T 19 A3 BE
E 2 HFEE LT i 2010 41 3.19%10" sej/ AIENE] 2017 4£49 4.89%10" sej/ N , FBH 2T Pl & Jé i
R BT RO A 1 A R0 OS5 e 4 v (181 2) , [RIB R T PN 28 B Rk T n ki TR
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Fig.2 Changes of per capita emergy and emergy density in Xiamen from 2010 to 2017
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Fig.3 Population carrying capacity and actual population change of Xiamen from 2010 to 2017
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Fig.4 Changes of emergy money ratio, emergy output rate and emergy exchange rate in Xiamen from 2010 to 2017
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