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Fig. 1 Lifecycle of patented technology of facility
aquaculture in China
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Fig. 2 Lifecycle of patented technology of facility aguacul-
ture in other countries and regions
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Fig. 3 Development trends of four technical fields of
facility aquaculture in China
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Fig. 4 Development trends of four technical fields of
facility aquaculture in other countries and regions
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Tab.1 Thetopl0 applicantsfor patents of facility aquaculture
#[E China HAth = Z F X other countries and regions
A i A e
patent applicant number of patent applicant number of
patent patent
WRVT i 7E K% Zhejiang Ocean University 355 far 22 W B MR AR A AR AF DSM 1P 103
AssetsB.V.
b EEPE RS Shanghai Ocean University 272 RIS DR JR 4522 7] NV Bekaert SA 78
F K B2 B IR K S UF T R L 254 T8 ARAE A A B Linde AG 72
Freshwater Fishery Research Center, Chinese Academy
of Fishery Sciences
o [ K B 2 B B BT K BT 9 B 237 i [ [E 57K 72 B2 8 Korea ocean research and de- 69
Yellow Sea Fisheries Research Institute, Chinese Acad- velopment institute
emy of Fishery Sciences
oh K PR R 2 I B AR T K P B ST 222 T ZR R R A R 2 W] Tetra GmbH 58
East China Sea Fisheries Research Institute, Chinese
Academy of Fisheries Sciences
o LK B 2 WIS B AL A S B 5 i 216 2% F Sk 4: 98 37 /A W] Advanced BioNutrition Corp. 56
Fishery Machinery and Instrument Research Institute,
Chinese Academy of Fishery Sciences
o [ K B 2 B B R VK B9 B 154 3 ] o 5 A5 4 I PR B 43 A BR A F Intervet Interna- 49
South China Sea Fisheries Research Institute, Chinese tional B.V.
Academy of Fishery Sciences
ST 64 RS 7 Tongwel Co., Ltd, 164 | SfE 5 H LK EURGRERR SR University of Mar- 48
yland, Baltimore County
J7 2R K2 Guangdong Ocean University 136 H A& =28 Tk #aU4&4t Mitsubishi Heavy Indus- 45
tries, Ltd.
rf1 &3 £ K% Ocean University of China 119 T EE TR S AW AP L Center for Genetic 42

Engineering and Biotechnology
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Fig. 6 Patent application trend of innovation
entities in global facility aquaculture
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Tab. 2 Highly cited patents of facility aquaculturein China

LR LR 2R BETHERK HIE A
patent number title of patent citations patent applicant
CN201430847Y a4 F T 3k 57 5 (1 1R PR /K Ab #1L R 5¢ 133 U
Circulating water treatment system for high-density pond culture HUANG Feng

CN204968969U  — A5 AEEFMRLE K- IR I R 5L

Energy-concerving and environment-protective ecological ag-

uaculture system

CN204968968U  —Fhiti A [ Bl AL B 19 A 250K R R B

Ecological aquaculture system with automatic feeding device

CN1853498A /vl LA HH Ik M 4 Y

Incommensurable ecological nutrient mixed forage for aguatic

production

CN103548724A  — oty 50T 18 £ 5 S35 09 5 125
River crab integrated culture method in ponds

CN101606506A £ 24 4k i) 1 1 7K F7 48 2 5t

Intensive circulating water culture system

CN201640195U — i fr iR F2 4 A T £15¢
Fish and shrimp culture artificial nest

74 G211 Wi 7 S AR SR Ll A AR A
Xiangshan Mingrui Penaeus vannamei
farming professional cooperative

65 1L B Rt R 35 VAR SRAE &l A AR A
Xiangshan Mingrui Penaeus vannamei
farming professional cooperative

64 [Ep AN R S ) /A
Nantong Bada Feedstuff Co., Ltd.

