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Fig.1 The application of fish-light complementation in different waters

(a) fish-light complementation on the reservoir, (b) fish-light complementation on the pond, (c) fish-light complementation on the lake, (d) fish-light

complementation on the sea
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Fig.2 Schematic diagram of fish-light complementation
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262 838.25 J7 kWh, #% f&[E 5¢ H Hi HLE 18T fig I
A, HR AN SR R E] 135 911.11
Tot, HE 9.55 4%, HAT BT 4 NI s %
8.83%, HAG&WM 555N 28 741.23 1T, 4
TG BB A5 RN 10.04%, AT 45 i
{HM 413779 170, AARSNIBI S 0 T 5
MRS %, &P altr, HEA R B
TR R IE O AN, IREEE TR
IR RIATE . KR, A S K T RAOR] Y [
BN VSRR TR A R T S B R B A A
Ji& Finifa B HEIA

F= A SRR HOLE AN
ANRWERHEANE, AT E ARl B A T Al 4 -
EEARSE L R, T A X A BRI AT
ST T AR, FTRE KK ™ S, KRE
FEHR2% . W0 H AN AR 7 e B IR K 7 il DL S
CRER YRR, 0] AZE A & R AR IR WL A
Mo T R BE IR VLI Gl g S, A5G
e SOk, TERAE R e S T,
DAY LA D g ot JoT AR 8 8 Dy S e B
Ul EE A WOSCARTE B, IR KR i
6 AN S AR O AL TR 8 B4 5 | i 2 2 WL
IR, DA SR, AT Bl B
() S RN (R, B T akaR M, oA A Sk
iR A A, MU T Rl RO, B
TSR, R T A SRR, AR T GIRAR
It KSR
22 EAEAANESHSHE

PASGRAER  HEOESE, HOLEAMER
H A AT 9D K AR 28 1 70%~85% T, AR TR
A" R B2 B MERF A o Wi H AN
K FRAE SR M e R B RETR, R T R T T K IR,

https://www.china-fishery.cn

AR T AT KIHER O, e AN AR T R
W A5 ), — MA@ A SR X4, X
SOl R G T ARFEFR I K BT, it s AR A o
AL PAL K UL B B HR, A LEi
JEE AN T OGIRI, TE R T A TEA K
T HRFEARG, ¥ KT AK=FEEN A, A
T, A RCE N . ek, Sl
FCARBEFIAR L, B TR RIRBEER, K6
IR EEAE LU Bl b G AR S5 40 BA S i, 5
WADEREEFIA L, K EAR RE 0 & B ECR
=T 30%,

P AR R AR E R S,
S0 — B 2k, KRR Z ] T
ot . A NSO AEIR R, KR . K
AR KA A IR DA B b DX i S8 R B R
ARIFEm, K2R Mok EZ M RE . kI kE
EREIEFES R . AR ™k, W HAEER R
BREE/ SN ST S 1] A = e S Y
g R R, Ak, —seidm i HF
FEL I R B AR SR T 7 R, RJR I A
D IR U R R R A S B OGRS
T rh RN Y EE R AR

UG AN BEIN N S AR B TR S PG b Rk T
AU &I, AR B A 1) PG R X
Jrt G MR — P AR S, XS
Werh A AR B L, DLV IRA 2ok & b
oo, ARE R R A A ) b E ATl AR B R R
i 2019 ) FdifE 2 HiHE, KRk kH 1 kWh,
TFEARHEME 036 kg, 7K 0.004 m®, HEK CO, 0.997
t/4F . SO, 0.03 t/4FE . M2k 0.272 t AR, P25 4
FEAn JE O IEY, 20 H AR & i U A R
127 500 kWh, 38070 A5 HEE 45 900 kg, 7K
510 m*, W/ HE CO, 12.7 JT t, SO,3 825, #
2234680, HET, 2ETCHELIREENL 223 GWH,
PR LL BE B, R AT ik HE L 56 642 T t,
] B PR K ™= S A B 230 7 57,

& 515 5 4F R WO H AN —E IR
ERBREAER . U E AN IR o B K K
R L RE, U H AN 2 ATy, TR
A B [EA ) B OR BHBE FEL LA /] T, R34
SO,. A A L5 XA FH Y Y, [FET T
HOm T HOE SR, 2R T KA, BARTAES
WA . BN, IR 4l B o' B oAb H H
BUG , FTTEMER A 2R A Frign, Ze s

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

8 10 KEAE, & HOLEAMES TR H K RTT I 1529

(AR B 7 o 2R L T X R B RLAE W o A P D P
E ML IE KB, #K BRI R G SilK
DI FE FRIE AR S A, BERTIH f2 DL 2R IR 2K,
SMOBUCA N T £ il SR AR A B (FAD), W51 Tk
IR R RIS B, AA THER
IRYFRI L B,

2.3 EXEAIIKEFENHEINER

W AR T B A B K R A A
BT R ERZS B, K= IR AT
Jila)s

AR FERIARAET TG FRIARE M
JCH AN FRFE AR T E SR Y . R pH.
75 B OGRS A BoR g A, T AR
T2 BE B AR AR K 7 75 88 2 R R AR B0, )
AN, WOGERNAT LA R [R) 3% 58 Fb 2 S E AR 1Y) A=
Kok, Tt ERKIE SRR K IRIE .

