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The emergy synthesis and sustainability analysis of city’s environment and economy
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Abstract: Macao is a population-dense consumes society which is lacking in nature resources and almost all of her life support
goods and raw materials depend on import. In the recent years, Macao has experienced an economic boom, as well as social
development. How can Macao survive hemself against these shortcomings? This paper altempts to incorporate emergy flow analysis
to investigate the urban development sustainability of Macao’ s environment and economy in 2003. The research has revealed that
the total used emergy was 220 x 10® sej ( Solar emjoules ) , and the imported emergy of Macao was 216 x 10? sej, while the
exported emergy was about 147 x 10°° sej in 2003. The gambling and tourism industries ( refer to tourism) are the main profit
earning industry of Macao, and they have captured $ 5.21 billion in 2003, with the emdollars emergy 86.5 x 10% sej, while at
the same time tourists only consumed 32,6 x 10” sej, the emergy surplus of tourism was 53.9 x 10? sej, the contribution impact
ratio of tourism was 2.65 times. Macao also benefit from the exchange with Mainland China since they have different Emergy/ $
ratio when using the same currency to compare, the emergy exchange ratio was 1,8 times. These two kinds of emergy surpluses are

the most important sources for sustainable development of the Macao urban ecosystem. Finally the sustainability of Macao has been

discussed.
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WL AMESE T S AESRE NHERARKREHRE, AN KEREYRAMEEYY . O0dum
WRTHEHTR-NFEFRMESRE, B YRR R &Y. B R HEHUE 759 00 9 T Hb IR A0 58 8 A0 B
RBTHAARKREAEER  BE(Emergy) REEMAARCFHERPFOSHS -HEEROK
B RAZRENEME, BEMIANTEREPRXEKNERLTRANEENE, EERFHHEE AR
MitSEEMEMILREM . BEMMIBUESRENETHRSMERLTHREER. AM 20t
8O SEMRE, BEMTH ) ERATANES FUMEFRE!" ", X +5E ANKERBRNREFE S HLE
FHRREMERECEHM, BFTHTEFFENREEM-ASRER, #UEIHINARTE2F R4
ESFRRAEBRBEALBESRFVIWER B K RFRIWETSEE, R AERER, EMNREAEE
FiRRTEER AR B,

20 42 90 ALK, MW A FREEE MM RTIES RO EXE, FXMBRATE LR IT RS,
1996 4 Odum ZEMF“HRERE " HAN BT REITHTEY . BEMREZR—HEENETEYDE
BEBMAESEFEN L EES¥PEARENEHE  ARATH P EEUMANNITE ARTEY
M RN FHERRRY  ETHREMTHERR L RESRELSHFENBFHTR, FEWEZM
BFAFHE",

WIS BRI REHREN, S, RVERRILATEMB IR0 ILKE, S, B
FAL & 22°06'39" 5 22°13'06", Fi12 113°31'33" 5 113°35'43" 2 6], R[] ¥ & BEIRS okAF 5 70 vk 0% K #4
B, B 27.3 km®, A 441,600 A, BITHEERS, AMARE, BRI 10a RIS THK, B £ FER &
EYRFERNFERMBEERE, BIIE U B E RIS, -8R RN R L (LA F AR iR ) 488 ol &
W B R AR, 2003 EAME MK 11,887,876 A WA AN IAEE RS 1,518 BIIE(1 3£IC =8.033
WITTE) . BRI LR T Sk 7ol B 0 SR kT, MR L B A A 58.2 {2 T, T 2003 4
G S T3.7% . BRI B E K28 FUE SN, HEh T M 2 B A R <, 2003 E 2K B
14%, BEEFEAM SR ATERFNLH X R LH(CEPA)  ERXSE, PEXMERIBR A HT"
HBTERHRABMEBEMERE., AXEREARERENE, BT EEWE-GEE, fRRRTOM
ERFFEERPEE ERBRTAERFRTRHERE
1 Hi&

' 518 (emergy) RIEE MR AR HERPHELTH S —HERNEER, FHRENEHEZREAEET
K PEBE, B KPR Bk B R A R A BB R R F SRR SRR KRR,
2 H BT B A A K P BB {8 (Solar emergy) ,ﬁ{ﬁjﬂj\(mﬁﬁﬁﬁ(sej)m -

1.1 YRR THeEE TR

§ 18 %% # 5 (transformity) TR AL BE R ()WY K (o) BT R G HREME, BRI BB B YR h £ KFAREHE
BATR, EEREEEEREMSFHRMNE,

M = rx B (1)
A, M BREME,r RREHERE, BREEBIYENRE.

