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Abstract; Aquaculture, like any other biological production system, depends on external and internal sources of energy that
may be regarded as renewable and non-renewable. Since an appropriate evaluation of energy flows through ecosystems sheds
light on their dynamics and sustainability, the economic evaluation of the aquaculture system under study was paralleled by
the application of the emergy method. The latter is an innovative and holistic environmental approach accounting for the
direct and indirect solar equivalent energy ( hereafter termed “emergy” ) supporting ecosystems complexity and production of
resources. The fraction of renewable emergy used up in relation to the total emergy supporting the process can be considered

as a reliable and comprehensive index of a system’s renewability on the larger scale of the biosphere. Such a quantitative
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evaluation of sustainability is capable to support environmentally concerned decision-making according to the Agenda 21
Agreements. The emergy-based synthesis and the economic analysis combined together could provide valuable scientific
information to support public policies for joint economic development and environmental protection. In the investigated case
of the aquaculture system, incentives and policy measures for appropriate water consumption and decrease of water pollution
can be related to emergy accounting results and indicators, in order to allow a transition to more sustainable aquaculture
gystems. This paper studied a typical fish farm with 3.4 ha occupied by ponds in Beizhuang District, located in the up-
reach of Miyun reservoir. Energy systems diagrams as well as datasheets with matter and energy inflows were designed in
order to calculate emergy indicators of the fish farming performance and sustainability. The emergy indices obtained are as
follows ; Transformity of produced fish is 1.33 x 106 se]/J, Renewability is 15.53% , emergy yield ratio is 1. 18, emergy
investment ratio is 5.43 , environmental loading ratio is 5.44 , emergy exchange ratio is 4. 63, emergy index of sustainability
is 0.22. Although these indices revealed some similarity with China conventional agricultural systems, a careful evaluation
of data and performance indicators shows that a fish farming system is less dependent on non-renewable resources and its
renewability factor is greater than other animal production systems. The results of economic analysis finally indicate that a

good environmental performance may also provide acceptable and sustainable economic results.

Key Words: aquaculture; emergy indices; economic analysis; sustainability
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Fig.1 Eco-ecological development case of aquaculture in Beizhuang through ecological engineering connected to river
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Fig.2 Technical flow chart of aquaculture in Beizhuang
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Table1 Investment and benefit evaluation of the project

15 H Item A7 Content %ﬁiﬁef:t)
1 EERZRE Fixed capital 110
1.1 +ETH (1) Y¥eits 2 4~,200m* 2 FJ8; (2) WA 2 4,20 FE; (3) 78
Construction ( Buiding, ponds. Channel etc) FEREFBE,6 Tn; (4) Hh&%,50 Fx
1.2 REWE (M EIMEHEFRE2E 2 Ton; QBEYRER2E, 0T 32
Equipment J8; (3)BWFE 10 &,5 T7T; (4) BAFE 10 5,5 Fou; (5) K
RAB2TH;(6)FEE LW, AL (EEN6E 2R
JC; (8) MEXOKE MR & 2E,5 Tt
2 HEABEE . Basic operation cost 85
2.1 f4EY#|4 Microbiological production ( J&¥1%5) 35 35
2.2 JKJRISIM R Water monitoring( 7T /a) 10 10
2.3 $HAREVER Technical cooperation( JFT/a) 15 15
2.4 A RFZENE#R Salary and travels budget( 7 Jt/a) 10 10
25 R AEREIRMOTR/) s s
Transportation, electricity and others
3 EFERSRARER BTIER BHRE,10 F/0.667(n' -0) 3.4 WA
Productive cost for operation k510 Ft/a
4 7= Fish yield B 10000kg/0. 667m? ,3. 4hm?® K =¥ 510000ke/a, B4t 1020

20 Jo/kg, F2{H 1020 F7t/a

1.2 BERGHBS EEER

AH5TiE AR EELE M 5 PF T A% R R AT S a7 E . RBERE R K —Rsi M RIGER
BENA—RBERNEED . BREFER KRS S B E RSN S — R AR
Z0 BERAKHRERS, SR KHEBEH(HEH sej) . B TRERST R IIaQE T BRSEE
R —RRNERENE, TUE R EIENWE , Fn KIS ERTR, B EEF S ARE A RI E 4
BYERA N TR, MiESUSRIEIE B0 T ABB I K K IEW B H 20 7] LU RB(ES T HUEDRER .