FEARIK B (1 7K IE R Ge T PRk S2 ek p, 3m
IR R EO A, A 28 Tk ™ iR ai A
PR AR, AR i U T DAE AR
PR AT WO, & HL 5 955 2 P I R G 4
A, AT A ) BN K AR R A R AR, A
FITORBEIK - FRTH &4

SR B A JE I AR Ak 25 i AR 28 R S
MAEB D, A KA A Pl B 5 0% F 10
TGN PEANTRD, WG E AN R G T OGER BE RR
Pty Lhi it N TFBeab A7 aihl, nr L@ K
FEOA LK A Y e K AR KR B GER
B, TEIK _EICIR RGEE M WG % e ke A
(LED), #YUKAAYREEIE, BUS T RIEFHHAL
BN BRI Ry K IR B AR A K AR YR IR B
PR T — BT

AR BELZERRET T FREFMEA
GRAR KB . FRAH BRI . AR T 1A
AT TR AR IR R A . KR, pH. AAEZ
Tite bR, PR A . B RS . KR EIAT
MR, WTRK WS T, RS FREBOR™,
H TR SRR AR R, HRETEK
PRGN IR AL, WO ARG B A KR
AR, SRS TR R G, FrLAfE
JSHANRG #E S, TR RGN IR R
PRSI TRE . UNTE 100 MW FAL{ B HL 25
M 133.33~200 hm” {9 X8, {8 B 6Ok B o 5 19
WP RG] DUSE R i g AL A B, ok

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

O FRBEATAE R K BUEAL L V5K I, TR
I, b el AR A B AL T L0 3 o O
AL, A F T RACRARA, i 3h IR\ H
b, . Ltk Baefb kg, HareEA
Y4 PR TR AR 200 3.33 hm?, i B REAL 4T B
RG] IR T 33.33~66.67 hm®, I 1 4% = 55
FERE 0.5~2.0 %, 2014 4F, 3L (TL98) & Gk b
ol 2R s B ANS R B R S, AR 75% i
T AR R A B, FRAH AL AR 3K 69 405 TT/
hm?; 2015 4 T4 H 50% 3 1 AL 4 3250 b
W, FRIEARAR IR 42 795 JU/ hm?, 5 AL S R
FRHM, SEFHE 50%~70%, 2015 4F18 4 b
71 V0, M 0 G B AMIY (Carassius auratus) 758 1t 35
FAA R IR 49 755 T0/hm?, HARE RN (80 %
IR 45%)°,

3 G HAMEAE R ]

WG H AN BRI RAF I AE S 2 FE AR KXY
RIEWT, (B RS —Lem

3.1 BROEXAIEIREMR

WO AME— T TR I2ARE, eIk &
IKFEFREE . AW KAeE L R SE AR
WA, BTREEK, RKERY, MM
o= HAET, —S8M IR T — % T
5%, AFEBELRKE M E, B B K2 x5
JEHAMERIBL AR AT, W7ERBER . &R
GiIhfE . SR R . SR AR AR RS L KK B
AT A KIS, AT W E R AT
B 2 P EAT R, ] I R A e ] %%
J1, SR A R
3.2 EIKFEFREIRIEEIGHE

O AT B A OR R, Skt
IKPEFRE NG . R AR . HAT,
HAMAFE R SR P 2 RS . BRE . B
ARERE . A YER2 LKIRAE Tl AR K
N BRI NN R By G o | 4
R A, RTFE /N FE A S it 0 ' B AR
AAEAEE 2 IRECY S AN, /N8 SR8 Al ol e Bk
Z R A A REK ™ i SR E 0, AT
M R AV St T M RN B

WO A RSRA R . AMRIR R, 1
W B ERURA L, AB MR, &

https://www.china-fishery.cn


https://www.china-fishery.cn

1530 KopE OE R 46 45

FHAZ BRAEIIE . S5 4b, ot H AN — B
FEITRE . B L Al B A X, IO T 25k
T i DX S TR A S R — B G TN
RIS A BOR L R, U IR B0 7 S &7
i EAR . e E R . KT YESE, SR

JSRUN NG
3.3 XK FEMER A E M

Dl BERIA IR X £ 25 B A BRY Bl A B
SR AR A R AR DL, I X 7K AR IR 7 A
MR YOL AN AR 2 AR G X 3R 5H
MWIER PRI . PRSI CO, S RAFA R
SEMAVE ™. SERRANELE AR fh 2 M K AR i 4
AR WAHIRER S5 BALRE bR KoK AR . W)
L5, T £ 28 A R R A IR B 3 R T
BEAh, A IE T2 B R AL 22 R i e LA
BRI 2 S HEAT, 7 2RI K/ L ek
LT DU I S DR AR 1B EFRFE ORI
TR PF ST PTH A, D7 68 %
H,

4 L HANK RIS RE
4.1 SRS E AN R R

WL H AN 78R KA BRSO, AR KB
PRI L K7 | RS RGO LA S A
KB AR A5 o (B EE AN BRI 5T H AL
A H, SfEd eI a, BRI EAMY
PAOVFFIE . RGEATH . IREEm R LA, AR
RG5 HRES ARG Z B BURBE & B9 2 e fA
AR, DU SRR LRSI R G A
T A 0 TR e e a4 . it | W) -RE i -k
A SCHR T, JEIE LR 5K AR AR AR AR
HESL M E AN B R R o At S BRI
ARAERS KR P A AR . B AR R A B AR
PR B K AR . R WA AR ORI B
ARBL R M SECT [/, SRR RO R A K
MK AES Y e Fith | PR EREEN AR 1T
. BEEAERE, DLRGRIEK IR g BE A K
TR 55 B PR B

42 BIBRBHMIAREZR, HIITRAME

Mot H AN AR AR KSR b, 2o
ZAF I K i A I — AT A ) IR FE R A L
M RO AMY REM R, O

https://www.china-fishery.cn

H AN R A AFAEE BIRAE . B1TRHCRE &
AU A R A ), WK BHRE B AR L A —
A3 RETFE, W AERIFE . IR RAE A
FCARBEZNIAFES,  anful 47 25k et Fe T IR 2%
o 2ol ot TR F B TR . AN, FEMOE E AN
FEHH Z2 45 T W] g g DR N ¥ 0 i 2B A T AR
B DL IR R T Y, IR E TR AR
AT, AT, EIWF R R . .
JEAR WS BRAE A P ML AL B R AR 45 . R,
o LT WO AN AR ZR T AR ) [ A
Frb PEARMERLIE o 2020 4 A [ ok Bir 2 03T T
e —pR R ) FRbRE, FEARE T8
RE K FRIE M FEABOR, (BB RG M i
ARER, MW HIEOER , SRR AR
43 MREXEASHFERAR, EERELE
SER