BHEAMBEB/ATERUNRTERXER MR AGBERT LR, RTX:

M=Fx(M$) (2)

MR 1] A S BTEE 34900 sej, JE 4 AN 9 BEELEE R BE R 34900 sej/lo FEMESMHTEILR LA B MM
{Eﬁﬁﬁm%%%*%ﬁi?&ﬁmﬂ%%m%ﬁﬁﬁéﬁ,wQ?ﬁ%ﬁi?"ﬁk%%iﬁ?ﬁ@ﬁﬁﬁgwmﬁ%ﬁ
WHEH THESASAFREY . BTESRAMNEHEITERLRE:

(DR E BB 2K, ABFAL 0 G B Bk B W4 B R M T
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Q)HRRERERE,

Q) RH AN R FIHH RN RO EREBERN,

(M REMFREREXT AR,

G BTRBEBWES MEMNEFHRAKRE SRR,
1.2 jR¥E BRI 2T 7

Sh R E IR K B SCEB IR A W T Mo ARl TH R 9 4 R BE B 2 BRME AT B N A RE(E
Ot S F—NE RS, AR A 5 T A R BT A R BRI RN R BB R AR R
TR WA R E M s, e A B RS a9 RIES, SR, BT DUl 5 8 2% 2 1A] i) B £ 32 4 1
R E R B, SE RSN ERER IR -EAAS . W& 05T R BT A SR, TR 1R B R SR 44
FREEA RS RA TWE (TR AEEL O, KB R E TR . 55502 B 8T LUK S AL 9 3 3k 7=k
B X, 2003 42 59 2 A\ SR A 0 JE BB 26 A%, 1 25 K 28 00 B8 {5 BD AR 7 b AR 95 7 & B BE (RN B P R T
BTk L AR 45 0 & RO BN 2 T SR AR MED) ST B REM LR B TR W

Txdxr
R = dxr+365+ P ()

KPR A EEAWEBMELLE, T AR TBEFEAR, d ABFETHEHERIAE, r JEFHNERRB(R
MERMEFRERBERN D, EXTBFHERAEAMFERE/OEH. WEHEAGEME £ d PR

Et = Ux Rt (4)
- AL UARGEMH SRR AR B AL BB E I, ST R TR I B BB BT R b TR AR AN X T BT R U
v B BB A e, 52 SR B ibp ol i 3% BB 5 AT BEME (P B I SHREME) 2 1L .

Mt x E/'$
Er = __"““Et (5)
KA, RV HRTRA, E/S R SEREEMEET L2,

2 HERITH
WITERHBEEFNEREARER. LA 1, RIIEFBAERY, K 5 B8 B HAERILE

TR A RkAY & va 4 %4
Tap water mate:Iia] Food Electricity Labor Labor
x x
mw ) 1 18.1 17.4
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i 4 el
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ik e : W Welfar
Rain P : GDP79$
27 : .
[Water company Wﬁ
| # R\ L sas| \ Tours
et Nature forest ./ , Citizen . e
RfE ‘ : : : ] et
. . Y RERE |,
L N R Tourism
. T 3 : SR ER T

AN

“#\ Production,

AR B M, e
Sunlight/~— e e .
; e o
‘e A .
o 272 {4 $% Rubbish
- =
BE{E# Emergy flow (E20 sej/a) —

......... 1% T3k, Monetary flow (E9 $/a)

B 1 WIIFEaFEERar

. . . Z
Fig.1 The energy system diagram of Macao’s environment and economy :
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EERBECD . FNE—ENT=0E 0, BERERIFBANBRY RS . 208708 O
O, TEFEERTETRARNERYTRE . BEEFIXRE, RITHEOFHSHN 97K, £ 1 HE]
TEHMBEEEMER, K2 WFEHOBENILE, R3IBEMBETLEER. 4 V0. 2B BLH
M A RBERFEAENEAR, 28— RIWIHE MRS T, BHRTRTASER L EEE
ftn. MITARMNEE BRI R B VES RHRITSER08E,

1 2003 987N 8RR T R R A M

Table 1 Emergy annual renewable and nonrenewable resources of Macao in 2003

TEHRR Ria%iE L AR S BERHRENKE ik BBER MM A
Raw units Transformity Reference of Emdollars
Renewable o . Emergy(sej/a)

U, g (Sej/unit) Transformity (em $ /a)

