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Founded in 1877, the University of Tokyo is the oldest and largest of Japan’s national
universities. Exemplifying the ideals of excellence and diversity, the University serves
as a forum for educational and research activities carried out at a wide array of
locations, including the three core campuses of Hongo, Komaba and Kashiwa.

*
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Students: 28,806

Academic and administrative staff: 11,266
Exchange of researchers: 1,525

Cited papers: 468,113

Books and other materials: 9,854,341
Start-up companies: about 430
Overseas facilities and office: 29
International students: 4,283
International exchange agreement: 545
Total number of graduates: 443,815
Nobel prize winners: 13

Japanese prime minister: 15
Astronauts: b
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e Founded in 1949

Purpose:

Institute of Industrial Science (11S), the University of Tokyo aims to “approach
various engineering-related issues and value creation in a broad perspective,
to carry out research and education with a focus on pioneering academic and
comprehensive studies on social and industrial challenges, and to contribute
the results of its activities back to society and industry”.

e Statistical Data
> The number of faculties: 163 (Project faculties: 47)
» The number of students:
Doctor: 261 (146 from foreign countries)
Master: 517 (170 from foreign countries) on January 1, 2021
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c

Center for Integrated Underwater Observation Technology (-2020)

/OWe play a key role in studying integrated underwater observation technology to understand the ocean\

function (energy, seafloor, and biological resources, a buffer of environmental change, etc.)
®\\Ve create an academic field to co-exist with natural disaster and to utilize ocean resources in a
Qustainable manner. )

Director Staff Research and Development

V"“ AL

. Sensing i Novel, integrated, and high-resolution E

Know the ocean &/ = 2 i sl |
) o N - ,‘.\"f - Py : Deen intearation Area-expanded and
function and utilize Vosuke | Simuaon  FE EE P Integr highly-developed !
Chang-K 1 between sensing and !

RHEEM Prof.  YOKOTA R | J sensing, deep :

the resources Ovon  Lesturer ot platforms understanding |
EEVIr(?nmgntal Information Platform Ecosystem ! :

ngineering System Engineering : :

Platform Highly-developed platforms and
collaboration between platforms

Modeling in Comprehensive
collaboration with evaluation of the ocean

Center for Integrated
Und_?rwste'; Obs(?Jr_\;_?tlon Blair S Loy HA?ESéIfW sensing and platforms potential and risk
eC nO Ogy PLICRICN e Visiting Prof. Assoc. Prof.

Assoc. Prof. Assoc. Prof.

Multidisciplina (S rting Member) H H . .
Ocean Underwater  geot e il Simulation Modeling in the severe deficit of
Perception Platform Observatory Transport Observation data

Systems Systems Engineering Engineering
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Prof. Akira Asada Prof. Chang-Kyu Rheem Prof. Katsuyoshi Kawaguchi Prof. Daisuke Kitazawa
Underwater Acoustic Ocean Environmental Engineering Multidisciplinary Seafloor Marine Ecosystem Engineering
Systems Engmeermg %— Observatory Englneerlng

Az

Prof. Toshihiro Maki Prof. Bla'if"‘.‘T'H’t(—)HH
Underwater Platform Systems Underwater Photonics

Prof. Yoji Okabe Structural Health Diagnostics

PSFBG optlcal fiber sensor

ooooo 9 Core  Cladding

=

PSFBG

.~ T-shaped stringer

Optical fiber
(Cladding diameter: 125um)

Adhesive
debonding

CFRP specimen

Prof. atsuhiro Fukuba
Multi-modal Ocean

Sensing S_\/stemS Prof. Teruo Fijii etc.
\ Design-Led X Platform

3 200
wavelength, cm” !