FE f e A & BB, | FEk SR
B it o R S B TR i ) A R A A G AT, WO E
A BRFE AR ACEEBAR, SRR A S, BRI
FEH KIS P RIR T, ANFF G K= IR R
KIBIER, BN A2 T R R gtk
Wh5E, e w4 = 56 R & f By B[R
DT P A, AR R S (0 7K 7= FR I R AT 5
FAHARRZR o MEVR I s B AN LU -
AL SR I N SR, A — RN IRIE IR
I A 2ol FRFEAR . PRSI 7K B 1 it
Ho—Ha, DT85 X KK T A RGN LA
MfER, #ESL AR R 76 A Rl d i oG B
A, N E SRR L B AN T IR R, L
J IR 25 R T SRR A RS, Ah, i
JE AN & S TR AT SR AR SRR RS
IR AR K L R 3 K, (B AR AR 0, (i dE
B IR ILZ MBS TAEM 21, ARG R
PEAE BRI e s BB I b, T RS E AL T
), AERBEEE, EERHEAIHEM, 91
St H AN SR K R

4.4 AFEMXEXEAEEBRMN S

R 2020 47, 4 E K= R E 1 AR 703.61
J7 hm?, oot 3 57 58 1 A A 262.54 77 hm®, A
T H S R RS AS K, SRR T
B AN ERE N A3 o 3R AR 0 0 i b X 2
WIEFRA R EE X, R BAEAORS, &
LGSR B p A5 . LATT R4S R, 2020 4EVT 55

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

8 10 KEAE, & HOLEAMES TR H K RTT I 1531

BKPEFRA T AR E 59.85 71 hm?, 2 EHEA =,
o I A RN 31.64 J7 hm?®, A 5
FEHMIETE 80 d FRIAWI LA 2 5250 T/ hm’,
FEANBRAR - PR T AR T, A i IS R e Ay
WOE T MBS, K AR 161470, G
[ S5 Ry IR RE R BH BE 5% U5 P4 w0 BB i B e 5
AR RS [ A AR A R o, I SRR
JETRE K PHRE R R A B LK, AR R R AR
4200 MI/m* IR, & TOBR U HLIX H TR K
MERE 3 5 v, AN IE B R G AN X
IR B RAUR TRk =28 IX, Hikok . K
FAHWE AR . HHOEE . BRIk, AMUEKR
MBSO T AN, 8 T LHFE R EiOE T AMER,
RGN K SIS BT T

B, WO E MR —IREA R RV R T
ER A PR A, RSB R H AR R AR
FEAF Bl BIE ST R IBTER A, 0 DI R) 1 26 R 48 0
YBT3, 3F— 20 1 2 T g IR A 7 R K
PRI AR R JE

(1 7 9 A U 5K I 25 v A B A 35 o )

SE ik (References):

[1] ealbefeds 3 vl v BOE B3R, A /K P> BoRHE S S,

W E KR e E L ST 4 -2020[M]. dE R H
Al H Rl A, 2020.
Fishery Administration of the Ministry of Agriculture
and Rural Affairs, National Aquatic Technology Promo-
tion Station, China Fisheries Society. China fishery stat-
istical yearbook 2020[M]. Beijing: China Agricultural
Press, 2020 (in Chinese).

(2] HEIEHE, diseB, R TT. Mool 0I5 i % 55 5 7 #54k
KRS FE[T]. o E AR, 2018, 20(5): 63-68.
Cui Z G, Qu K M, Tang Q S. Study on situations and
sustainable development strategies of China's fishery
environment[J]. Engineering Science, 2018, 20(5): 63-68
(in Chinese).

[31 M2, W& K TR E T T[] K= RHE

&4k, 2016(4): 220-221.
Hao D. ‘Fish-light complementation’ promotes the trans-
formation and upgrading of aquaculture[J]. Fisheries Sci-
ence & Technology Information, 2016(4): 220-221 (in
Chinese).

(41  MX, £, K5, & 20560 5B 5L
2 AR HOGR R FB AR R as 7 [J]. AL )R

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

[10]

(1]

[12]

[13]

[14]

243, 2018, 38(6): 21-28.

Yang M, Wang S S, Li D Y, ef al. Cost-benefit analysis
of centralized photovoltaic power generation consider-
ing environmental benefit under the life cycle[J]. Journal
of Northeast Electric Power University, 2018, 38(6): 21-
28 (in Chinese).

Eltawil M A, Elsbaay A M. Utilisation of solar photovol-
taic pumping for aeration systems in aquaculture
ponds[J]. International Journal of Sustainable Energy,
2016, 35(7): 629-644.

Sahu A, Yadav N, Sudhakar K. Floating photovoltaic
power plant: a review[J]. Renewable and Sustainable
Energy Reviews, 2016, 66: 815-824.

Moss R H, Edmonds J A, Hibbard K A, et al. The next
generation of scenarios for climate change research and
assessment[J]. Nature, 2010, 463(7282): 747-756.
Hall-Spencer ] M, Rodolfo-Metalpa R, Martin S, et al.
Volcanic carbon dioxide vents show ecosystem effects of
ocean acidification[J]. Nature, 2008, 454(7200): 96-99.
Orr J C, Fabry V J, Aumont O, et al. Anthropogenic
ocean acidification over the twenty-first century and its
impact on calcifying organisms[J]. Nature, 2005,
437(7059): 681-686.

Kroeker K J, Kordas R L, Crim R N, et al. Response to
technical comment on “meta-analysis reveals negative
yet variable effects of ocean acidification on marine
organisms”[J]. Ecology Letters, 2011, 14(9): E1-E2.
Tsoutsos T, Papadopoulou E, Katsiri A, et al. Support-
ing schemes for renewable energy sources and their
impact on reducing the emissions of greenhouse gases in
Greece[J]. Renewable and Sustainable Energy Reviews,
2008, 12(7): 1767-1788.