49 bk
Y E Jiansheng
46 VIR

45 WAL K 7R B 5

Hubei Institute of Fisheries Science

CN101248766A  — i F—¢11—1 8 42 76 72 B H A IR A i s 2 5 a4 PRI
Shrimp-fish-shellfish-algae multiple cultivation and water qual- Guangdong Ocean University
ity biological regulate and control system thereof
CN203814390U  —Ffi K j* F25i I 1) 2 e il ko 43 B RE AR 2 I B A BR A T
Quantitative material throwing device for aquaculture Changzhou Academy of Intelligent
Agricultural Equipment Co. Ltd.
CN1053526A  fa (MF)3ethA: R4 40 o E K PR 2 ST B O LA s

Symbiotic fish (shrimp)-vegetable system

%% Jt Fishery Machinery and Instrument
Research Institute, Chinese Academy
of Fishery Sciences

WEAk, L FH B 23 Hr R T B0 2 A
PEARR ORI TR TR LA, Bal
AP EARSC R B AR bR, gl A, %
FIE R LR RARAESE, R 2k
T3 s LR R A SR S BEAT I R, JRAE S AL

P BRI A PEAS L R T A 1P
F— AR B, SN LR H AT R EPE AL Y
WHZ N, & 4 S8 E Bt K ™ I7 58 S R i
B 10 PFLA. AT LA H, H3E AR08 E SN E
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Tab. 3 Highly cited patents of facility aquaculturein other countries and regions
LR A BRI A A I (G 1)
patent number title of patent citations patent applicant patent applicant

country (region)

US5961831A FI 3 P AR K SR A 38 R A 5 ik

Automated closed recirculating aquaculture
filtration system and method

K= IRBAE YA 7 R G

Hydroculture crop production system

EW AT IRERS

indoor automatic aquaculture system

US5121708A

US6499431B1

US6447681B1 IR SR FE IR K AL TR R G e i3 T v

Aquaculture wastewater treatment system
and method of making same

KT FRHE F g8 S A Iy vk
Aquaculture system and methods for using
the same

RIK H R 2SR BR 3R 19 Jr B R A%

Method and apparatus for removing nitrates
from water

B 3 A X IEFR K SR I 1 I8 R 5E
Automated closed recirculating aquaculture
filtration system
KIS — R RS T i
Integrated aguaculture and bioremediation
system and method

US20070251461A1 /K SR 4 il A I R 58 . o A S LA
F 7715 Remote aguatic environment con-
trol and monitoring systems, processes, and
methods of use thereof

T 7K 7= 3250 5 2200 56 1 7K Ak B 5 12
% % Method and apparatus for aquacul-
ture and for water treatment related thereto

US5353745A

US5614078A

US6171480B1

US5820759A

US6117313A

147 (ST PN A A % H the USA
Board of regents, the university of
Texas system
127 Je AL (NP 4 BRA 2 the USA
Needful Provision, Inc.
115 B LA R BE U i BHHOK ™ A R A ) "1 China
Taiwan, Formosa High-tech Aquacul-
ture, Inc.
116 R R R A H %[ the USA
Kent Sea Tech
114 P4k /N F] Mattat Corporation 2% the USA
106 20 3t 7K A FAE AR 2 2[5 the USA
Upscale Water Technologies, Inc.
106 (ETN G PNl i e A F[E the USA
Board of regents, the university of
Texas system
97 MFM P R 7 S [E the USA
Mfm Environmental Co.
95 AR R G PR 2[5 the USA
Biomatix Systems
94 AR 3T A R %[ the USA

Australis Aquaculture, Llc

T JFCA ] 2 0 M DXt 7K 77 57 B8 AU o 7 | e AR 4 o 0 0 R R L AR A T R 3 DRI AR AR 52 B A B K 7 77

FRL AT & Il B

Note: Patents of facility aguaculture in other countries and regions are patents data of facility aquaculture accepted by intellectual property
organizations in other countries and regions except China National Intellectual Property Administration.
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Tab. 4 The most valuable patentsin thefield of facility aquaculture in China