Autonomous Docking = Prof. Yusuke Yokota
Underwater Informatlon System

GNSS & Undervater sen

Prof. Yosuke Hasegawa
Interfacial Transport Engineering

S
— "
OMNIE—
g ative

arine disaster prevention informatics
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Chababar M University

«1999-2001: Ph D. (Eng.), Department of Environmental and Ocean
Engineering, Graduate School of Engineering, The University of Tokyo
“Study on the effects of a very large floating structure on marine
ecosystem by numerical simulation”

«2002-2003: Department of Human and Society, Institute of Industrial : (g
Science, The University of Tokyo Prof. M. Fujino Prof. T Kinoshita

«2002-: Environmental Impact Assessment (Hydrodynamic and ecosystem
coupled model)

«2004: Department of Mechanical and Biofunctional Systems
«2007-: Fishery and aquacultural engineering
«2013-: Marine renewable energy development

«2016: Center for Integrated Underwater Observation Technology

«2020: Large-Scale Experiment and Advanced-Analysis Platform
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ee Marine Ecosystem Engineering Lab.

Environmental impact assessment of ocean space
utilization (offshore structure), aquaculture, etc.,
using a hydrodynamic and lower-trophic
ecosystem coupled model

vA¢
——> Nutrient Cycle “’
— > Oxygen Cycle

External Loading

34 305N - "
136.64°C 136.66"C [36.68"C 136.7°L 136.72°L

~~
ER— ~ -‘
)| 27 EAED :
(Feces, ugC/I) Fm——m————— q e . .. Aeration
] 1 o - : |
Phytoplankton 1 Respiration i Inorganic Carbon |
Waste feed 1| ~hytop ) . : :
(Waste, u2C/l) E (PHY,, ugC/I) E Primary Production P (wglm)
i Primary Production| Inorganic Phosphorus _T
1| Cell Quota |! (DIP, pgP/l) ”
‘| of PandN E Inorganic Nitrogen ] Decomposition
1| (COP,, ugP/l) : DAY, el Dissolved Oxygen
L LCON 1V ptae| T ¥ (0O, g/
Grazing Respiration
Zooplankton Extracellular Release - _
(20O, ugC/I) Particulate Dissolved
Mortalit Organic Organic :
g Carbon carbon 3 34,3259N ;
gestion, Mortality 34,32 -
Grazing (POC, ugCll) (DOC, ugC/l) ; | ¢
Fraction Production B :
Release Sinking / Re-suspension . = 34.315°N | s
Consumption 5
“ : 1

Fish cage aquaculture
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Marine Ecosystem Engineering Lab.

il

i lj ;
! ?‘j‘ﬂ‘n h_ g Onmsm

22

Motion-controfle d¥ship with wave energy harvester .

Submergible cage for open water aquaculture
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20 50kg/capita/year
— in Japan
s 70
s 4
£ o0 1kg/capita/week
§ 50 —Japan — World g/capita/wee
ED —Asia ——(ceania | 20kg/capita/year
= 40 —Europe —— North America in the world
2 130 ——South America Africa
Q.
= 20 = |
S / Assuming the world
o 10 |= m——— population is 8 billion,
0 of
1960 1970 1980 1990 2000 2010 2020 seafood should be

Year produced.
Source: Food and Agriculture Organization of the United Nations
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Marine Ecosystem Engineering Lab.

160 n =

140 n =

& >
a1 3 =
= >
S 100 15 &
= 2
E 80 12 §
E 60 9 5
o =
5 40 6 -
= 3 S
= —
el 0 0 E
=

2 >

4“ | | | | | | | | | | | | | | | | | | E

1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

Population amme Per copito apparent consumption

Source: FAO(2020) The State of World Fisheries and Aquaculture

NOTE: Excludes aquatic mammals, crocodiles, alligators and caimans, seaweeds and other aquatic plants.
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Chababar Maritime University

160

140

AQUACULTURE

120

100

MILLION TONNES

CAPTURE

0 Capture

1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

B Capture fisheries — inlond waters [ Capture fisheries — marine waters [l Aquaculivre —inland waters [ Aquaculture — marine waters