Longo A, Markandya A, Petrucci M. The internalization
of externalities in the production of electricity: willing-
ness to pay for the attributes of a policy for renewable
energy[J]. Ecological Economics, 2008, 67(1): 140-152.
T, B, KRG, OB RK RS m RL TR A 4%
AT H BRI, BHEZ5 ST, 2018(19): 117,

Xin S, Li Z P, Zhang T, et al. Overview of the integ-
rated project on photovoltaic power generation and effi-
cient fisheries farming[J]. The Guide of Science & Edu-
cation, 2018(19): 117 (in Chinese).

R b A, AL 7K a0 b ) EBG DY R A S BIR K R R i
). B BEARAREERE 224K, 2018, 28(1): 119-121.

Chen S N, Du Y Q. Research status and development
trend on fishery internet of things[J]. Journal of Xinyang

https://www.china-fishery.cn


http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.1080/14786451.2014.928295
http://dx.doi.org/10.1016/j.rser.2016.08.051
http://dx.doi.org/10.1016/j.rser.2016.08.051
http://dx.doi.org/10.1038/nature08823
http://dx.doi.org/10.1038/nature07051
http://dx.doi.org/10.1038/nature04095
http://dx.doi.org/10.1111/j.1461-0248.2011.01665.x
http://dx.doi.org/10.1016/j.rser.2007.04.002
http://dx.doi.org/10.1016/j.ecolecon.2007.12.006
http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.3969/j.issn.1005-2992.2018.06.005
http://dx.doi.org/10.1080/14786451.2014.928295
http://dx.doi.org/10.1016/j.rser.2016.08.051
http://dx.doi.org/10.1016/j.rser.2016.08.051
http://dx.doi.org/10.1038/nature08823
http://dx.doi.org/10.1038/nature07051
http://dx.doi.org/10.1038/nature04095
http://dx.doi.org/10.1111/j.1461-0248.2011.01665.x
http://dx.doi.org/10.1016/j.rser.2007.04.002
http://dx.doi.org/10.1016/j.ecolecon.2007.12.006
https://www.china-fishery.cn

1532 Ko R 46 &
Agriculture and Forestry University, 2018, 28(1): 119- able and Sustainable Energy Reviews, 2017, 80: 572-
121 (in Chinese). 584.

(151 258, (ERER, W0, &5 dlb PpInk i o S 3R 2 R [23]  BRAtaE, BATE L, RSB, 4. FLANVE ST R b R G AR 4R
JRFEAT]. RFERHE(F AT, 2019(2): 265. 2 TR TR [T]. L IARAL, 2020, 47(1): 24-30.
Li H, Ren H W, Kan Z, et al. Research status and devel- Chen X Y, Zhao J C, Tang S L, et al. Experiment on film
opment trend on fishery internet of things[J]. Nongjia photovoltaic intensive engineering culture of Litopen-
Keji, 2019(2): 265 (in Chinese). aeus vannamei[J]. Fishery Modernization, 2020, 47(1):

[16] M L. 6 AR & Bk B3], B AR S N, 24-30 (in Chinese).
2020(9): 56-57. [24]  Choi Y K. A study on power generation analysis of float-
Tian K. Overview of the photovoltaic power generation ing PV system considering environmental impact[J].
industry[J]. Technology Innovation and Application, International Journal of Software Engineering and its
2020(9): 56-57 (in Chinese). Applications, 2014, 8(1): 75-84.

[17] BB, F2Ey, TRE BRI EANKRIRR [251 BB, SEIEOC, WG, S5 Ut — R B IR T T
b PLSBIH20MWp AR b S AR B T8 [l S il 1], & AR, K72 F75H, 2015, 36(7): 6-9.
B R, 2015(22): 360-362. Qu B, Wu Z W, Xie W, et al. Effect of “Fishing light
ZhaoY J, Meng X X, Wang J B. Explore the comple- complementary” on plankton in catfish pond[J]. Journal
mentary model of fishery and photovoltaic power to pro- of Aquaculture, 2015, 36(7): 6-9 (in Chinese).
mote eco-agriculture—a case study of ezhou agricultural [26]  ZEMS, BE— 5. 51 S0RT T3 A B I H ol R R L ) R
demonstrative of 20MWp photovoltaic power station[J]. BRBE—LUNEEREHR .. TR KM
Journal of Anhui Agricultural Sciences, 2015(22): 360- LEART]. KBHAE, 2020(11): 5-8.
362 (in Chinese). LiP, Chen Y Y. Interview with Mei Shengwei, pro-

[18] B Wi Hh X v e B oAb i B TREA 7T [D]. b3 fessor of Tsinghua University and vice president of
fEAE L T3 K2, 2018. Qinghai University[J]. Solar Energy, 2020(11): 5-8 (in
Wu W. A study of fishery photovoltaic hybrid supply Chinese).
system in an area of Zhejiang[D]. Beijing: North China 271  RIh. BRI BUARRESE T E——2018F A Bk AR e
Electric Power University, 2018 (in Chinese). PILR BT [I]. BEIEVTE, 2019(8): 60-63.

[19]  BATHAL. i — A = PRSI AR T v 5 4 I 2 #E Cheng G. Steady progress and continuous decline in cost-
PERIEFT [D]. B SRR, 2016. analysis of the current situation of global renewable
Zhao B L. Study on community structure and diversity energy in 2018[J]. Energy Review, 2019(8): 60-63 (in
of environmental microbial in the photovoltaic fishery Chinese).
mode[D]. Wuhan: Huazhong Agriculture Uniiversity, 28] HEZREEVER. B Hr 72847 o [ W] P AR RR R R R ORI
2016 (in Chinese). R A2 [EB/OL]. (2021-03-30). http://www.nea.gov.cn/

[20] Pl F . v 6 RS H ol b ik i R 0 B (D). K BH g, 2021-03/30/c_139846095 htm.
2015(10): 34-36. National Energy Administration. The State Council New
Lu R. Key points of site selection of fish-light comple- Office held a press conference on China's renewable
mentary power station[J]. Solar Energy, 2015(10): 34-36 energy development. [EB/OL]. (2021-03-30). http:/
(in Chinese). www.nea.gov.cn/ 2021-03/30/c_139846095.htm.