\ P NEEE e
A R N $p§;;t$§ﬂﬁan'zt) INCIESE
patent number title of patent patent applicant country (region) value
CN106659136A ] -F- 5k 3 Al 43 Aii 7K A A4 0y (14 R 6 #0 5 12 LRI PR 7 LLEF Israel 1920000
Systems and methods for cultivating and distribut- Greenonxy Ltd.
ing aquatic organisms
CN1015161828 sk A sl i) 3k R 4L Aquaponics system BTl A 25 R AT PR BRI 1830000
Urban Ecological Systems Pty Ltd.  Australia
CN104968196B  Jf]F 3457k 2L sh ¥y i 2B K G R R e 0 1 TRANH AT B A B T fiif 22 1740000
Illumination system and method for enhancing Philips Lighting Holding Company  Netherlands
growth of aquatic animals
CN105050389B  fif FR/K 1 F I TR UK 4% ¥ 25-D- 21 F[E the USA 1710000
Self-cleaning pre-filter for water circulation pump Roche, Stephen, D.
CN104066319B  Jf] T 7k 4= sh M 72 WL I R 5 T3 A w Z[H the USA 1480000
Aquaculture lighting devices and methods Once Innovations, Inc.
CN104066319B 7k ™ 3 4t Hit ] 2% & 1 77 12 JI A H A~ E %[ the USA 1250000
Aquaculture lighting devices and methods Once Innovations, Inc.
CN1020365508 7k rf1 4k ¥y 3 7 Gt L KoK Ml R AL 570 k32t & R g Tl i H 7 Japan 1130000
System for feeding aquatic organisms and cleaning Tominaga Jyushi Kogyosho
unit for water tank
CN102245014B /K j'= 3% 4 o A VT 45 44 A SR A A IR A W % F Chile 1100000
Aquaculture net and flotation structure Marine Ecological Breeding Co., Ltd.
CN1043637558  JiTiff k™ J 4 R 4t T HEAE B R B I AT RS ] DA5] Israel 1060000
Offshore aguaculture system Sea Control Holdings Ltd.
CN101052297B 45 fig th1 2 /K ™= 35 Ml Jie ) ) B 3% L PRI BV R e By A R 2 the USA 1010000

Containment pens for finfish aguaculture

Innova Ocean Systems Inc.

x5 HtERMBRIEHEK~FRENEHEE THNERHEF

Tab.5 Themost valuable patentsin facility aquaculturein other countries and regions

. oge = - i o
e AR TN i) it
patent number title of patent patent applicant country (region) value
JPEL06211B2  fff FA Ho0 24T 10 1ok A8 3l ) £ e 149 D 1% FEHAEY R R A A 22 the USA 3300000
YO % 7] E¥ % 7-512,5F )L 2. 27 F1)  Bayer CropScience LP
Atk z T 205k
Methods of using Bacillus subtilis strains to improve
animal health
IL240515A — P L HESAE ) A K B T i RV SR A B SR e AR R B2 F PIE 3 |srael 2270000
Methods and matrices for promoting fauna and flora  Econcrete Tech Ltd.
growth
US10444158B2 sk A FREE WSl v 012 22 e R 20 IE R G Rk eI A %1 the USA 1950000
Error monitoring and correction systems and methods Senturion Water Monitoring Lic
in aguatic environment monitoring
US10716270B2 %74 Fl 43 Bt 7K Ak A= 1 1 B 58 F0 7 122 4 LI PR\ 7] Greenonxy Ltd. L% Israel 1920000
Systems and methods for cultivating and distributing
aguatic organisms
HK1130155A1 sk A= gy dla: &4 Wi A SR G A R L SNIRI2 1830000
Aquaponics system Urban Ecological Systems Ltd. Australia
JP6388598B2  Jj TSR K A A WA A I IR R e A0 i TR T H A A T Tiif 2% 1740000