1. K FH#8 Sunlight® 1.20x 10V 1 0Odum, 1996 1.20x 107 2.31 x 10*

2. 88 Wind, kinetic® 4.55x 10" 623 Odum, 1996 6.80 x 10 2.45x10°

3. TKAL % 88 Rain, chemical® 2.01 x 10" 18199 dum, 1996 3.10x 10" 1.12 x 10°

4. W7k % 8 Rain, geopotential® 3.04 x 10" 8888 Odum, 1996 2,70 x 107 9.72 x 10°

5.3k R 88 Waves® 9.12 x 10" 25889 Odum, 1996 2.36 x 10° 8.48 x 10°

6. #i IR EFF HE Earth Cycle’ 3.96 x 10" 29000 Odum, 1996 1.35x 10" 4.84x10°

Bt Total (3+5+6) 1.15x 10" 2.80x 10" 1.01x 10"
R A] B H % IR Nonrenewable

1.2k Marbles(g) 3.60 x 10" 1.00 x 10° 0dum, 1996 3.60 x 107 1.29 % 10°

2.3% 1R % Topsoil loss 1.90 x 10® 6.25 x 10* Odum, 1996 1.19 x 10" 4.27x 10

B3t Total (1 +2) 3,62 x 10" 1.00 x 10° 3.60 x 10% 1.29 x 10°

a KFARE(D) = () x (ESTR) x (1- KHZE) = (2.73x10'm*) x (1.31 x 10°kcal/m*/y) x (1 - 20% ) x (4186)/keal) = 1.20x 107 J; b K #8
(N =(ER) x (FF) x TEER) x (RFE)?;=2.73x10m?) x (1.3kg/m’) x (1.00 x107*) x (4.44mps) x (3.15 x 107 s/a) =2.25
x 10" J/a; ¢ FIKILE (D = (W) x (FHWE) x CHEHH A HIE) = (2.73 x 1070 ) x (1.49m) x (1000kg/m*) x (4.94 x 10°J/kg) = 2.01 x
10" J/a ;d TAHEE() = (BHR) x (FRER) x (FHRE x (EAHWHEE) x (FFRAEE) = (2.73x10'm?) x (1.49m) x (1000kg/m®) x
(763m) x (9.8m/s?) =3.04x 10“Va; e WRAE()) = OBREKE) x (IBNEE) x (BLBKH) x (RE?) x GEE) = (4.16x10'm) x (1/8)
% (1.025 x 10°kg/m®) x (9.8 m/sec?) x (0.5m)? x (2.21m/s) x (3.14x 107s/a) =9.12x 10™J/a;f HEREIFEE (J) = (EH) x (HFR) = (2.73x

107m?) x (1.45x10° J/m?) =3.96 x 10" )/a
3 HBREWTR

(72003 SEFE O YT FER 2.58 x 10° kg B 7K 56.7x 10° kg, H OB &H 0.42x 10° kg, HAYFALER
HHE98.4%FH FAREE, FHEITHNKREMA2.9%, MBAFGEERRE 27 9% 8H KM, RG8THO
HIEH 13.7% ., FEKEMEITYRRSEARTILS8.3x10° kg, XBERNABRESFIITMT AR
WEESHH., PERESEITHNNAZUARNMME=SNE, BEATGEL, BHIARELIMWE . K
LHERRY U= EE L BB FE EAREEY ) EHEERBNEKIEMTRBEITENEEEN
W T, HEAHBKELHEARKERITI,

3.1 WHERBRMEERERS

BEEHERE R RARN AR, THERST, MASABFRRAREESREEN K.
1997 2 Odum ZHF EEAE S ¥ %K Brown M. T FIE KFI A BER Ulgiati S. 8 I T EEE TR L ESI
(Emergy sustainable indices), & Y R A MM K F S HE R MR W, B EYR/ELR, TR HRET ESI B
krdE, B ESI< 1 NBEEBNEBSEMNET, ESI>10 WRARBWEAEY, T 1< ESI<10 ARREF
Sy AREREEE, EEHARARRRS, KEE .

(1) EYR B OREE S WEEAEMLLE, BHH X EYR X8/ ARET | BHE. REKRRA RS S
WETHREVEESTREWAMNGEETE AERENAEENRERIAN, KM EYR /DT 1 X REH
Fl, ZFBEOEE HAH FMKOER L O EE/D TR aEE"",

(2) EIR ERFWERBRELBESHRA, EERRE TERETEHFREHERER, ELR BREE
M, ERHRE BEGES , ELR EHEMRK, XHSH EYR 5 ELR Z W E(ESHTRD . W AFERER ESI{E#
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M EA % R, Ulgiati A1 Brown STHSE K0 ESI M LARME, X FORFT SR E 4. 400 1T 2003 4 ESI
0.0008, JL7 2000 4 ESI %7 0.0016" ;EMK T EE K 0.125, FAFK 0.036, FHMA 0.120,

¥2 WTHHOEMEDR
Table 2 Emergy evaluation of import, and export of Macao in 2003 1

R JE!!&E? R Energy ﬁﬁﬁ%&}% HE 1B 4% e B HR B 18 Emergy BEME T i
Ttem Raw units (joule) Tram.«}forxfuty Reference of (sej/a) Emdollars
(kg) (sej/unit) Transformity (em$ /a)