Source: FAO(2020) The State of World Fisheries and Aquaculture

NOTE: Excludes aquatic mammals, crocodiles, alligators and caimans, seaweeds and other aquatic plants.
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Chababar Maritime University

Maximally sustainably fished

[ ]
<
=
=
[
Wt
(-
[
(=

Underfished

2000 2010 017

Source: FAO(2020) The State of World
B Biologically sustainable 1 Biologically unsustainable Fisheries and Aquaculture
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arine Ecosystem Engineering Lab

Non-feeding aquaculture Feeding aquaculture

Bivalves
Plant, insect, ---

Feed _

Cage aquaculture

Seed

= \
Seedling
> & ““*«:r
e € %f
Light >
Nutrients Source: Introduct|on to Marine Science

Source: Ministry of Agriculture,
Forestry and Fisheries
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1928 Wasaburo NOAMI
Introduction of embankment farm

Source: http://www.kahiketagyokyo.jf-
net.ne.jp/yousyoku/yousyokurekisi/index.html

1954 Teruo HARADA
Introduction of cage aquaculture

=
B

R -IeW
=

NEIRWESE

Netting farm

Source: Miyashita (2008)

Cage aquaculture




Flotation

ad\ i

Submersion

"Natural lumb
Stee

Steel
°e {Stee
High density
Floats and ro

Frame —

Netting J

_Wire mesh

[ Synthetic fiber {

M BHEERTRARE

Marine Ecosystem Engineering Lab

er (bhamboo, etc.)

| pipe, die steel, galvanization
| rod, H steel

polyethylene pipes
pes

\Rubber hoses

Float Styrofoam, resin pressure resistant float

Multifilament (Polyethylene, Polyester)
Monofilament (Polyester)

—

Galvanization
Galvanized aluminum
Resin coating

— system

_ Alloy (Copper & Nickel, etc.)

Single point (ropes and concrete weight)

_ {Connected type (ropes and anchors)
Mooring
Framework (ropes and concrete weight)

Source: Miyashita (2008)
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Silver salmon
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Water tank testing
Similarity law: it is difficult to apply Froude similarity law to netting

The formation of netting is similar if the ratios of tension, hydrodynamic force, and
weight are the same (Tauti, 1934).

Hydrodynamic :1 g g 5 Half mesh length
force r ZpCD l al((pJ 0) T+ aZ((p;H) l v (ba(r |ength)l)
(per area) bar Knotting Knot S—
d iJ: bar
Weight in water ,, — p (@)= (1 + b, _) d(ps — p)g angle ¢
(per area) L l l
twine ‘l'
o (kg/m?): water density Cp, (-): drag coefficient l | ‘X-
a,, a,, b, , b, (-): parameters related to the formation of netting diameter d

v (m/s): current speed p, (kg/m?): density of materials g (m/s?): acceleration due to gravity
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L%”nmeDm Cll_m {al((pm, Hm) + aZ (QDm, Hm) Cll_m} v?%’t L (m) |ength SCale
Z m m: model
d : _
f f * full-scale
LtpyCpy ?{al(‘Pf' Or) + az (¢, 6 1 vf %
) ' L
d d o —
L?nbl (Qom) ﬁ (1 + b2 ﬁ) dm(psm T pm)gm l
= d; [ ) full-scale l l
f f
L%bl(wf)ﬁ\l-l_bZF df(psf_pf)gf l —-I-
If the drag coefficient, the ratio of twine thg rati(_) of
diameter to mesh length, and acceleration 1 twine diameter
due to gravity are the same, to mesh length
- isthe same
L%npmvﬁz _ L?ndm(psm _ pm) model L_l —the ratio of
L;prfvjg szrdf(psf — pf) projected area

is the same
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Force ratio
L2 () S22 (14 b 1) oo — o) 12
Fm _ mP1\Pm lm 2 lm m\Psm m)Ym B Lmdm(psm _pm)
F - d d LZd Der — P
f Lﬁbl((pf)?(l-l_bzl_j]:) df(psf_pf)gf f f( sf f)
Velocity ratio
LinpmC d_m{a(QD Om) + az(@ Q)d—m}vz 2 2 2
mome lm L crrm T lm m_memvm_Lmdm(psm_pm)
d d T 2pv2 12d(pes — p
L%prDfT;{al((pf'Hf)+a2(‘Pf»9f)l—;}v]§ fErES Fdr(psy — pr)

