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The emergy analysis of large yellow croaker ( Larimichthys crocea) aquaculture

system around Dongji island in Zhoushan
SONG Ke, ZHAO Sheng” , CAl Huiwen, WU Changwen

National engineering research center of marine factlities aquaculture, Zhejiang Ocean University, Zhoushan 316004 , China

Abstract: Emergy analysis, which both considers the economic aspect and the natural contribution through meaningful
comparison across different systems, has been proved to be a powerful tool to assess the ecological economic systems and
processes , especially in the mariculture field. In this paper, emergy analysis method is used for establishing a related index
system to analyze the large yellow croaker system in Dongji. System indices such as TR, EPD, ELR, EYR, PEEI, EER,,
ESI and EISD were applied to characterize the resource use, environmental impact and the overall sustainability of the
studied system. And the data obtained through the comparison of large yellow croaker aquaculture system in Dongji island
and three aquaculture systems surrounding the Pearl River Estuary was discussed. The results showed that the TR of large
yellow croaker aquaculture system is 1.46x10°sej/J, which was in the middle of three aquaculture systems surrounding the
Pearl River Estuary, but lower than the average value of systems studied before. The EPD of large yellow croaker

“' and ELR is 91.10. And in this study, purchased external resource emergy

aquaculture system is 2.07%x10" sej-hm > a
inputs achieved a greater effect than putting renewable environmental resource emergy in large yellow croaker aquaculture
system. And results showed the system had more dependence on purchasing external resource emergy inputs. The ESI is
0.011, EISD is 0. 02, which indicate that the large yellow croaker aquaculture system is less sustainable. Based on
sensitivity analysis, ESI and EISD these two sustainable indicators are elevated, due to half reduced the inputs amount of

fingerlings and double increased the inputs of rain chemical. Based on above analysis, getting two effective solutions; (1)

By reducing feed inputs, improving the feed utilization efficiency, aquaculture facilities deployed in areas with more
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rainfall, to improve local renewable resources inputs proportion; (2) By improving the labor efficiency or breeding

technology from depending relying on labor to relying on technology, to reduce the purchased external resources inputs.

Key Words: large yellow croaker aquaculture system; emergy analysis; sustainable ability

K5 ( Larimichthys crocea) FJEIE H (Perciformes) , £1 1 B} (Sciaenidae ) , 24347 76 H [ 7R 15 Al
TR, B S /NE A A A S IA AR E A ORI, 20 TH2E 70 AR, B O R B, S EOL T
A RIZUT B, 3 80 AFAX, T i 3 K f 7= Bl 752 2™ SR © 2RI i il FREITE 1985 4F
b TR N T SRR AR FR 5 5 R 2 il 30 ARAY KR, FR AR B A 1K, 7 Rt 1A AT 1
T, KA A T [ F5 AR e KAV P A 2 RN KA 3 TR B K P b 2 — ) B A R £ A 97 5
b PR K R | FR PG S A 5 7 A T R, FE VI A S R G A T REIR T i) g B K
FRIE RGN AT RELRE | A0 BT AH OGS ) PR 3R R AR B 850 D T 2% T R 3R 4 ™ & T HL AT EE e K
PSR X,

REMFEIE AN I KL R E SR RS RE R B IR Odum ™ S, T 20 142 80 4E4CEISLAY,
I FH BB — B Aol S L 40 BN ——RBAEL A 6 56, A AR 4855 R 498 P It o) ) R A7 ) 25 RO TR 28 5310 /)
AE I A T 4 Ry [) — b i ——Re 1, ARB(E M LRI B fr R dP il R h R [ 2 AL Be i 5 ) B4 it — A
gt RIS i ST R REEAE bR IR R 2 AUV T AN K 0 R R AR nT RR etk ke
Z6) 2 RN AT RPN KR gl SR R AR S R G, A SRR RE(E B HE T AR (E S bR
KRR X R IR B R RGN BB A IR EAT T 20T, PR IZ SR R Ge i ] Rt | LI K fa 755 7 b
1) R JEAR LR AR
1 MRIFMAE
1.1 fF5EHAS