#1 Import
1. &Y Foods 1.21 x 1¢7 3.13 % 10" JLFF 3 A Appendix A 3.39x 10" 6.85x 10°
2. B¥K Tap water 5.67x10°  2,80x 10" 660000 WA Lan S.-F.,2002  1.85x 10  3.74x 107
3. B 7] Electricity 193GWH 6.44 x 10'* 155000 Odum, 1996 1.03x10°  2.08x 10/
4, ¥ Fuels 6.13 x 108 2.55x 10" 54000 Odum , 2000 1.37x 10"  8.25x 10%
5. § 47 Minerals 8.73 x 10° 8.73x 10" (g) L 1.19x 10#  2.40x 10
6. JFUB A1 B 5 *raw, processed materials 5.32 x 10° 3.76 x 10" 3 1.18x 102 2.39x 10’
7. B " Goods 3.08x10°  2.20x 10" L L81x10"  1.09x10° :
it Total (1~7) 5.928x10°  3.33x 10 1.98 x 10%*  5.29x 10° ‘
3 Export
1. R Y Foods 6.78 x 10° 1,03 x 10" L 1.13x 10%°  4.07x 107
2. R Fuels 8.99x 10° 2.23x10%  5.40x10* Odum, 2000 1.20x 107 4.33x 10" ‘
3. 7K #8*Cement 9.05% 107  9.05x10°  2.07x10° B 1.86x 102 6.44 x 107 3
4. JEF R0 R 5 raw, materials 2.57x10°  2.43x 10 W5 1.O4x 102 3.73x10°
5. # & Goods 6.50x 107 5.42x 10" 3 8.00x10°  2.38x 10°
3 Total(1 - 5) 4.19x 10% 2,54 % 10% 1.15x 102 4.13x10%
Y Wastes ) .
1. 457 3% Rubbish(Ws) 2.49 x 108 1.51x 10" 1.80 x 10° ¥ B Huang 5.-L,,203 2.72x 10® 9,77 x 10°
2.757K sewage (W1) 4.88 x 10 2.39x 10" 6.66 x 10° # ¥ 3L Huang S.-L.,2003 1.59x10®  5.73x 107
B3t Towal: (1+2) 4.90 x 10" 1.75 % 10 1.75 x 10" 2.88x 10" 1.03x10°
RO FM R 4 O {8 Serves import and E BRfEH D HE 16 cmergy REE T
Tourism export $ Emergy/ § emdollars
1.3 % it O Labor, service import: 1.05x 10° 4,94 x 10" BHHE Zhao X.-F.,2004 1,74%x 107 3.52%10°
iffﬂqw\agﬁ Touriam emergy from 5.21x10°  1.66x 102 Brown. 2002 8.65x 10  3.11x 10°
3. 5K B O Tourism export ({# % 75 %% tourist consume) 3.26x 10% 1.17x10°

a RS H O FEY . FY RN AE RO RWRE MY I ZATRMAE, HETHIBSH O S BHYRAETA(RER A28,
T RERR, FEZETIH;

11887876 x 1.2 x 1.9 "y
bEAR ) Rt = [gmigier 10 o1 % = 365 408005 0.148 FIUIF B M M B ORI OEEME) B = Rex U = 0,148 x

2.2 x 1022=3.26x 1021(Sej); PRTWEMERER r=1.9, NI BT WEAMGAHBAKRNERRM 10045, B 2. 4 H, &Y
L5 4%, 2058 2 %, T 2 430 5, el b 40 7E 2003 £ SN FAEE T B K 1.89x0.84% + ¥ 2.14x5.1% + B 1.5x 15.4% + i
2x6% + M ME 4.31x32.5% =1.9

% Ulgiati 1 Brown SR8, M7 ESIE/PR S REBMITRMN BH B R AT REE? FL b, BFERT]
MERTRRREFE, ATFEEH RREMK2002 F, FEFE ESIWER 1R E T 6818 7T Fr Z H 16 8 EISD
( Emergy index for sustainable Development)''” , & X 4 ESI x EER BIREME AT #5216 SEE R BRI RBL, B &R
SR BBAERETI AR, 2003 M7 EISD 7 0.00123, 3 ESI AH B M LM LIETE, L ESI 8 EISD %
HEERMMT RN T RERERRE, RAESH.

e B X ) ke % R IR R BL BT, 2001 4F Brown 1 Ulgiati B &K T ESI Xq i £ #0 IX AT 7442 & R R B 95
AMER, HARBENPERENEE, UREFABNOBELSIANBETFSL X SFESTREN;
AR RPHEETEESRRKRENETHEMNER" ., B 1991 F, E BB N THUNMSE;
“FE 1960 SE B WHE I BR AL T D M REME A TR B A L 2003 4 BT TS RE WA KRN
216 x 10” sej, T HL41 H BEH 147 x 10” sej; BEMEFIR (F + R - Y) 7 65.2 x 10° sej, Bl BB 18 5 24 4 o7 A BB 14
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§29.7% , B TRMREER 19.0% , 5518 20.6% K TEXFI 1 38.0% , ZRBTHEEVE—#BHEY

REMMAHRR XEEFERTBTREREHEEREA.