Um dm (psm o Pm)P f
vr | drpsy = pr)pm
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Marine Ecosystem Engineering Lab

bottom frame rope_

sinker B

Source: Dong et al. (2021)



Comparison

£ = &®E A4 T 7o

Component Parameter Prototype value Model value
Floating pipe Material High Density Polyethylene
Polyethylene
General 25.0m 0.5 m 1/50
diameter
Pipe diameter 35.5 cm 1.74 cm 1/20
Side netting Material Polyethylene knotless Nylon knotted
netting netting
Net Height 9.0 m 0.18 m 1/50
Twine 2.7 mm 0.6 mm ]_/4_5
diameter
Mesh size 50.3 mm 11.3 mm 1/45
Mesh type Diamond mesh Diamond mesh
Bottom Material Polyethylene knotless Nylon knotted
netting netting netting
Twine 2.7 mm 0.6 mm
diameter
Mesh size 50.3 mm 11.3 mm
Mesh type Square mesh Square mesh Source: Dong et al. (2021)
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Length scale ratio Twine diameter scale ratio
L d [
=59 S =T =45
L, dn  Ilm

Velocity ratio

Yr _ df(psf - Pf)Pm — 212
Um \ dm(psm o pm)pf

Force ratio

Fp _ Lyde(psy — py)

— = 11250
K m L%ndm (psm _ pm)

Source: Dong et al. (2021)
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Marine Ecosystem Engineering Lab

" Force indicator

v

Current indicator || A/D converter [ »| Computer

Fl s
R OO H - E b P - - E R R O 1 R E R - b

Detector part (¢g=6mm
1.3

Load cell = g

[4-]

,ﬂ

=

current =

—_— =

Cylindrical g
screw(@=3Smm) +

ff / A 4 e
J(Jr Jr.rr

Camera set to the
side of the net cage Source: Dong et al. (2021)



Detformation of Netting

Marine Ecosystem Engineering Lab.
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-

i 1 1 ! “m/s
Current velocity 21.2 em/s 31.8 cm/s

-

Current velocity 42.4 cm/s 53.0 cm/s 74.2 cm/s

=

Current velocity 84.8 cm/s 95.4 cm/s 106.0 ¢cm/s

Source: Dong et al.
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Marine Ecosystem Engineering Lab
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Marine Ecosystem Engineering Lab

—~ 320 | 4500
g > =&=Estimated value in field
S0 — measurement
= @
E 240 | %ﬂ —&—(Coverted value by model test
= ® *— 51
S o = 3000
T =
—| >
= T
h 160 =
3 2
S 5
E &
Té' =&=Estimated value in field measurement E 1500
S 80 =
§ —e—Converted value by model test a
g
U D 1 1 1 1
0 S 10 15 20 25 0 | |

0 5 10 15 20 25
Current velocity (full-scale) (¢cm/s)

Source: Dong et al. (2021)

Current velocity (full-scale) (cm/s)
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FhSim: a software platform and framework for mathematical modelling and numerical
simulation, with a focus on marine applications.

Aqua-FE: a software to simulate and analyze the dynamic and structural behavior of
the gravity fish cages in waves and current

Moordyn: an open-source dynamic mooring line model

OrcaFlex: a software for the dynamic analysis of offshore marine systems
DUTFlexSim: a software to simulate the motion responses of the fish farm
AquaSim: an analysis and simulation tool developed by Aquastructures

SimuTrawl: a planning and analyzing tool for the engineering properties and
performance of the trawl gear

etc.
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Marine Ecosystem Engineering Lab

Collecting dead fish Maintenance of neting | Removal of sessile organisms
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& Marine Ecosystem Engineering Lab




Marine Ecosystem Engineering Lab.