RE(EF5 1 2R ( transformity ) B— N E RS, EFA AV ERNEBESTE, SHHECHKNE N B0 FE
HYBBIE (sei/g) AL BE T B RE(E (sej/ $ ) o —FhHIBRBRBTIRA K FH BB e e R4 T4 7™ B X P M0 AR B BT
VTR R EOR AR, R sej/], A FhRAEIRIBERA H A MK PHBBF B 1] WA KRBT P33,

REEPEN Tk REERR TN A, ERETRAEMREEDFE R, RE T ZNANAESE RS S
BoEduk. TR M RAT ARG S, RMEXT BRI LA TR 2 4, B AR B2 AR XERL 2 34 € 35
BERRHEELTR. BESSIMTTESESEE T BRERXNEFER, TR SRESEF REETHE
MEAFEAPEAG . W A5PHE —REBIE SR HE I, WUV EBI 5, ES A E R BT E KW 52
1.2.1 ZLHIEEERGH , gl RREITA R

IR TR R H R K S SRR, ahll RERE RER, WE 3 fia. REE
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Fig.3 Energy flows diagram of aquculture, Beizhuan , Miyun , Beijing
English notes for Fig. 3:1. water chemical energy( river inflow, rain) ;2. watershed sediment;3. fingerlings;4. feeds;5. electricity; 6. machinary etc;
7. services; 8. construction( ponds, channel etc) ;9. fish production system; 10. biological treatment of waste water;11. fish production area,3.4 hm?;
12. emergy flow unit, E + 15sej/a;13. environmental emergy; 14. feedback from economy;15. fish production system;16. fish yield;17. emergy flow

unit, E +15sej/a.

1.2.2 FEREEMTER
(1) RRIE VT ReSEdB iR (EST) = RRIET™ i R (EYR) /IR % (ELR)
(2) Har= R BREF B R (sg/]) = BREEAR(U)/F=REEE ()
(2) BBIERR R (EIR) = ZF B RUBRRIE(F) /R TAZRBE (R + N)
(3) BefE= i 2 (EYR) = RGu=HRE(E (Y) /&5 RARBEE(F)
(4) R EARR(ELR) = RALTFRA AT EHARELE(F +N) /A BHEFRFEME(R)
(5) RBIESC#: 2R (EER) == B IR 22 RBME Ys (F=(H x RBE R M H) /F= M BEME(Y)
(6) FIEFiRE(E B 443 (ESR) = MR BHRIRAEME (R) /BB ARRE(D)
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(1) ShARIS 5 RIEEE LT RBERE AR R

(2) AR AERISEFB R T B RIS

) ALK WMBEHEMPINEFRIEZAM

(4) BEE  ZEWEIER T W E Rk

(5)FBWEE BREES BREHHE
2 HER5HH

JLEFRARGREEREBEE LA RGER DI TE 3 IF2, NFE2 TTUEH, A5 R RERRER
1.33 x 10° sej/T T & 4= R O RE A3 3 (4- AR 6. 72 x 10° sej/T, 3 B3 3. 36 x 10° sej/]) P, i HA k¥
AR B BB B 7= HH A RE (B LA B A PI 26 7= G B & B ol R — R B P R BORIB B8R, T
FORIR L BRREFAE M RN 15.53% , 24 84. 47% HRBRER AR B TAH BHRBEMETFTRA, ELARE
B TR EHERET, BEN T BN RBEAETREIERIBRAERN™ERE, fBESHEN
118, KF 1, BA T B e L RA 176 RBERA SN 5. 43, B R & 5 R IR AR KR
K, BT ER) AR R R FME (4. 93) P RER ARG 5. 44, B MR X R BE — E R R, (B AR
Faob BB ;s Tl T 2R BRI AT 5, 72 BT 5 L A — N R, LR B B3R
FIMEEST , REEACHF N 4. 63, X ULHA , AT B REMS B T HPILHIIRE B SR IRAME, TTRREHEPERAR, X
9 0.22, PAB MAEAT SR R B IRE A KB K, X — ([ RE T B R B9 P46 (0. 27) . BE F— &k
ERRW I TFHAF(ERFO0.11, B4 0.07) P, 33 TUF M, AN ERERE, LSS IE
MERBE R, X —FRERAEM S L BA T,

£2 WEKELHHEESIFFEEREEEER (3. 4m®)
Table 2 Emergy Accounting of aquaculture in Beizhuang of the upreach of Miyun Reservoir (3.4hm?)