211 XIXTT, 8, W, &5, <o TAN EL I3 X R R i 291  Sk#&, WHEER, A, S5 YR A B g AR H
s D], A E AR, 2014(32): 94-95. A S 53T [3]. T EZE R IR, 2020(15): 29-30.
Liu HY, Zhong L, Xie W, et al. "Fish-light complement Zhang L, Ye H R, Bo S, ef al. Typical case study of
"1in Jiangsu region development prospects and applica- Jiangsu company's construction lake fish-light comple-
tion of thinking[J]. Contemporary Animal Husbandry, mentary project[J]. Defense Industry Conversion in
2014(32): 94-95 (in Chinese). China, 2020(15): 29-30 (in Chinese).

[22] Pringle A M, Handler R M, Pearce ] M. Aquavoltaics: [30]  E B B AP A KL BN R B I EH BN

synergies for dual use of water area for solar photovol-

taic electricity generation and aquaculture[J]. Renew-

https://www.china-fishery.cn

BE[]. TSR, 2017(2): 29.
Zhang Y T. The largest "fish light complementary"

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.3969/j.issn.0517-6611.2015.22.131
http://dx.doi.org/10.3969/j.issn.0517-6611.2015.22.131
http://dx.doi.org/10.3969/j.issn.0517-6611.2015.22.131
http://dx.doi.org/10.3969/j.issn.1003-0417.2015.10.011
http://dx.doi.org/10.3969/j.issn.1003-0417.2015.10.011
http://dx.doi.org/10.1016/j.rser.2017.05.191
http://dx.doi.org/10.1016/j.rser.2017.05.191
http://dx.doi.org/10.14257/ijseia.2014.8.1.07
http://dx.doi.org/10.14257/ijseia.2014.8.1.07
http://dx.doi.org/10.3969/j.issn.1004-2091.2015.07.002
http://dx.doi.org/10.3969/j.issn.1004-2091.2015.07.002
http://dx.doi.org/10.3969/j.issn.1004-2091.2015.07.002
http://dx.doi.org/10.3969/j.issn.1003-0417.2020.11.001
http://dx.doi.org/10.3969/j.issn.1003-0417.2020.11.001
http://www.nea.gov.cn/2021-03/30/c_139846095.htm
http://www.nea.gov.cn/2021-03/30/c_139846095.htm
http://www.nea.gov.cn/ 2021-03/30/c_139846095.htm
http://www.nea.gov.cn/ 2021-03/30/c_139846095.htm
http://dx.doi.org/10.3969/j.issn.1008-5874.2020.15.013
http://dx.doi.org/10.3969/j.issn.1008-5874.2020.15.013
http://dx.doi.org/10.3969/j.issn.1008-5874.2020.15.013
http://dx.doi.org/10.3969/j.issn.0517-6611.2015.22.131
http://dx.doi.org/10.3969/j.issn.0517-6611.2015.22.131
http://dx.doi.org/10.3969/j.issn.0517-6611.2015.22.131
http://dx.doi.org/10.3969/j.issn.1003-0417.2015.10.011
http://dx.doi.org/10.3969/j.issn.1003-0417.2015.10.011
http://dx.doi.org/10.1016/j.rser.2017.05.191
http://dx.doi.org/10.1016/j.rser.2017.05.191
http://dx.doi.org/10.14257/ijseia.2014.8.1.07
http://dx.doi.org/10.14257/ijseia.2014.8.1.07
http://dx.doi.org/10.3969/j.issn.1004-2091.2015.07.002
http://dx.doi.org/10.3969/j.issn.1004-2091.2015.07.002
http://dx.doi.org/10.3969/j.issn.1004-2091.2015.07.002
http://dx.doi.org/10.3969/j.issn.1003-0417.2020.11.001
http://dx.doi.org/10.3969/j.issn.1003-0417.2020.11.001
http://www.nea.gov.cn/2021-03/30/c_139846095.htm
http://www.nea.gov.cn/2021-03/30/c_139846095.htm
http://www.nea.gov.cn/ 2021-03/30/c_139846095.htm
http://www.nea.gov.cn/ 2021-03/30/c_139846095.htm
http://dx.doi.org/10.3969/j.issn.1008-5874.2020.15.013
http://dx.doi.org/10.3969/j.issn.1008-5874.2020.15.013
http://dx.doi.org/10.3969/j.issn.1008-5874.2020.15.013
https://www.china-fishery.cn

8

KEAE, & HOLEAMES TR H K RTT I 1533

(311

[32]

[33]

[34]

[33]

[36]

[37]

[38]

photovoltaic power generation project in China has been
put into operation[J]. Ningbo Communication, 2017(2):
29 (in Chinese).

P X R A . D ORI B 300 JR TLIAYG B
#h 6 AR H 35 55 H [EB/OLY]. (2020-03-19). http://www.
xingbin.gov.cn/xwzx/gddt/t2515497 shtml.

Rong Media Center, Xingbin District. Xingbin District
plans to build a 300 MW fish-light complementation
photovoltaicpowerstationproject. [EB/OL].(2020-03-19).
http://www.xingbin.gov.cn/xwzx/gddt/t2515497. .shtml.
JEARZR. S8R R O — R T IE ],
5K HTHE, 2017(12): 38.

Tang D D. Guo Yizhong. Tongwei focuses on the "integ-
ration of fishing and light" model[J]. Ocean and Fishery,
2017(12): 38 (in Chinese).