KAELEY DR Z HESI L L72HDEN L 2T 4

VA7

Illumination system and method for enhancing the

growth of aguatic organisms

pany

Philips Lighting Holding Com- Netherlands

742 to be continued
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%23 5 Tab. 5 continued
e — —
R AT A e aiit) it
patent number title of patent patent applicant country (region) value
HK1217155A1 fFER/K K A i ko %75 -D- 2 Y] Roche, Stephen, 2£[E the USA 1710000
Self-cleaning pre-filter for a water circulation pump D.
JP5436452B2 I TR il R AR IR 118K FR A8 M AL EF AN T i R A1 3 R & = DY B /R B 5e % 32 [El the USA 1670000
# EES
BRENRZ ALX —DIzoD Ry ~FHEHEZ  Brian & Cynthia Wilcox Trust
FAD T3 U
Robot application method and equipment for maricul-
ture of food and energy
US9717219B2 /K 145 B Water inlet arrangement MAELAR A ] Linde AG fii ¥ Germany 1510000
ES2707626T3 %58 /K A 2y () IR B R G oy ik SR A FIRBARAR £ Netherlands 1480000

Illumination system and method for cultivation of ag-

uatic animals

Signify Holding B.V.
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FE = A 4990 7 t, AERFEGH ok 11450 J7 i,
i LS ik 43.58961%%, — 5 FE 1A Hh [ B K
FEFRAE L AR K R AT i sh T
Wi K 7= FR 7= R R o BRI Z AN, HAS,
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Development trendsin facility aguacultur e based on patent analysis

LIU Huang", LONG Lina", LIN Xiangming?

1. Fishery Machinery and Instrument Research Ingtitute, Chinese Academy of Fishery Sciences, Shanghai 200092,
Chinag;
2. Chinese Academy of Fishery Sciences, Beijing 100141, China

Abstract: The rapid development of China's aquaculture industry is inseparable from the development and promo-
tion of the facility aquaculture industry, which is also an important guarantee for the development of environmen-
tally friendly aquaculture in China. To fully grasp the development trend of the facility aguaculture industry, the
overall situation of global patents, patented technology life cycles, patent technology field, innovative entities, and
key patents was analyzed using bibliometric methods. Patent application data were used for analysis, and the re-
trieval time was December 8, 2020, on the PatSnap platform, based on the keywords and international patent clas-
sification (IPC) numbers. Invention patents were the main patent type (56.61%). The number of patent applica-
tions in China was the largest, accounting for 79.49% globally, followed by Japan (6.42%), Korea (4.82%), and the
United States (3.03%). However, the number and layout of core patents were relatively small in China and were
mainly dominated by the United States, Israel, Australia, the Netherlands, and other countries. At present, the re-
search and development of patented technologies in the field of facility aguaculture are in a phase of rapid devel-
opment. China entered this rapid development stage in 2011. During this time, the number of patent applications
by enterprises has increased rapidly and has significantly exceeded those submitted by scientific research organi-
zations, including universities and scientific research institutes. Thus, enterprises have become the most important
innovation entity in the field of facility aquaculture in China. The main innovation entities in other countries and
regions globally have been dominated by “enterprises’, and the main patent applicants in the past two decades
have also been “enterprises’. Technical research and development in the field of facility aquaculture in Chinais
mainly concentrated in AO1K63 (containers for live fish, such as aquarium tanks) and A0O1K 61 (aquaculture of, for
example, fish, mussels, crickets, lobster, sponges, and pearls), which account for 28.96% and 28.69% of patent
applications, respectively. In other countries and regions, A01K 61 (52.28%) was the main technical field, followed
by A01K 63 (36.64%). These two technical fields are current global technological hotspots. This study showed that
the development and innovation of China's facility aquaculture patent technology has promoted the devel opment
of China's facility aquaculture industry. Enterprises have become the main subject of innovation. The innovation
of China's facility aguaculture patent technology has gradually been effectively integrated into the market, which
will have a beneficial impact on the industrialization of China's facility aguaculture. In the future, we should at-
tach great importance to the innovative research and development of patented technologies in this field and track
high-quality patents in a timely manner. Furthermore, we should strengthen the patent layout of core technologies
on aglobal scale and occupy the core advantage area of the global facility aquaculture industry. Through the above
analysis, we have elucidated the development status and existing shortcomings of our country’s facility aquacul-
ture technology, which is a reference for the development of our country’s facility aquaculture in the future.
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