- - BERRE
BENEY REYRRS) . .
R wr  oppTOOHRE CRRBPAD mp o) M)
Resource Quantity Unit & rgy Unit Transformity, emergy
factor material flow i i
Sej/ Unit
AIERTRIE R 4.96 %107 15.53
E{ﬁﬁgﬁéﬂ] 0.63 m’/(m’-a) 4.94x10°)/m’ 1.06 x 10" Va 3.06 x10°  3.24x10° 0.10
3};:351{??1{‘&%}%“&0&1 36 m*/(m?-a) 4.94 x10°)/m’ 6.05 x 10" Va 8.15x10*  4.93x10"7 15.42
AU EFRE 15
Non-renewable N 1.17x10 0.04
ﬁiﬁﬁ%ﬁiﬁ% 10458. 4 kg/a 9.04 x10°J/kg 9.45 x 10° Va 1.24 x 10° 1.17 x10 0.04
YR Materials M 2.19x 108 68.59
TERTREBA
Construction ( pond and 9750 $/a 9750 $/a 1.16 x10% 1.13x107 3.54
channels etc)
HUIR 3% % Machinery 4000 $/a 4000 $/a 1.16 x10®  4.64 x10 1.45
At Feed 612000 kg/a 3.39 x10%]/kg 2.07 x 1012 J/a 3.36x10°  6.96x107 21.77
£ 14 Fingerlings 150000 B/(hm?-a) 63750 $/a 1.16 x10®  7.40x107 23.15
B, electricity 3000 kw.h/(hn?-a) 3.60 x10%]/kg 3.67 x10%° Va 3.36 x 10° 1.23x10% 0.39
AL B fossil fuel 230 ke/(hm?-a) 4.48 x10")/kg 3.50 x 1010 J/a 1.11x10°  3.88x10% 0.12
iﬁﬁﬁﬁﬁ 50000 $/a 50000 $/a 1.16x10®  5.80x107 18.16
8243 A Services S 43750 $/a 43750 $/a 1.16 x10®  5.08 x107 15.89
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gk
_ - RREEHRR
BRI BREYIRW 3D . .
Ve ¥E R ik % B (s BED  BBME(se)
N i Energy conversion Energy or . . (%)
Resource Quantity Unit ) Unit Transformity, emergy
factor material flow i i
Sej/ Unit
fa 7= B fish yield 510000 kg/a Hir#& price 2.5 $ /kg
R INE 4.70x10°  Tkg  B@YEHfincome,Ys 1275000 $/a
energy conversion factor
B energy Ye 2.40 x10'2 J/a
FEanEEE, 18 :
Product emergy ¥ 3.19x10 sei/a
RRETER
Emergy evaluation REEFE4AT (emergy indices)
result
. RS RRIEY
17
R 4.96x10 sej/a (emergy sustainability index,ESI) = EYR/ELR 0.22
N 1.17 x10%% sej/a FEE MR transformity (Tr) = Y/Ye 1.33 105  sej/J
I=R+N 4.97 %107  sej/a FE{E 7= H} #& ( emergy yield ratio, EYR) = Y/F 1.18
RREERR
18 .
M 2.19x10 sej/a (emergy investment ratio, EIR) =F/1 5.43
. IR R
17
$ 5. 08 x10 sej/a (environmental loading ratio, ELR) = (F+N)/R 3. 44
. I ERTRIRER o e
- 18
F=M+S 2.70x10 sej/a (renewability, R% ) = R/U 15.53%
. REE R #1 %R ( emergy exchange ratio, EER)
- 18 ,
Y=I+F 3.20x10 sej/a = Ys x BR{E HTF B emergy/ $ )/Y 4.63
U 3.20 x10'® sej/a