R, BHA, W . L R LED s R UTK
TN BRI [I]. 7K 7= 54 &, 2013, 26(4): 47-50.
Han S C, Guo C Y, Jiang S Y, et al. Removal of ammo-
nia in a recirculating aquaculture by submerged plants
under LED illumination[J]. Chinese Journal of Fisheries,
2013, 26(4): 47-50 (in Chinese).

Ogunremi J B, Oladele O I. Adoption of aquaculture
technology by fish farmers in Lagos State, Nigeria[J].
Life Science Journal, 2012, 9(2): 329-333.

FROLUE, AR, TR, A U — AT SR KRR
PRIX v HE o B 8 — U R ) R L A A EER D], WK,
2021, 51(3): 108-112.

Wu L F, Niu C, Zhang H, et al. Comparison study of the
growth of Eriocheir sinensis in the photovoltaic and non-
photovoltaic area in the Yuguangyiti ponds[J]. Freshwa-
ter Fisheries, 2021, 51(3): 108-112 (in Chinese).

B, W, SO0, S B — R IR B B
PRI I[)]. AR A, 2015(11): 38.

Qu B, Xie W, Wu Z W, et al. Simulate the effect of "fish-
light complementary " blackout on the growth of jaun-
dice[J]. Scientific Fish Farming, 2015(11): 38 (in
Chinese).

FE, B, 255 AR T AR A D). KRR
%, 2007, 34(1): 25-28.

Wang W, Cheng Y X, Li Y S. The biology of crabs[J].
Fisheries Science & Technology Information, 2007,
34(1): 25-28 (in Chinese).

FHH, RHEOEE. G — & HFEEIR TR AL AR L[], Mk EL
B 16/, 2016(22): 37-38.

Wang S S, Wu Y L. Fishing light one shrimp crab mixed
breeding benefits are good[J]. Fishery Guide to be Rich,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

2016(22): 37-38 (in Chinese).

BriE A, mJRaA, Lo plme, & Bk axTiR . ALK
RAFE SIE R R[], IR AR (HARRHER),
2001, 6(4): 296-300.

Chen C S, Ye Z H, Ji D H, et al. Effect of temperature
on growth, food intake and survival rate in Penaeus van-
namei under different temperature conditions[J]. Journal
of Jimei University (Natural Science), 2001, 6(4): 296-
300 (in Chinese).

XITHZE T 100 MWp"it — 4" BIR 6ROk
T H AT ATHERIT AT [D]. kst Abstib TR, 2015,

Liu M J. The feasibility study of the 100 MWp "Fishery
and photoelectricity integration ” Zhixi photovolaic
power generation project in Changzhou, Jiangsu[D].
Beijing: Beijing University of Chemical Technology,
2015 (in Chinese).

AEERE, IR, VR IR, &8 s — R 30 E K AL 2>
Hr——ATWHT G5 44 2 it Ll kG & e 9 )], Pt R
Mk TFE, 2020, 44(3): 38-42.

Xiong Z K, Liu J Q, Shen M Q, et al. Benefit analysis of
integrated project of fishing and lighting-taking TW new
energy provincial fishery boutique park as an
example[J]. Tropical Agricultural Engineering, 2020,
44(3): 38-42 (in Chinese).

Ferrer-Gisbert C, Ferran-Gozalvez J J, Redon-Santafé M,
et al. A new photovoltaic floating cover system for water
reservoirs[J]. Renewable Energy, 2013, 60: 63-70.
Mckay A. Floatovoltaics : quantifying the benefits of a
hydro -solar power fusion[J]. Pomona Senior Theses,
2013, Paper 74.

Cazzaniga R, Rosa-Clot M, Rosa-Clot P, ef al. Floating
tracking cooling concentrating (FTCC) systems[C]//2012
38th IEEE Photovoltaic Specialists Conference. Austin,
TX, USA: IEEE, 2012: 514-519.

Buschmann A H, Varela D A, Hernandez-Gonzalez M
C, et al. Opportunities and challenges for the develop-
ment of an integrated seaweed-based aquaculture activ-
ity in Chile: determining the physiological capabilities of
Macrocystis and Gracilaria as biofilters[J]. Journal of
Applied Phycology, 2008, 20(5): 571-577.

Neori A, Chopin T, Troell M, et al. Integrated aquacul-
ture: rationale, evolution and state of the art emphasiz-
ing seaweed biofiltration in modern mariculture[J].
Aquaculture, 2004, 231(1-4): 361-391.

RIFEE, ANIE. DI E L To A BT RE TR ——
FRE AR SR BE R AT 435 582 5 JI8 A B PR (0], TR 22

https://www.china-fishery.cn


http://www.xingbin.gov.cn/xwzx/gddt/t2515497.shtml
http://www.xingbin.gov.cn/xwzx/gddt/t2515497.shtml
http://www.xingbin.gov.cn/xwzx/gddt/t2515497.shtml
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.04.011
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.04.011
http://dx.doi.org/10.3969/j.issn.1000-6907.2021.03.015
http://dx.doi.org/10.3969/j.issn.1000-6907.2021.03.015
http://dx.doi.org/10.3969/j.issn.1000-6907.2021.03.015
http://dx.doi.org/10.3969/j.issn.1001-1994.2007.01.010
http://dx.doi.org/10.3969/j.issn.1001-1994.2007.01.010
http://dx.doi.org/10.3969/j.issn.1001-1994.2007.01.010
http://dx.doi.org/10.1016/j.renene.2013.04.007
http://dx.doi.org/10.1007/s10811-007-9297-x
http://dx.doi.org/10.1007/s10811-007-9297-x
http://dx.doi.org/10.1016/j.aquaculture.2003.11.015
http://www.xingbin.gov.cn/xwzx/gddt/t2515497.shtml
http://www.xingbin.gov.cn/xwzx/gddt/t2515497.shtml
http://www.xingbin.gov.cn/xwzx/gddt/t2515497.shtml
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1672-4046.2017.12.035
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.04.011
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.04.011
http://dx.doi.org/10.3969/j.issn.1000-6907.2021.03.015
http://dx.doi.org/10.3969/j.issn.1000-6907.2021.03.015
http://dx.doi.org/10.3969/j.issn.1000-6907.2021.03.015
http://dx.doi.org/10.3969/j.issn.1001-1994.2007.01.010
http://dx.doi.org/10.3969/j.issn.1001-1994.2007.01.010
http://dx.doi.org/10.3969/j.issn.1001-1994.2007.01.010
http://dx.doi.org/10.1016/j.renene.2013.04.007
http://dx.doi.org/10.1007/s10811-007-9297-x
http://dx.doi.org/10.1007/s10811-007-9297-x
http://dx.doi.org/10.1016/j.aquaculture.2003.11.015
https://www.china-fishery.cn