®3 WgEEIHICER
Table 3 Summary of emergy flows of Macao
ke mE zﬁﬁﬁ%ﬁ EERE BEMH 5% T 4 (E

Variable ftem nergy {(I)or Solar l'?lmergy emdollars

Mass(g) (sej/a) (em$ )
R ] BE %7 9% B Renewable resources 1.15x 10% 2.70 x 10* 9.71x 10°
N S A] 5 3 % R Nonrenewable resources 3.62x 10" 3.60 x 10%° 1.29x 10%
Fuel B AR A4 Imported Fuels and Minerals 2.67 x 102 2.66 x 10 1.07 x 10°
G O &% #0544 K Tmported Goods , raw material 1.16 x 102 1.72 % 10% 3.48 % 10°
P2l PE 0 35 % Emergy of Services from out place 1.05x 10° 1.74 x 10 3.52x 10°
F W ABE{E Tmported emergy: Fuel + G + P21 1.43 x 102 2.16 x 102 5.29x 10°
U BB A S Emergy used: R+ N+ F 1.43 x 10% 2.20 x 10% 5.43x 10°
Y i D BB exported emergy( Goods and services) 2.54 % 107 1.47 x 107 5.04 x 10°
T Bk Y £1 Tourism export 5.21x 109§ 3.26 x 1021 1.17x10°
w 15K FBL 3R BB Wastes emergy 1.75 x 10 2.88 x 10 1.03 x 10°
ELE 2 BE(H electricity: 1880GWH 6.77 x 10" 1.08 x 102 3.89 x 10°
GDP B R 4 7= K. Gross National Product (US $ ) 7.90 x 10°
P2 7 BE{E # T . World emergy/ § ratio 1.66 x 10"
P3 A E §E{E 1% T Lt China Emergy/ $ ratio 4.94 x 10

OHAEORE HEHEEARTHERE  # O AL EES WS REME LT L FY A The emergy conversion of export goods accords to
Macao’ s emergy/ $ ratio, whereas imported goods accords to world Emergy/ § ratio; @ F EFEME T LA LL 4.96 x 1012 sej/ § (RBTEER L), R A K
Tt HELL 1,66 x 1012 sej/ $ (Brown M. T $#24£) i1 B The Emergy/ $ ratio fo China was 4.96 x 10"%sej/ $ cited from zhao Xinfong, world Emergy/ $ ratio was

1.66 x 10™sej/ 8 cited from Brown B.T. ,personal communication

®d4 ANATEFREEETNER
Table 4 the comparing of the emergy indices of country

F5 RE{E 4847 Indices #3352 Expression %£E UsA E XA Daly M Sweden i lﬂmn'
No. Macau, China
1 W EFFHEME Renewable emergy R 1.72 x 107 1.21 x 10% 4.52x10% 2.70 x 10"
2 A E#H B Nonrenewable N* 6.80 x 10** 3.48 % 10% 3.08 x 102 3.60 x 10®
3 # 0 EE{A Imported emergy F 3.26 x 10 1.60x 107 3.06 x 107 2.16 % 10%
4 RE{E R A SR Emergy used R+ N+ F 1.18 x 10% 2.07 x 10* 3.82x 10% 2.20 x 102
5 I HE{E Exported emergy Pix10P+ T+ N, 2.39 x 10% 9.30 x 10% 2.62x 10% 1.40x 107
6 A b ¥R HE{E Lb %€ Indigenous sources/ U (No+ N, + R)IU 0.723 0.225 0.173 0.176
7 BBE % Emergy yield ratio YIF 0.733 0.581 0.859 0.683
8 BEECH#FE Emergy exchange ratio FIY 1.27 1.72 1.16 1.47
9 HWEHERLHE Renewable to emergy used RIU 0.146 0.0585 0.122 0.00123
10 W 3K fR{E % Fraction of use purchased FIU. 0.277 0.770 0.827 0.982
11 BE{H 42 ¥F % Emergy investment Ratio FI(R+ N) 0.38 3.42 4.02 55.8
12 BE{H®E Emergy Density UlArea (m®) 1.25 x 10" 6.86 x 10 8.99 x 10" 8.05 x 10"
13 AIHE1H Emergy used per person U/population 4.18 x 10" 3.60 % 10 4.13 % 10' 4.90 x 10"
14 BEEMAEFE ELR (U-R)R 5.85 16.1 7.17 813
15 HE{E T 3 Emergy/ 8 ratio P1=U/GNP 1.19 x 102 1.75% 102 1.24% 10" 2.78 x 102
16 1, JIHE{S 3 Percentages of electricity to use( % ) {el)/ U x 100 3.80 9.00 14.0 4.93
17 AEL I HEE Average electricity emergy elect/ P 1.35x 10" 5.81x 10" 2.41 x 10
18 AR RE{E Fuel use per person fuel/population 7.92 x 10" 7.45 x 10" 3.06x 10°
19 FE{EA]REHT ESI EYR/ELR 0.125 0.036 0.120 0.0008
20 FRE(HR RS R RIRAR EISD EYR x EER/ELR 0.159 0.062 0.014 0.0012