ﬁk_, BFEERTIFMRE | 35/73

System ut|||zmg the advantage of Fjord topography
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Foed Cat Raw fish GrQ\(vth Feed Eat Moist Pellet Growth

o .
Uneaten feed Metabolism Feces Uneaten feed Metabolism Feces
24 . T 3~19 - (b
: T ' L . J
Environmental loading Environmental loading

Source: White paper of Fisheries Agency (2013)

aterlb%
Feed Conversion 1 1.275 _
Ratio (FCR)=1.5 -D— m) ——— = b =) 20% is used for growth

0.25
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Marine Ecc stem Engineering Lab

Dissolved oxygen in bottom water

= 7
Current < - Dlssolved waste i
Sinkiﬁg ®, Waste @ # Algal blooming 3
O Eutro hication 2
Shallow =~ @ O SHep !
° Source: Zhang and Kltazavva (2016)
' . O ‘ (a) DO (me/1)
O O “
Deep - ® O ® © ®
® Particulate waste O Uneaten feed

®» Sulfide, Hypoxic water

_ _ _ Source: Yokoyama et al. (.2006)
Fjord: Water is deep though water current is weak
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Marine Ecosystem Engineering Lab

Severe damage caused by algal blooming has been reported.
2016; Chile, 2018; Japan, 2019; Norway
The other factors as well as eutrophication may be related to the algal blooming.

- ‘e‘ > = -

Source: Fisheries Agency (1985)  Source: http://vvvvvv.éérc.éi.edu-/lahbs/
protistan_ecology/hab_parasites.aspx
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Temperature anomaly (°F)

2.0
1.5
1.0 .
 |ncrease in water
0.5 A 4
ﬁ A 73\ temperature
4. |II I| Ilk“ I .-'ﬂ' A 4 U .
o hoi2iY WGavemge )l ¥ -— i e \/ j __________________ e Sealice
ﬁl‘ [ |I""l II 1 |In- A _-Ndl . | J
s A A Lo A VLA VY - Escape
YN A A A v « Predator
10— AN WY N
\ II'.l Ill.“\.' |
-1.5
-2.0
1880 1900 1920 1940 1960 1980 2000 2020
Year

Source: https://www.epa.gov/climate-indicators/climate-change-indicators-sea-surface-temperature
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« Pond aquaculture
River water

— Wastewater is excreted through channels

 Free-flow aquaculture
Seawater

_—

 Recirculating aquaculture

Recirculating water » Wastewater can be controlled.

Advantage of Recirculating Aquaculture System (RAS)

® Aquaponics (the combination of aquaculture and hydroponics), zero-emission

® Environment (water temperature, water quality, light intensity, etc.) can be
controlled.

Facilities and energy for wastewater treatment and temperature control are
required.



Chababar Maritime University

Feed o _
Facility (14.4%) Electricity cost is more than 10 dollars / kg
. (32.3%) Seed
-year (6.4%) L .
depreciation Water Utilization of groundwater, hot spring,
(1.0%) . .
personnel cost  Ceep-sea water will be effective.
Electricity (0.5
(temperature) Electricity Scale—up problem
(13.3%) (motor)
‘ (26.0%)

Cost for recirculating aquaculture of pufferfish
Source: Fisheries Agency (2013)

To reduce the cost for wastewater
treatment, certain level of
wastewater can be excreted or
waste is absorbed by the other
organisms (aquaponics)
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Marine Ecosystem Engineering Lab

Chababar Maritime University

Source: https://www.intrafish.com/salmon/norways- Source: http://www.nordicaquapartners.com/en-
norsal-signs-engineering-firm-for-china-land-based- columnA/mid-16
salmon-farm-project/2-1-970637