1534 KO R 46 %
e (B AL SFREERR), 2000, 15(6): 72-76. logical environment of "fishing light complementary"
Wu Z X, Lv Y Y. The coatbased diversified cleaning photovoltaic power station[J]. Global City Geography,
energy strategy-China’s future sustainable energy devel- 2016(20): 98-99 (in Chinese).
opment strategy[J]. Journal of Tsinghua University [55] Halweil B. Farming fish for the future[J]. Worldwatch
(Philosophy and Social Sciences), 2000, 15(6): 72-76 (in Paper, 2008, 176(176): 1-42.
Chinese). [56] Meseck S L, Alix J H, Wikfors G H. Photoperiod and

[48] M. KJ7k i vl Ae Uk o 7 T RR 82k 2 (7). light intensity effects on growth and utilization of nutri-
FE I 59 V5 BEYE, 2008, 24(9): 1-2. ents by the aquaculture feed microalga, Tetraselmis chui
Wu G H. Vigorous development of renewable energy (PLY429)[J]. Aquaculture, 2005, 246(1-4): 393-404.
promote continuous development of electricity[J]. Power [571 Boeuf G, Le Bail P Y. Does light have an influence on
System and Clean Energy, 2008, 24(9): 1-2 (in Chinese). fish growth?[J]. Aquaculture, 1999, 177(1-4): 129-152.

[491  TEERE. K IR BN AN F 5 [D]. Kb [58] DianaJ S. Aquaculture production and biodiversity con-
Kb T K%, 2015. servation[J]. BioScience, 2009, 59(1): 27-38.
Ning J R. Research on building of carbon emissions cost [591 BN, ZEROL, THES Y, S5 IR IR A pHAE X ARIR
accounting system in themal power company[D]. Chang- i G R RN 4 3530 g 1L K58 A VR FH s e Bl g
sha: Changsha University of Science & Technology, T A K 2R AN AR ) B 1 R[], B ) 22 AR,
2015 (in Chinese). 2004, 22(2): 129-135.

[50] FEEFE. K T30k B A b IR BRAS I S Ak R R 5 v A Deng G, Li Y G, Hu H J, et al. Effects of temperature,
WEFT [D]. FERIGEARE: N 5 K2, 2010. light and ph on photosynthesis, and of light-dark cycle
Bai M D. Research on the contitution of thermai power on growth rate and biomass of scrippsiella trochoidea
enterpises’environmental coat calculating system and its and alexandrium tamarense[J]. Journal of Wuhan Botan-
application study[D]. Hohhot: Inner Mongolia Uni- ical Research, 2004, 22(2): 129-135 (in Chinese).
versity, 2010 (in Chinese). (601  HEASE, g, Eak, & FE s — R T SR IE AT

(511 Beak. 47 i i 3 00 o A 2006 R R HL KD R A — 2 TR A HOR (9], BRI K7, 2020, 39(5): 34-
# [D]. b5 HAb IR, 2015. 35,40.
Pi W. Study on cost-effectiveness of distributed PV Dong J W, Kang M, Wang J, ef al. Coldland "fishing-
based on the whole life cycle[D]. Beijing: North China light one" pond culture Songhua River mackerel com-
Electric Power University, 2015 (in Chinese). modity fish technology[J]. Heilongjiang Fisheries, 2020,

[52] 4= DB AR IR 99 I 00 T 0. 2020 BT =ZRE A & 39(5): 34-35,40 (in Chinese).
BICRENL KR ENE L — % [EB/OL]. (2020-11-02). [61]  ZEHHL. s — A BCUHEDLA R R T R (0], B
https://guangfu.bjx.com.cn/news/20201102/1113183.sht ZEF7 4, 2016(10): 13-15.
ml. Liang Q L. The "fish-light integration" model promotes
National New Energy Consumption Monitoring and the transformation and upgrading of modern fisheries[J].
Early Warning Center. IList of photovoltaic installed Scientific Fish Farming, 2016(10): 13-15 (in Chinese).
capacity and power generation in all provinces in the [62]  ZEROu. yRMTE K IR L B ANER R BT H 1R &
first three quarters of 2020. [EB/OL]. (2020-11-02). SR St 22 s [J]. BH, 2015, 4(10): 10,12.
https://guangfu.bjx.com.cn/news/20201102/1113183. Liang Z W. A brief analysis of the development pro-
shtml. spects and implementation points of marine aquaculture

[53]1  REREF. mlifinlk 5 X Xk AL [T]. YT fishery and light complementary photovoltaic power
KR, 2011(2): 5-7. generation projects[J]. Research, 2015, 4(10): 10,12 (in
Tang Q S. Carbon sink fishery and good and fast devel- Chinese).
opment of modern fishery[J]. Jiangxi Fishery Sciences [63]  ARIEL, BXUkEE. & B e B AN B 5] B
and Technology, 2011(2): 5-7 (in Chinese). IR, 2016(10): 16-17.