» RAEHHEE N TR I8, LEVEWERER; V2ELMARER, v EEEY 0149 & #8 95 1512 The nonrenewable resources

N can divided into 3 parts, N, is the dispersal rural; N, is the concentrated use; V; is the direct expor

el
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3.2 WUTEB AN RARBE A ;
3.2.1 AMBEMHABMBEEE AYEENARIBEATIEROLEBKIMEFARER., 2003 4%
ITAEEE R & 4.90 x 10"sej, J T M 1.34 x 10sej B9 3.7 15,40 2000 EE DA YBEEF HE 4.18
x 10"sej B9 1.2 £5,2002 4E & K F A B BEALF FI R 3.60 x 10 sej £ 1.4 4%,2002 FE 5 ft A By BE(E R A& 4.13
x10"sej B 1.2 8% MITIREA DY E  HERNEBREERRIETRINIBER S AYEEANHARZRA, '
HEEESTHERERUMRE EXDFIEABTESENN—FEE, BIEBEEERIL8.05x
10"sej/m’, BREEMEEMEFE 1.25x 107sej/m’ 1) 644 fF, BERKFM 117 65, BE K 895 %, WITMREE
FERETERATRIBEBRAIAOARZZH. BITHONAEET, FOFHK R HBRE 5 90.3%, 1E
HERYREEREEERNBTASREE HEEFEARLEIERBEMNRRER
3.2.2 MEHTHEMEBERERE RIWEERTHREEREEANHBSERETSEZANXE,
DEHAABEMT L ARE. LER ARBULFEIRBRZEES, E-IBTEH AR RLER
Ko BITHBEEHETLENR 2.78 x 10%sej /$  H THEHBEEHRTLLAL 4.94 x 10%sej / $ , T KT 2000 X H
MEEER T LB A 1.19x10%sej /$ . BBERRREFRLFTRARBEEMAEARBERER, HEBRKE :
HARBAMEERK, ZFRABRNBESRE., BERREIBERESARAIEFBAEMNLE, 230F
BEMF Ve Ry 22 X E K 0.38, BAFIN 3.43, Bl 4.02, Wiy TN, AT EFEMET2F
R, BRI RE L 5S.8, M T MW EBEREH, MALHRTERZ WA, KENRENAENE
PriEs, > BRFERZRRAES, RITHOMTLHEHRAKR, KBWKBENS T=RT8% 0. "M
TR RE 35", TACHBENBR T FUBARBNFERE, LT EER. XRE 10a W]
wlE AR EERE
3.2.3 BREZAR(BAEATHERE) EREMTPREZERBAZAERT AR EANEEZE, FR
PR 95 B 4 B AR 0 , BB B 00 17T R0 B A, 7 0 o0 8 AR A Ko AR S , 39 TR B I A R B U B R T, TE XS AR LB
AL FRA ML, WITHNREESRERY 1.47, B TEEN 1.3, 8T My 0.62° BETFEXAMN 1.7,
BUTHO MR ERITE 98.4%k AP EKRK, BABAEMEMO KRS, BITEXF 8P, BBKEE
Bk RA, BNPEMEEETILRERRITN 1.8, URSHEARFENASZES, ZOALUEE
0.8 fE R BEEF 32,
3.2.4 AMBMBEAEMEHEEGHRE ADRMEE-FEERHRKE,S—-FTEEAKFRKEES. A
BRI BB B EN 7.92 x 10"sej, FHHL N 7.45 x 10V sej, BT K 3.06 x 10" sej, B R EH 3.9 %, REARRITE
HESORBAMBTR, AWEREEGMAK D EE NAOKBRMZE, A HKEREEERELS,
HAOREFERRERENEAER, FRAFZABNERZ —. MM TAHMERBRIIB=ZLREELR
RN M ISR GDP P 7.25% , 8 R FAREIE 5 B BB L RN 4.93% , 7 T X & 2000 4 i
#3.8% (KT EAFRM 9% MMM 14.0%, FBTXBEAORFEHFENET , KORRE=Z" VW TEMKE
BEERR RGN, ZRETARES, ANBES TN AREERRTITHERRN MM,
325 HEEEAR EFYNEE BTESREAERESLSFRE, REW QHHE BT, 3T HMRREAM K
BEERA. MR ZARTE RELFTSRBIRRU BEAARNN1.8%, CEFEEMY
72.3%, BAHM 2.5% MBMB 17.1%, 1
2002 FEEFRHIK 24.9 x 10°ke, W TH/D AL, SEBRAL BB IRAEFEBEE N 27.2 x 107 sejo FEMRIE M B A KL
BRERELEAR 20% , AT HEE. MHSELE, RS THNEAHFBOEE, BRREEFRABIR
SRR, BITEFBIESA 1.94x 10 ke, UK ERSHEBR HERMES I E. BAGE MM, ko
MR REE BB RAATE, BITE KSR R KN 4.88 x 10"’ , KL “ R AT S HER, BB KL 4 K
90% " RAKBEMEN 1.6 10 sej. BHEWIENRAEEBZFAB P AW =R, ROSREWEE, B
AEARGHHM . BADWEELENERYEESTSETE R RREMN LR R EFYRERTE
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FREREMEMN 103 (F¥E NN EREBRE R M RETRA, RRAEEN), 8 TEFVEILHE, XA
RIAEREWMAE N E KKK
3.2.6 IRUFIREME  HE R (S) A MDA U B 18 A0 Tk RO MY RE 1 2 (B REE AR 28 B (e ) ) it AT T8
Er = (8.65 x 10™)/(3.26 x 10") = 2.65