AR AW TL I R AT B WS T LU AR A Vi 3 ) 5 3 S R A7, RO SR8 R e 6 T 30°12”
17.9"N [ 122°41'55. 4"E AER 16. 5C AR YR B 1351 mm , 452 K FHAR 5 8 K2k 4805 x10°)/m* 2727
FRBE I PN HEAT K A R AR 15 A, A AR AR BUZ: 637m’ , BRI ARk 66670m” , 541 FH K ¥ 1 4))
Wi 2011 4F 6 ARG A TAEEA , 8 TIRM AT N TIRGE, B R LA B i BUE 24 4000 B2, BF R
B ERE, R N 6 A A TR R 95% FeAq 12 H YUk sk e 35. 751, MR R 5509, K
TG BN IEE 100 Jo/kg, KA IR R GEHR AN & AR W 1, Hrhom el L d L, M
a0 (A A4 IR 10a P15, — OB A 15 2l 0 I PR A% IR 102 3158 (B3R 5 TR AN 2
RHAEFA YT E R ARG PERHE A R FIAE N 56, LA AR M ORI B (58 77 A
FEHN 10a) ,

®1 FRAEBEEFERFRESTHEMBE

Table 1 Basic data in emergy analysis of large yellow croaker aquaculture system in Dongji

#H B s #*H ot B,
Ttem Data Unit Item Data Unit
KPFH#E Solar radiation 3.20x10" J %) f11 Fingerling 6.75%10° ¥
KUHE Wind 6.00x10" J 7% Electricity 1.81x10' J
Wi7KAL24HE Rain chemical 4.45x10" J Bl Kibbler 7.00x10° g
HERPGIR Earth cycle 2.00x10" J & HLHL Electric generator 1.00x10° g
77 HE River water 3.32x108 J i HDPECage HDPE 1717368.32 g
TR 7K #HE Rain potential energy 1.16x10" J ¥4 Fish net 1.05x10° ¥
#14: Rent 3.00x10* ¥ ZE9H Diesel oil 1.32x107 g
58 11 A Labor 3.90%10° ¥ THE} Forage 4.42%10° ¥
AR TR Capital construction 1.85x10* ¥ 7o Yield 3.575x%107 g
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R RS AR T 7 B2 RSP Fig.1 Emergy flow diagram of large yellow croaker aquaculture
S, MRIEER 1 AE 1 DLURRGEREE M TIIS 5L — 5 system in Dongji
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Table 2 Emergy indices of large yellow croaker aquaculture system in Dongji

FE45 Index N2 Formula ik Application £ 23Tk References
AR (TR) Y/Q SR H A TR S P A R PE R BB v R 20 [10,11]
REMH TR (EPD) Y/ area T 7 KB A0 SR AR L A6 TR AR 9 BE 0T [11,14]
FRIE K3 S (ELR) (N+F)/RBUCHE F/R  FERE KB ARG R G B8 L A 8 ) [11]
R 2% (EYR) V/F ﬁ;gﬁé’m;‘%?ﬁ-ﬁw,$1ﬂ%?ﬁx\J‘iE@%ﬁ%éﬁiﬁﬁﬁnﬁ [11.14]
BilhR
RE(E 1% A M9 A4 P54 3 (PEEI) EYR/TR BAK BRI RGN LR [27]
FE R BRI % (EERy ) Ym/Y JEE A K A0 A B AR A Y BE (E AL 2R [11,28]
REfERFLLEFR 2 (ESI) EYR/ELR FE/R K B A0 FEAH R Ge ] Fe stk [13,28]
AT FREEE & JR R RE(E T8 5L TEH JETT sS4t BE A B R MR A 45 1F 8 B £ R 2R
(EISD) EYRXEER,/ELR Gl T RS [28-29]

KIHBEERAH R (TR) e RE M IR RGP AR BB (Y) (Y=R+F, X R 2R MIRFH R G
ABIFIKAL R 57 A8 MBERTEFR =383 n] BB Ot IR A B A, B S R £ 57 5E 2R 48 R A A I S AN B R Y
A 7 R B ARSI (Q) (Q=MxC M 27 N AR B B i, C 25000 S A5 3 (9 R B i D)
AILLAR., TR AR e B AT AL RE B R vh i B RO BE MR, B R AE B e i R 48 vh i e i i i R v
BRI X T I AR (AR 1 7 i REOR A 187 i 1 A 7 1 R oh = S AL I A K R e
WHLZHIREERA