Norsal: Shandong Province, Yantai gﬁ;qi:nAq;r?)\iicr;t:el\rl?; .
10,000 tons (Phase ) Jjlang , NIng

4.000 tons (2023), 8,000 tons (2026)
30,000 tons (Phase I1) 16,000 tons (2027), 40,000 tons (Future)
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Marine Ecosystem E

Source: https://www.billundaquaculture.com/proyectos/ Source:

atlantic-sapphire-usa/ https://www.the-kingfish-company.com/about
Atlantic Sapphire: Miami, USA Kingfish Zeeland: The Netherlands
Intensive RAS, groundwater Intensive RAS, seawater

Salmon 10,000 tons, Feed 35.3 tons/day Amberjack 2,000 tons/3ha

100,000 tons/75ha in Sweden, etc.
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® Personnel safety
® [ ow risk of sea lice
® Environmental control
® Feeding
® Recycle of uneaten feed
and feces
® Escape
el @ Prcedator

Sandwich composite

Light intensity and water quality are controlled through days
Although uneaten food and feces are decomposed in the cage,
dissolved waste will be excreted in the environment.

Source: HAUGE AQUA HP (https://haugeaqua.com/technology)
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Chababar Maritime University

Feed Storage Barge (FSB)
-hh-—l o

Farm Support Vessel (F5V)

rf
Prototype /
4A8m X 28m, hkm offshore e/ R ¢ ke o noote Farm Support Vessel (FSV)
Annual production goal: 166 tons S 18 - http://wiweB OB Sorm/
(Barramundi, Sea bream)

4 tanks, 475,000L/tank Seawater is purified for use as breeding water.
2 workers Wastewater is excreted after purification.
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Marine Ecosystem Engineering Lab

Integrated Multi-Trophic Aquaculture (IMTA)
>t Red sea bream

} Sea weeds Advantage
Feeding
«iits  Sea cucumber » ® Recycle and
| ,{ high productivity
et e e ® Environmental
0 ¢ preservation
S ::;-:_ 0 == Dissolved
: ' nutrients _
Dissolved - 0 > Disadvantage
nutrients <___ - e ® Additional
. works
Fish teces Unconsumed food ® Reduced
velocity

Source: Zhang et al. (2016)
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Marine Ecosystem Engineering Lab

- ' | -
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— - e = Source: Gentry et al. (2017) L
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1980 1990 2010 2020
® Offshore ® Offshore submerged -
Japan aquaculture B aquaculture =
® [una farming
® large ® Open water aquaculture
Sweden cages e
Russia ® Large submergible cages
USA ® Offshore aquaculture
Panama BN e Offshore cobia aquaculturey
South Korea ® Offshore aquaculture
Norway ® EXPOSED
® China

China
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Marine Ecosystem Engineering Lab

Feed | Nng Wireless transfer
Platform

o\Vessel
.Underwater feeding

Wireless transfer

Feeding platform

system Energy-saving vessel % ' Monitoring

«Energy supply g9 u « Remote management

«Feed production « Wireless image
transfer

Cage

Submergible

«Net cleaning

«Dead fish treatment
«Monitoring of fish and
environment

Growth of fish, Ecosystem preservation (escape problem), Sea lice, Environmental protection, ...

o Anti-theft system
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Wind

Significant wave height may reach 10 m.

‘ (The maximum wave height is around 20m.)

The surface current speed is about
a few percent o wind speed.

Wind- =

Thunder

driven s

Water current is large through
current ) water surface to bottom

Internal waves

C—)

Tsunami, high tide




Submergible Cages W0 NO M BRI mRg | 5473

Water particle

Wave form

Decreasing movement Q Wave progression
of water particle g
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Marine Ecosystem Engineering Lab.