XABEAEYT TR BEEEHBRAL, BPHEES T 2.65s¢f WEMEUE, HRHEE 1 s¢ B8
B MR BT R L, #RKBMZFFEA, R M EREBARIEE S . BRI RIMEN & R4t
R %, BT AR AR 0 MR 54 0 o Al b RO WA AN T R T GDP, 2003 SR M ik W AR K 52.1 {2 3R T, i
REBEFFES BRI Y 86.5 x 10” sej, MY T R4 FAMEEIEA 39.3%,
4 it

HBEALTEE TESFS58FWFNERMARFTE AN RBRKREESEHNEFFNHR, BN AREE
HR2IFEMSSBAA LFERFHIHE, THEXRRBNEZHEEREFE N, STmaTaim X ma
FEAR EELFFRENEYMHE, 2002 FESVEAASRTRLSHF THRITHKEEEAL ., 85
FHESVRHESFRRE, ML OB RXSHBE BITESEE™HEY 4,202 § /h’, T EE 3,
337 § /hm’ \ ¥ 3,982 $ /hm’ NI 3,359 $ /hm’ BIKSE, B R FHKF 1,106 $/hm’ B9 3.8 5, M
BEMESETXBERIN FESUMEEREARINESEFRENTHEERE FRFEZLAHE KK
#XAEELATOWARENEARESERE R EYYHTEMADRKRLS .