REMH LR L (EPD) S KB IR I RGN SR (E AR Y S5 IRIH R ST b7 AR R (area) A HUAH, 35
PR B 0 IRGH R G R A R BE (B

WEURE T (ELR) AWK RSN ERBHIRRE(E F 5 n] BUBT S IR AE(E R 1Y FULAE, 3R TR K IR I T A2 A5
WA Sy, FEREMIRFE R G, R RO R IR IZ IR R G TR 2 1 T ok, AR, #5 2
A/ NUZFRIH 7 GE 00 A S PR (0 AT RSP R AT A TF R I

REME™ R (EYR) RASZAE S RS T IRAROR, 0y RGP IR REREE Y 5 KB #9750 R GE I K
ISR IRREMELE AN F A LR, HAUE R/ N BIAR M 08 P50 2 40 77 58 2R G AR 7 i R ) VR A BTk S
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REME A A A 773508 (PEEL) ,PEEI=EYR/TR , & K B fa 55258 R G W BEE ™ % EYR 53778 R 4K FH
REMEG IR TR WL, R A KB 0 S R G A P2 ROR  FE B 45T R G0 B A 45 BT A A 3K
(MR BEAE T ™= A P i BE R Bl 25 L

FERREHFE R EER, = Ym/Y, W KRB A R GG T IR BETH Ym (Ym A= 87 L4 E 4 it
SEAR B R B A A A, AR LASE T B R FH BB (E 5 405 ) 5 RGP 4R AR ERB1H Y (Y LA, 7T DABE & K0
R TP AR BB (E AL RS

REfERFELETE 2L (ESL) ,ESI = EYR/ELR JZHE{E)™ 11 % EYR FIMAEEK L1 ELR W HU{E, 48 Fn T8 m K
WO IR RGN AT R

AR R A RE(E S5 ( EISD ) , EISD = EYRXEER,/ELR J&HEMH ™t # ( EYR) 577 &5 (0 RE (A #4 R
(EERy) Z B, BRI K Z ) (ELR) 45, 1ZF8 A5 2 76 7% f T 28 4 X BeAE ™ f s i 1) 45 14, B i R
ERER T EX N UNIERES 4

K FHBBERRSEEFR 2L ESI LUK A8 /R nT RSPk & R M REME R 2L EISD SRV F52 58 R G 1 ] Resitk . ESI &
— AT TR FH B IR S R et BB FE bR . D3 Ah, EISD J2 7% 18 T i s 8 X TRe ik 1 R 40 sl
A EAEHRCR TR T, F8R R R R 2L e 4845 . EST F EISD 3 P48 b5 76 B2 e M 19 ) R rpr 2 —
X ARG A B FE AR

Y P AR F O N R AR R G E AR (AT T T RS E T, a2 AR BEAE Y
A (RSP OS2 WA S A S M 8 A5 A BB AL LU 8] r o5 i PR 7 () AR RN £, DA R ] B 3 R A% A L 151
AL I K AEAARE ) o A BT B (A Y RO X FR G 1) 45 AF DG BB AELHE A5 ™ A I s2 e, DI 4K 21 R 52 i i
JRIFF N b — 254 R 30 R G A T RS AR A S
2 #R

FRG ] 1 AR Ko 3550 R GEREAE T Sl ], R 1 AR R B fa 3558 2R S0 RE A 0 Hr 19 S ik Bl 36 Hp &5 P 4%
AF= B 2 T bR A R e — R RE (A SO RB (B A% 4 8 2445 9. 44 %107 sej/a Y FEUESEATIT R ) , XA
K AT R G ATV
2.1 BEIHIFMEE R