Cages can escape from high waves, high temperature, algal blooming, etc.
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Marine Ecosystem Engineering Lab

Svealv (1988) SADCO - HP Kim et al. (2014)
j\/lr Chamber surface V%,
” l\ - High 5@ 1 1 @ gl
e ‘ v “\ W\ temperature >N S
Anchgr’ B’ope’é\\Cage/"\\\\
Step by Step ’::,'/t’)/ottom _____ I Hypoxic Wél:cer
A general cage
modified
hose
# .
VA ]

20m cage for salmon §30m cage for yellowtail

Air Water
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Marine Ecosystem Engineering Lab.

TLP type platform Jack-up type platform
(Ehime) (Kumamoto, Hokkaido)

Bridgestone rubber hose cages Aqua-system

Source: Marino Forum 21 Source: SOBUNSHA Co., Ltd.
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iuic PROGRAM

-

s

National Oceanic and Atmospheric Administration (NOAA)
The consumption of seafood: once to twice a week

Significance of offshore aquaculture | “
- Self-pollution problems in coastal area 2
- Landscape problems in coastal area
* Licensing problems in coastal area

I
»

The National Offshore Aquaculture Act of 2007 Visit NOAA in 2007
Permission of offshore aquaculture in 3 — 200 miles from the coast

Congress needs to move forward with my administration’s plan to build a well managed system of offshore

aquaculture... And when we get this right, these farmed fish can provide a healthy source of food and reduce
pressure on the ocean ecosystems. (President Bush)
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Large submergible cage

Source: Private communication

Feed Storage Silos Machine House

Closed-Cell Foam

Feeding buoy

Main Hull

Source: Fullerton et al. (2004),
Turmelle et al. (2006)

Ballast Can
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Feeding platform and multiple cages Source: InnovaSea



Chababar Maritime University

Offshore Platform-Japan B8 Ea seserrenns| o/

. _ Production
e e ' S - e management
| ' A system
et

: | ; ﬂj&\#&hﬂ»ﬂ
. ) )
Feeding barge that can withstand the Source: NIPPON STEEL ENGINEERING CO., LTD.,

significant wave heights of less than 4m Yumigahama Suisan Kaisha Ltd.
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Significant parts of the Norwegian coast is today
unavailable to industrial fish farming due to
remoteness and exposure to harsh wind, wave,
current and ice conditions. Regular as well as
infrequent operations are challenging.

The Exposed Aquaculture Operations Centre
(EXPOSED) will draw upon Norway's strong
position in the aquaculture, maritime and offshore
sectors to enable safe and sustainable seafood
production in exposed coastal and ocean areas.
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L: 90m B: 18.8m, D: 7.6bm
(Draft: 6.2m)

7,500 tons support ship

"
« Height: 68m, Diameter: 110m Ocean Farm 2 (20247)

. Volume: 250,000 m3 Diameter: 160m

: 3
 Expected Production: 10,000 tons Volume: 760,000 m
Expected Production: 23,000 tons

Source: Yu et al. (2019)
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Havfarm 1

\

Ved & rotere Havfarm rundt forteyningspunktet

kan spredningsarealet ekes inntil 29 ganger

. Length: 385m, Width: 60m Turret mooring

. _ Source: https://www.youtube.com/watch?v=6Tvpny5WxyM
 Structure: 6 area (2 million ind.) Source.

S https://www.projectcargojournal.com/shipping/2020/05/11/b
» Production: 10’000 tons oka-vanguard-is-shipping-a-massive-fish-farm-to-norway/
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 Yellow sea, 240km offshore

 Diameter: 60m, Depth: 38m,
300,000 ind., 1,500
tons/year

« Deep blue 2 may have
three times of capacity?