ST REEIRIRA T IR, BETHFELEEERER(ESDMN FHE - TEX MM KEEY
B, TFHEBE—-TAODBEEEMNBY, BT EST XD, HATREN & SCELF T, 3 B E R A& W & 0 E
MEE. MIIRRESEFWNRE, BTAMRZRWA; —FUANRINEE kL0402 B, Lk 5 E R
FEEFBAE R M, B RO AR, BT R X R R R X A2 (G %, 15 Bh 2 U4k iR B P Ak
I B ELHERRTWAH S, FHRITEFNER, B THER/D, FHREAZ, AEEDI T
RAESCLYERDS b THEEREXER, THATE, EREESPRLETEE MKV HHINE=Z LR
FRENEBERER(E =2.65), ILERBENENE. TETREREEWENWA, BITRERMNBIFELR
BEGEKBRE, KN ERRERSF L. ARSI EZRE, BTV ERSEDNEER, BLEXANAEFY,
HEELRFERS, FGHERA, PREFARTFERTREREREBTEMAMIETRELRBRMEIX
Fo RTHRITEFYEENBRAFT HEBEST, BAEUEHRATHREA,
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Appendix A The emergy calculation process of import foods of Macao in 2003*
wa R BEC e EERE ity RERBEKR Reteone
tem (kg) (kal/kg) Energy(]) (seilT) (sejla) of teansformity
P 1 P§ 5% Meat, offal 18606616 11600 4.51746 x 10" 3170000  1.432x 10" R Yan M.-C.,2001
314 Live animals 18321939 5800 3.11384 x 10" 1710000 5.3247 x 10° Odum, 1989
£ 7K B4 Fish, quatic aminals 23324968 1000 9.76383 x 10" 1710000 1.6696 x 10° HK &I Lan §.-F., Odum, 1998
Y B8 Animal fats and oils 8113937 5500 1.86807 x 10" 1710000 3.1944 x 10° ¥R Lan S.-F., Odum, 1998
IR FIRE B Meat offal, greaves 608660 2000 5.0957 x 101 1710000  8,7136 x 10 EEEF Lan S.-F., Odum, 1998
PR 3¢ % fil % Preparations of meal 8008763 5000 1.67623 x 10" 1710000  2.8664 x 10 IEEEF Lan S.-F., Odum, 1998
5 EE Dairy; eggs; honey 14017553 1700 9.97517 x 101* 2000000 1.995x 10° ™M Yan M.-C., Odum.2001
TEW RILDZE Live trees; cut flowers 3515324 4500 6.62182 x 107 44000 2,9136 x 10"  Odum HT.!*11983
R R ¥ Edible vegetables 33827922 107 1.44436 x 104 27000 3.8998 x 10" R Lan S.-F., Odum. 1998
T2 Leguminous vegetables 69742 800 2.33552x 10" 690000 1.6115%x 107 ¥ 88 7 Lan S.-F., Odum, 1998 f
# # Wheat gluten 1418 2000 11871496000 690000 8.1913 x 10"  Odum,1987
F 3¢ Dried vegetables 561714 3400 7.99454 x 102 690000 5.5162x 10" P58 Lan S.-F., Odum, 1998
2% Potratoes 920555 10% 3.93051 x 10 2700 1.0612x 10" B H&F% Lan S.-F., Odum, 1998
B R FI R Edible roots 1327442 10 5.66781 x 10" 27000 1.5303 x 107 W A%35 Lan S.-F., Odum, 1998
348 Starchy roots. Tubers 1806447 800 6.04943 x 102 27000 1.6333 % 10" MBI Lan S.-F., Odum, 1998
A B8 H Edible fruit and nuts 20202213 500 4,22832 x 10° 53000 2.241 x 1018 Ulgiati, Odum, 1992
HAE, % Coffee, tea 1239937 3900 2.02425 x 10" 200000 4.0485 x 1018 Ulgiati, Odum, 1992
5% Cereals 335625 3700 5.19823 x 107 147524 7.6686x 107 &M Yan M.-C.,0dum.2001
EX Com 1825 3950 30175827500 83000 2.5046 x 10'*  Odum. 1996
X Rice 26109094 3700 4.04383 x 10 35900 1.4517 x 10 F“f%# Yan M.-C.,0dum.2001
1 ¥} Milling products 9242934 4500 1.74109 x 10 68000 1,1839 x 10!  Odum, 1987
¥ Seeds, spores 2068 5000 43283240000 68000 2.9433 x 10" Odum, 1987
HE R B Other meslin flour 793337 4500 1.49441 x 107 148000 2.2117x 1018 BB Lan S.-F., Odum, 1998
WM Starches; inulin 112465 4500 2,1185 x 107 84900 1.7986x 107 /% #E Yan M.-C., Odum.2001
24 Medicinal plants 4047795 5000 8.47203 x 10® 86000 7.286x 10¥ PP # Yan M.-C.,Odum.2001
TR E R Ol seeds or fruits 224 5000 4688320000 1300000  6.0948 x 1015 Odum HT*!,1996
53 Beans 757361 800 4.66034 x 102 690000 1.4262 x 10" Odum!*?, 1987
WM Vegetable saps 4666 5000 97659380000 160000 1.5626 x 101 $EBE3Y Lan S.-F., Odum, 1998
HEH Vegetable materials 1846453 3500 2.70524 x 10 44000 1.1903 x 10"  Odum HT. 1983
¥ Sugars 7250944 4500 1.36586 x 10" 85000 1.161x 10®  WHE3F Lan S.-F., Odum.1994.
" 7] Cocoa 629936 5500 1.4503 x 10" 860000 1.2473x 10” IS Lan S.-F., Odum.1994.
W Potatoes 2764 800 9256083200 148000 1.3699 x 10" B Lan S. - F., Odum, 1998
¥ Kinds of preparations 6250664 5000 1.30826 x 10" 1710000 2.2371 x 10°  TEHEF Lan S.-F., Odum, 1998
4 W Soya sauce 1824106 1000 7.63571x 102 1710000 1.3057 x 10  HHH Lan S.-F., Odum, 1998
A 48 B Plants Preparations 5955939 2100 5.23563 x 10° 1710000 8.9529 x 10° KB Lan S.-F., Odum, 1998
{58 Beverages 72513267 1300 3.94603 x 10 60000 2.3676 x 10" Odum!®!,1987 f
1A% Animal fodder 2730343 1700 1,94297 x 10 80000 1.5544 x 10®  Odum, 1987 '
#5418 ) Tobacco substitutes 2632736 3900 4,29805 x 10 84900 3,649 x 10¥ P % Yan M.-C. ,Odum. 2001
St Total 297519696 3,13341 x 10° 3.3854 x 10%

o BUZEME = FR x BED 4186 x BEBELE
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