AR BB R BB SRR EAE R 15. 83 x 102 sej/al "] ; SRE 427 bbb 2004 ER BT AR TS R RIC R 8:1 118
(2004 ) ; FERE SRR B HHE T3 12 4] Global emergy baseline for this study is 15. 83 x 10245ej/a[12] ; Emergy/ $ is Beijing’s emergy/ $

(2004) (3] ; Money exchange ratio of RMB to USD $ is 8:1(2004) , transformities for this study is from related reference!?-3:12-14]

®3 BUHEFREAWSINER

Table 3 Economic assessment result of the fishery development project

4 % PEHH 4547 Financial anlysis AT R Result
HA WA Static return time (a) 3.66
ZhZ5 i H Dynamic retum time (a) 3.94
A K38 Net static income ( J7J5) 3216
EEBUE (EPLER 10% ) Total net present value( 10% discount rate) (774 ) 1631
BAGE/ B R HK I Net static income/Fixed Capital 29.24

HEIERIMFE Computation process attached in annex table

FERE— MOV KRE, Bl & RAKFEAR, T 2R R A TS TR B SR RER ARSI LE,
JERET | TR AT R IR AR A S8 E A S Ty BB IT & RA R E, AREEERN ST ™M, R
R B RS Hr R BRI, BRRTGE el 57 30y Bmiolk , )R] e AR P i A V5 e ), A TP S A SR S Y
R, LEFIRFAREAR—AEHE , RAENE K, 7B G LRI R PR T HE— P EE,

3 4ig

3.1 R AFNATEAERRESFRARRBEE R, LEFRFAARE BRI, BSEBOLIFE R
GEAALL, B A T BT RIR AR AR, REXINRRREA —ENES , BSRBERK R4
FERRT KA, AR

3.2 XU AR ES TSRS B BE MR, BRER AR R R R, B7ET
DIRZHEEN , REEXRFSRVREZXHIEIREE 10 24, X HEARBER TR ARV K& T
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AT FAER R RS BOR, FEHE— PR, IR NIRRE ST . #EE R ], XS RIRE
BABSEL, RENRERAR FRAMRLA TR, TRREL BB ER, EANTHRERP

M IFER R,

3.4 BIWFAREAEEZE RGN FK A YL H 3 2 K R 58 7% AR 3 7K J5 B4 322 el R Rl
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Annex Table Cash flow of eco-economic project of aquaculture in Beizhuang
it jE] Time( a
15 H Item ()
1 2 3 4 5 6 7 8 9 10

— AeRAEH 0 0 1020 1020 1020 1020 1020 1020 1020 1541

Total cash inflow
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15 H Item

Fif /] Time(a)

4

5

6

10

1 = EA

Product income

2 EREERRE,
Left fixed capital value received

3 EloRS R £

Operation funding received

ZHeHHEt
Total cash outflow

1 BEE R =48t
Fixed Capital
2 BAEERA

Basic operation cost

3 EFERGRS

Productive operation cost

WS RE

Net cash flow

M. A&t EReRE

Accumulated cash flow

FSIE (B 10% )
Net Present Value( NPV)
(10% discount)

A BHERE (R 10% )
Accumulated NPV (10% discount )

W PR AT

Financial analysis indices

HAEYOE (a)

Static return time

HAEY (a)

Dynamic return time

HaEkE(CT)

Total static income

BEBE(ERE10%) (75T)
Totoal NPV (10% discount rate)

Sl s/ EE R R

Ratio of static income to

fixed capital

110

110

-110

-110

-110

-110

3.66

3.94

3216

1631

29.24

595

85

510

-595

-705

-540.909

-650.909

1020

595

85

510

425

-280

351.2397

-299. 669

1020

595

85

510

425

145

319.3088 290.2807 263.8916 239.9014 218.0922

19.63937 309.9201

1020

595

85

510

425

570

1020

595

85

510

425

995

573.8116 813.7131 1031.805

1020

595

85

510

425

1420

1020

595

85

510

425

1845

1020

595

85

510

425

2270

198.2656

1230.071

1020

11

510

595

85

510

946

3216

401. 1963

1631. 267

hitp : //www. ecologica. cn



	11d57.pdf
	11d58.pdf
	11d59.pdf
	11d60.pdf
	11d61.pdf
	11d62.pdf
	11d63.pdf
	11d64.pdf
	11d65.pdf