KE GBS S W3 3, KRB A0 IR5H R G A AW IR 0 W43 43« 1T 8 3 8 60T ) I il A3
U8, KRB0 TR RS R REIEE 1.38%10 " sej, Hr m] B8 2 I5AT K PHAE XAE TR K A28 L ER A6 3A |
WV RE K IAGE, B P A E K A2 e MR 20 % i = U A 5 A5 B A AT R R R O 1. 50 %
10'sej, (5 A ABEMERY 1.09% . FRKAL2EREAE AT BB 02 U5 rb o B i d5e K, $ARB (BB 02 8. 10107 sej, 5 A4
AEMEIEARY 0.59% A T45 A HLBRIEIR , BE(E 2 6. 88 %10 sej, i M AEMH LA 0. 50% , ¥ ¥ BEAY AE(E R
F 1.46x10"sej, HEBEIEB AR T 0% . WSERSMBGEIRA 4 5780 ) Sttt BB Ml &
B PRFE R S8l P ARL S AS 1 B AF, BB 2 R 1. 37 x 10" sej, 7 K ¥ fa F5 78 R G B BB (H AW
98.91% , TEMASEHNBTEIRH Lh4h o fa iy (83 A e K, BB ME R 5. 72x10" sej, i B BE(EBEAY 41.47% , H
WRAETERE, HAEE SR 3. 75x10" sej, i BBEMEFE ALY 27.17% . 2011 AR BR K 8 00 (0 77 ik 35, 75, RS20 %
HWR- 15E 2 & Pk #3100 45 04 Kk 2 fa 0 U 0 26382 /g, T~ H Y R B fa (9 A ( Q) 7 9. 43x10" ), K
B SR A R A T RR(E AR AR 4 EL UL 2,

2.2 BR(HASTHTHEIR

KE IR BRIEHTE R A R WK 4, 4 &R 09Tk WL 2 Ak 3 Bk & 1, sh
NG REMEFR PR SRV 3 AR [F) R I 58 R G0 B0 HEA T X B A3 BT . R £ 3 8 28 45 1) oK BH RE (B 7 460 %
TR 1.46x10°sej/J . BEAE IR B EPD 2. 07x107sej-hm 2 a™ FREE&# /7 ELR 4 91. 10 RS et 7 &
EYR 1.011 GE{ERFLETEFEEC EST R 0. 011, il #5820k % e (I REMEHE 5L EISD J2 0. 02,
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Table 3 Emergy analysis of the large yellow croaker aquaculture system in Dongji

i N L M 11 P N, X
Items Raw data/ (unit/a) Solar tra.nsfm'rmlty/ Solar emergy/sej T4 Lt Percent/%
/ ('sej/unit)
AR IR C(R)
Renewable environmental resource inputs
K FHAE Solar radiation/] 3.20x10" 1 3.20x10™ 0.02%
KBE Wind/J 6.00%10" 1496011310 8.98x10" 0.01%
Wik fk~#HE Rain, chemical/J 4.45x10" 18200031 8.10x10" 0.59%
HiBRAEHE Earth cycle/] 2.00x10" 34377131 6.88x10" 0.50%
AW BE River water/] 3.32x10° 441041131 1.46x10" 0.00%
Mi/K#HE Rain, potential energy/J 1.16x10" 277643 3.23x10" 0.23%
/NG Subtotal 1.50%10' 1.09%
WA S (VAR 2 A (F)
Purchased external resource inputs
T4 Rent/ ¥ 3x10* 8.48x10"127] 2.54x10' 1.84%
5871 Labor/ ¥ 3.9x10° 8.48x10'127] 3.31x10" 23.96%
A0 Fingerlings/ ¥ 6.75x10° 8.48x10"127] 5.72x10" 41.47%
H1BE Electricity/) 1.8144x10'° 173681111.27:31] 3.15%10" 0.23%
HTEHL Kibbler/g 7x10° 7.91x10°3!) 5.54x10" 0.00%
K HLHL Electric generator/g 1x10° 7.91x10°03 7.91x10" 0.06%
% HDPE Cage HDPE/g 1717368. 32 1.91x10°%") 3.28x10" 0.24%
i K Fishnet/ ¥ 1.05x10° 8.48x10!1127] 8.90x10™ 0.06%
453 Diesel oil/g 1.32x107 2.87x10°%7) 3.79%10' 2.74%
TR} Forage/ ¥ 442260 8.48x10'1127] 3.75x10"7 27.17%
fbZ4e 24 Chemical pesticide/ ¥ 0 8.48x10'1(?7] 0.00 0.00%
FEARF U PR Capital construction/ ¥ 18500 8.48x10'?7] 1.57x10' 1.14%
/INGE Subtotal 1.37x10"8 98.91%
JEF Total 1.38x10'"® 100. 00%
KEAFFEE Yield ofLarge yellow croaker/g 35750000
K g1 YA Calorific value of Large yellow croaker/ (J/g) 26382
K g £ [ Heat of Large yellow croaker/J 9.43x10"
KA K PAREE % TR of Large yellow croaker/ (sej/g) 3.86x10"
KB AL K BHBE (4 93 TR of Large yellow croaker/ (sej/J) 1.46x10°
K e (PR 4 5256 H S AR B