[54]  ZRiGHE, MRAE, BROR, &, <ot BAN BDGAR f s o AR 2 Song Q H, Zhao Y F. Introduction to Changshu fishery

RSS2 (T ER AL []. 30T HhEE, 2016(20): 98-99.
Li H T, Lin J, Chen R, ef al. The exploration of the eco-

https://www.china-fishery.cn

light complementary project[J]. Scientific Fish Farming,
2016(10): 16-17 (in Chinese).

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.3969/j.issn.1674-3814.2008.09.001
http://dx.doi.org/10.3969/j.issn.1674-3814.2008.09.001
http://dx.doi.org/10.3969/j.issn.1674-3814.2008.09.001
https://guangfu.bjx.com.cn/news/20201102/1113183.shtml
https://guangfu.bjx.com.cn/news/20201102/1113183.shtml
https://guangfu.bjx.com.cn/news/20201102/1113183. shtml.
https://guangfu.bjx.com.cn/news/20201102/1113183. shtml.
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1674-2508.2016.20.073
http://dx.doi.org/10.3969/j.issn.1674-2508.2016.20.073
http://dx.doi.org/10.1016/j.aquaculture.2005.02.034
http://dx.doi.org/10.1016/S0044-8486(99)00074-5
http://dx.doi.org/10.1525/bio.2009.59.1.7
http://dx.doi.org/10.3969/j.issn.1674-2419.2020.05.015
http://dx.doi.org/10.3969/j.issn.1674-2419.2020.05.015
http://dx.doi.org/10.3969/j.issn.1674-3814.2008.09.001
http://dx.doi.org/10.3969/j.issn.1674-3814.2008.09.001
http://dx.doi.org/10.3969/j.issn.1674-3814.2008.09.001
https://guangfu.bjx.com.cn/news/20201102/1113183.shtml
https://guangfu.bjx.com.cn/news/20201102/1113183.shtml
https://guangfu.bjx.com.cn/news/20201102/1113183. shtml.
https://guangfu.bjx.com.cn/news/20201102/1113183. shtml.
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1006-3188.2011.02.002
http://dx.doi.org/10.3969/j.issn.1674-2508.2016.20.073
http://dx.doi.org/10.3969/j.issn.1674-2508.2016.20.073
http://dx.doi.org/10.1016/j.aquaculture.2005.02.034
http://dx.doi.org/10.1016/S0044-8486(99)00074-5
http://dx.doi.org/10.1525/bio.2009.59.1.7
http://dx.doi.org/10.3969/j.issn.1674-2419.2020.05.015
http://dx.doi.org/10.3969/j.issn.1674-2419.2020.05.015
https://www.china-fishery.cn

8 10 KEAE, & HOLEAMES TR H K RTT I 1535

[64]  Asche F, Khatun F. Aquaculture: issues and opportunit- HAARAC BT [I]. BHEHR AT, 2021(3): 145-147.
ies for sustainable production and trade[C]/ICTSD Nat- Zhai C Y. Electrical optimization design of 100 MW
ural Resources, International Trade and Sustainable fishing light complementary photovoltaic power station
Development. Geneva: ICTSD, 2006(5): 63. in Changhe, Beigang, Yiyang[J]. Scientific and Techno-
[651 Tk H. WAL R S IR IR L I A SR [T]. logical Innovation, 2021(3): 145-147 (in Chinese).
AP ARER BR (22 ARAR), 2008, 6(8): 115-117. [68] LiuM H, Yu H X, Liu Q G, et al. Water quality evalu-
Zhang Y. Current situation, problems and countermeas- ation index system for freshwater aquaculture pond[J].
ures of special aquatic products breeding in Hubei Agricultural Science & Technology, 2011, 12(7): 1025-
Province[J]. Economic & Trade Update, 2008, 6(8): 115- 1028,1038.
117 (in Chinese). [69]1 ORI, FI K, FEIL, & “FEEHEMA G MR
[66] L. MZEIMFRIHE [M]. KOE: KIEH T R% AL, B S W] BHEIH 5 M, 2020(9): 34-35,38.
2000. Sun G, Wang Y F, Wang X J, e al. Development, design
Wang W. Fish culture[M]. Dalian: Dalian University of and research of "smart" marine cage platform[J]. Tech-
Technology Press, 2000. nology Innovation and Application, 2020(9): 34-35,38
[67] TR, 25 P AL HE KT 100 MW DG A0 R 6 AR L ok (in Chinese).

Eco-economic characteristics and development direction of the
fish-light complementation

ZHANG Jiahua, LIU Xingguo’, GU Zhaojun, CHENG Guofeng, ZHU Hao
(Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China)

Abstract: Fish-light complementation is a clean and efficient production model developed rapidly in recent years,
which provides a huge development space for aquaculture. It has the characteristics of clean, low-carbon, and high
efficiency. However, there are some problems, such as blank basic research, irregular facility system, insufficient
aquaculture technology, and so on. This paper introduces the concept and characteristics of fish-light complement-
ation in detail, analyzes the economic, ecological, and social values of fish-light complementation, and puts for-
ward development suggestions combined with the problems existing in the development process. This study may
provide a reference for promoting the healthy and sustainable development of the fish-light complementation
industry in China. By fish-light complementation, the solar module has a high power conversion efficiency due to
the low surface temperature near the water; the evaporation rate of the water surface is reduced by more than 70%
due to solar panels, which saves a lot of water for aquaculture; environmentally friendly aquaculture and power
generation models promote the redevelopment of the ecosystem; we can use the smart fishery system to control the
aquaculture environment, thereby increasing the growth rate of fish and improving the economic benefits of
aquaculture. In addition, from the perspective of energy-saving and emission reduction, if the national average
light intensity is combined with the complementary technology of fishing and light, based on the aquaculture area
currently in use, it will be able to generate more than 50 megawatt-hours of electricity each year and save about 18

billion tons of coal and reduce 49.85 megatons of carbon dioxide emissions.
Key words: fish-light complementation; photovoltaic; aquaculture; energy conservation
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