Source:
http://j.people.com.cn/n3/2018/
0507/c95952-9457166.html

/uhai, 30km offshore
Length: 91.3m, Depth: 10.3m
Volume: 30,000 m3

From September 2018
(yellow croaker)

Source: Huang et al. (2020)

Marine Ecosystem Engineering Lab

. Dimeter: 139m, Height: 48m
« Volume: 150,000 m3
« From April 2020

Source:
https://www.undercurrentnews.com/2020/06
/22/de-maas-anticipates-at-least-two-
deals-for-offshore-pens-in-2020-installs-
first-in-china/
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Marine Ecosystem Engineering

RAS

Aquaponics I

Ground
water

® A wide variety of aquaculture systems has been proposed.

Coastal Aquaculture

Feeding RAS in the ocean

\/@“ > k)Hk) O @'

Deep water

Open Water Aquaculture

I~
U

Platform

S

Fertilization

® (Coastal aquaculture system has been sophisticated, but environmental issues have become

serious.

® Recirculating aquaculture system can control the environment, but additional facilities for
wastewater management and temperature control are required.

® Aquaponics and Integrated Multi-Trophic Aquaculture may have the environment reserved.

® Open water aquaculture system is proposed recently. A huge aquaculture system and a
combined system of a feeder and multiple cages have been proposed. A robust structure against
severe natural condition is required.
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Chababar Maritime University

Wind turbine (5MW) Salmon cage (25m) x 2

Rated capacity 5MW Volume 15,000 m3
Capacity factor 30% Max. stock rate 3%
Power generation 13140 MWh Production 450 tones
Unit price $0.2/kWh Unit price $6/kg
Sales $2.6M Sales $2.7M

® \Wind turbine provides feeding platforms for cages.
® Share operation and maintenance.

® Operation and maintenance of aquaculture in the harsh condition
will be difficult.




Multi-Use Concepts

il and Gas Mariculture Mariculture Platiorm Mariculture Platform
Platiorm Platiorm with CO2 Injection with Wind Farm

(b)

(Mariculture and other uses for offshore oil and gas platforms) (Aquaculture perspective of multi-use sites in the open ocean)

Mermaid Project (2011-2015):

Innovative Multi-purpose offshore platforms: planning, design & operation
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Distance to shore 6 nautical miles

< Submerged longlines
Environmental Remotely controlles 3
Rhaee for shellfish culture
monitoring buoy automated feed buoy

Cage + Longline Seaweed + Mussel + Wind farm Trout + Mussel + Kelp

In the offshore site, waste spreads quickly and has small local impacts on the environment. On
the other hand, the waste may eventually contribute to the increase in primary production. The
waste can be recycled by IMTA.

Buck et al. (2018):
State of the Art and Challenges for Offshore Integrated Multi-Trophic Aquaculture (IMTA)
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| ; Marine Ecosystem Engineering Lab

Chababar Maritime University

Light
Temperature

Nutrients
(P. N, etc.)

4

| Primary Production

Nutrients are
supplied from land
and deep water.

Chiorophyll trati ! m?
orophyll a concentration ( mg /m") Source: Nasa Ocean Color Chlorophyll a

0.0 003 a1 03 1 3 10
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ee Marine Ecosystem Engineering Lab

Water temperature in the Temperate Zone

5 10 15

Surface mixing layer

500
E Thermocline
B 1000
x
1500 ‘ Deep water

Source: Biological oceanography (Lalli & Parsons) revised

20

Dissolved Oxygen (mg L1)
0 2 4 6 8 10

O———— —

1000| ( Oxygen

2000 Nitrate

3000

4000

0 200 400 600 800
Nitrate (ug L-1)
Source: Martin et al. (1989) revised

Distance from the surface (m)
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Chababar Maritime University

How can we provide enough feed for aquaculture?
1. Vegetable protein, 2. Insect, 3. Enhancing primary production,
w-37 @

sh :
. @@=

J\ﬂﬁﬁ
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—20~—40m
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Source' Fisheries Agency <O
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KA _
i Source: Maruyama et al.

2 =l I 1000m (2004)

Source: Ouchi Ocean Consultant Source: Pan et al. (2016)
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Daisuke Kitazawa
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