2.3 RS R 45

H T AR AR RE MBI B SThR E 40
Ao S R BRHE AK JEI R S R, R 0
RLH A AR BRI TR (4 5) DT & 20
HOX ARGEFF S VY 30 (R BRGS0 SK R S TR e e 8 IS T
AREMELGIT SRR o AR UETER 3 ' g s e e ss s 22 28 &
YRR A WL o o 2 2 T A 2R 28 BT AS ok SEEFRITEREFYCLE
i ahE) 7 EF ® = =4
3 i HZBHNTIH Items

KIAREMEAE 403 TR /2 2k A T R BB E AR A 5 4 2 AMAEGFERGENEERNEHE

WA AR | FR RGO . ATISE %[ Fig2 Structure of the emergy inputs to the large yellow croaker
1. 46X10%sej/] , B 76 e 2% 0 Je 0 R 407 1 — e aquaculture system in Dongji

KRB, T A HOK B RE(EL A A 1 0 1. 46x10° KB

AEAET, SERILO 3 AR MA IR RS ™ LIRS R G AR L, AT K B RE % e 3 76 Rl — B 4

http ; //www. ecologica. cn



12 4 RBE AR ST AR RO 8 £ R GE R ST AR R AN 3851

b S L AT 3 SRR AR IR R G 1. 82%10° sej/J AR FL /N, BB A7 1) #Y K HE
T ZBA YR PHREE 5 P K P AR LD A S R G A P RCR F B R
®4 FRAXSFWRESHLO I A FE SR KX R IR L

Table 4 The emergy indices comparison of large yellow croaker aquaculture system in Dongji With three aquaculture systems surrounding the

Pearl River Estuary

i Abokdef  WILOSG SRIOE@REG  SRINEE
Indices Large yellow croaker Eel Ophicephalus and Mullet Weever
R RE(A A% Transformity TR 1.46x10° 2.24x10° 1.89x10° 1.32x10°
AE(E IR % Empower Density EPD 2.07x10" 2.14x10" 2.37x10" 3.04x10"
5% K 3% /1 Environmental Loading Ratio ELR 91.10 23.42 20.175 26. 145
(™ i % Emergy Yield Ratio EYR 1.011 1.043 1.050 1.038
RTINSy v &3 7 7 7 .
Production Efficiency of Emergy Invested PEEI 6.91x10 4.66x10 5. 54x10 7.88x10
PR REE R

Emergy Exchange Ratio of Yield EERy 2.20 4.09 2.47 1.95

1= \*‘Aé‘\in : b K

HEAFLRFERE SRR 0.011 0.045 0.052 0.040

Emergy Sustainability Index ESI
AL R R ) RE(H 5 4L

Emergy Index for Sustainable Development EISD 0.02 0-18 0-12 0.08
RE 0 IR BH R GE R R BT R0 ELR 2 91. 10, £5 FRAESFBREMNGBIESH

ZAE S RN R R IR Y s, Bis b Table 5 Sensitivity analysis of large yellow croaker aquaculture
U AT IR URAOHEA, R A LGE T v e in Done

T
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